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Abstract A phenalenone compound, atrovenetinone
methyl acetal, was isolated from a culture broth of
Penicillium sp. FKI-1463 as an HIV-1 integrase inhibitor,
and it showed anti-HIV activity in vitro. HIV-1 integrase
inhibition and anti-HIV activity of two other nafural
phenalenones were also studied. Among the tested
compounds, funalenone inhibited HIV-1 integrase with an
ICy, value of 10 uM and showed the best selectivity (anti-
HIV, IC5p=1.7 uM; cytotoxicity, [Cs,=87 uM).

Keywords: enzyme inbibitor, HIV interase, AIDS,
phenalenone

Combined therapeutic regimens with reverse transcriptase
inhibitors and protease inhibitors lead to a suppression of
human immunodeficiency virus-1 (HIV-1) replication,
reduction of viral load, and decline in morbidity and
mortality [1, 2]. However, the therapy sometimes fails due
to the emergence of mutant viruses that are resistant to

these drugs [3]. Thus, it is critical to discover mote
effective and less toxic anti-HIV agents with different
molecular targets in the viral replication cycle. We have
previously screened microbial metabolites for new anti-
HIV antibiotics that inhibit entry of HIV-1 into the
susceptive cells, and found isochromophilones and
chloropeptins by 2 gpl120-sCD4 binding assay {4, 5] and
actinohivin by -a syncytium formation assay [6]. There are
three viral enzymes essential for HIV-1 replication, reverse
transcriptase, protease, and integrase. Of these, only
integrase has not been the target of a clinically used
inhibitor. HIV DNA is inserted into the host genome by a
specialized DNA recombination reaction in which the viral
integrase is the key player [7, 8]. The integration reaction is
composed of three steps, 3'-processing, strand transfer, and
gap filling, and integrase catalyses the first and second
steps. The third step is thought to be catalyzed by cellular
enzymes. Many natural and synthetic integrase inhibitors
have been reported [8~12] but only a few compounds
show high selectivity. Therefore, we screened microbial
metabolites for HIV-1 integrase inhibitors, and found that a
culture broth of Penicillium sp. FKI-1463 has the inhibitory
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activity. The active compound was identified as a
phenalenone compound, atrovenetinone methyl acetal (1,
Fig. 1) {13]. This paper presents integrase-inhibiting and
anti-HIV activities of 1 and other natural phenalenones.

A slant culture of the strain FKI-1463 grown on YpSs
agar was inoculated into a 500-ml Erlenmeyer flask
containing 100 ml of a seed medium consisting of glucose
2.0%, Polypepton (Nihon Pharmaceutical Co.) 8.5%, yeast
extract 0.2% (Oriental Yeast Co.}, KH,PO, 0.1%,
MgS0, - 7TH,0 0.05%, and agar 0.1%, pH 6.0. It was
cultured on 2 reciprocal shaker at 27°C for 3 days. One
milliliter of the seed culture was transferred into each of
twenty 500-ml Erlenmeyer flasks containing 100 ml of a
production medium consisting of glycerol 3.0%, oatmeal
{Nihon Shokuhin Seizo Co.) 2.0%, dry yeast (Gist-
brocades) 1.0%, KH,PO, 1.0%, Na,HPO, 1.0%,
MgSO,- 7TH,0 0.5%, pH not adjusted. The fermentation
was carried out on a reciprocal shaker at 27°C for 7 days.
The cultured broth (2.0 liters) was centrifuged and the
mycelia were extracted with methanol, which was then
removed from the extract by evaporation. The aqueous
extract was partitioned with ethy! acetate at pH 3.0, and the
organic layer was concentrated to dryness in vacuo to
afford brown oil (644 mg). This was chromatographed over
a silica gel column. Active fractions, eluted with CHCI, -
methanol (100:1) and CHCL, - methanol (20:1), were
concentrated to yield a crude material (284 mg). It was

e oc:H3

c' , i ’zicua
CH3

Funalenone (5)

Erabulenol B (4)

DMSO

applied on a ODS silica gel column and eluted with
aqueous CH,CN. The 350% CH,CN eluates were
concentrated (95.5mg) and chromatographed over
Sephadex LH-20 to yield green oil (86.8 mg). It was further
purified by reverse phase (Pegasil ODS, Senshu Scientific
Co.) and normal phase (Pegasil Silica, Senshu Scientific
Co.} HPLC to yield 50.5 mg of green oil.

The purified compound was implicated as 1 by
comparison of the NMR data in CDCI; with the reported
data by Nakanishi et al. {13]. Atrovenetinone (2) is easily
converted into an acetal in alcohol (Fig. 2) [14], and the
acetal is a mixture of diastereomers [13]. So, the NMR
spectra of 1 are complicated. Since 2 exists as the hydrate
(3) in DMSO {14], we observed the NMR spectra of the
isolated compound in DMSO-d,. The spectra were
simplified, and each signal was assigned as follows: 'H
NMR (600 MHz) § 13.67 (1H, s, 5-OH), 12.92 (1H, s, 11-
OH), 6.86 (1H, s, 12-H), 4.70 (1H, q, /=6.5Hz, 2'-H),
4.04.(1H, br s, 8-0H), 2.72 (3H, s, 14-H,), 1.45 (3H, 5, 5'-
H,), 1.22 (3H, 5, 4"-H,), 1.41 (3H, 4, J=6.5Hz, 1'-H,); °C
NMR (150 MHz) § 197.7 (C-7), 196.2 (C-9), 165.1 {C-11),
164.8 (C-3), 164.5 (C-5), 147.9 (C-13), 136.7 (C-1), 118.1
{C-4), 117.6 (C-12), 109.0 (C-2), 104.9 (C-10), 101.9 (C-
6), 91.1 (C-2'), 88.0 (C-8), 42.8 (C-3"), 25.2 (C-5'), 23.5
(C-14), 20.4 (C-4"), 14.3 (C-1"). The NMR data suggested
that 1 was converted into 3 in DMSO solution (Fig. 2), and
released methanol signals (8, 3.15 and 8 48.6) were also
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Table 1 Biological activities of phenalenones
[Cg (uM)
- Selectivity
HIV-1 integrase Anti-HIV Cytotoxicity (B/A)
inhibition activity (A} (HPB-M{a}) (B}
Atrovenetinong 19 6.7 13 19
methyl acetal {1}

Erabulenot B {4) 79 17 230 14
Funalenone (5) 10 1.7 87 51

*HPB-Mia) cells are human peripheral bigod cells transiormed by muring leukemia virus. Anti-HIV
activity was measured using HPB-M(a) cells with LTR driven luciferase.

observed. Thus, the isolated compound was identified as 1.
It has been reported as a myosin light chain kinase inhibitor
isolated from a culture broth of Penicillium sp. It may be
derived from 2 during purification. Compound 2 is a
phenalenone compound originally obtained by the
oxidation of atrovenetin produced by Peniciflium sp., and 2
was lately isolated from a culture broth of Gremmeniella
abieting {14, 15].

We have previously isolated the other fungal
phenalenenes, erabulenol B (4) which inhibits cholesteryl
ester transfer protein and funalenone (5) which inhibits
collagenase {16, 17]. Funalenone was also reported to
inhibit bacterial cell wall synthesis enzymes MraY and
MurG [18]. We evaluated integrase inhibition and anti-HIV
activity of 1 together with those phenalenones. HIV-1
integrase activity was measured by strand transfer assay
according to Craigie et al. [7]. In vitro anti-HIV activities
of the test compounds were measured by originally
established reporter human T cell line with LTR driven
luciferase. The cells were infected with wild type HIV-1,
and the compounds were added at different concentrations
ranging from 0.0016 to 125 ug/ml. Luciferase activities of
the celis, which appeared to correlate with the level of HIV-
1 replication, were measured at day 7, and anti-HIV ICyys
of the compounds were evaluated. The ICy, value of 1
against integrase was 19 uM, and it also showed anti-HIV
activity at 6.7 uM (Table 1). However, its cytotoxicity was
relatively high. Compounds 4 and 5 showed more potent
inhibition against integrase than 1, and also exhibited anti-
HIV activity. The anti-HIV activity of 5 was the most
potent (1.7 uM), and its cytotoxicity (87 uM) was lower
than 1. Though 5 was reported to inhibit collagenase and
bacterial cell wall synthesis enzymes [17, 18], those
inhibitions were less potent than the integrase inhibition
and anti-HIV activity, Therefore, 5 may be a good

candidate lead compound for anti-HIV agent. Inhibition of
DNA. polymerases by the other phenalenones have been
reported, but they did not inhibit HIV reverse transcriptase
[19]. A plant metabolite, hypericin [20], is the only ortho-
and peri-fused aromatic compound reported to show
integrase inhibition [21].
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Protease inhibitors (PIs) such as nelfinavir (NFV) suppress
HIV' replication. Pls are substrates of P-glycoprotein
(P-gp), the product of the multidrug-resistance-1 (MDRT)
gene. Three single-nucleotide polymorphisms (SNPs) are
present in exons of the MDRT gene: MDRT 1236, MDR1
2677 and MDR1T 3435. We speculated that these genetic
polymorphisms affected Pl concentration in the cell. To
vetify 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 liquid chromatography. We found the
intraceflular concentration of NFV in lymphoblastoid cell -
lines (LCLs) with the homozygous TfT genotype at MDR1
3435 were higher than that with CfC genotype with
statistical significance. This suggests that the activity of
P-gp in patients’ LCL cells with the MDR7T 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 Pis, and obtained statis-
tically significant evidence that suggested marginal
association of the SNP at MDR7T 1236 but not at MDR?
2677 or MDRT 3435. As in vitro results were not consis-
tent with the clinical evaluation, clinical importance of
MDR1 genotyping for antiretroviral therapy remains te
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 incracellular active PI levels have, to
the best of our knowledge, not yet heen determined.
The activity of P-glycoprotein (P-gp), the product of the
multidrug resistance-1 (MDR1I) gene, appears to affect
intracellular PI concentration, because PIs 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 MDR1 is polymorphic and at Jeast three single-
nucleotide polymorphisms (SNPs) have been identified
in the exons in a healthy Japanese population [1¢] as
well as in other ethnic groups [6]. MDR1 1236 and
MDR1 3435 are silent mutations in exons 12 and 26
[3,11], respectively, whereas MDR1 2677 is a substiru-
tion mutation in exon 21 [11]. Reportedly, the SNP ar
MDR]1 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)

229
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cells than those with the C/C genotype [13]. According
to these observations, MDR1 peolymorphisms seem to
affect the intracellular PI concentration and rthe
ourcome of antiretroviral treatment. However, the role
of MDRI 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 MDRI SNPs on the intracellular concentra-
tions of NFV and to evaluate the impacr of those SINPs
on virological and immunological response to anti-
retroviral treatment, including NFV and Pls. 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 rotal of 79 HiV-positive Japanese patients were
enrolled in this study. These patients attended a
hospital AIDS clinic art 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/rironavir
(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}, MDRI 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 fron: 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 feral calf serun.

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 5 min at
4°C and immediately frozen ar -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 5
min at 4°C and immediately frozen at —80°C until
HPLC analysis.

Reverse transcription-PCR (RT-PCR)

For quantification of MDRI transcript, RNA from
1x107 LCL cells was isolated using Trizol reagents
(Invitrogen Corp, Carlshad, Calif., USA). First strand
cDNA was obtained by using ReverTra Ace (Toyobo,
Osaka, Japan) with 1 pg of total RNA. ¢DNA 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 mRINA as a positive control.

Determination of intracellular concentration of NFY
by HPLC

The patients’ frozen LCL cells were extracted with
1.5 ml of ethanol. The extracts were then clarified by
centrifugation ar 2050 xg for 10 min at 4°C. The
ethanol extracts were evaporated at 30°C and dissolved
in 180 wl of mobile phase, which was 2 mixture of phos-
phate buffer (containing 50 mM KH,PQ, 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 C,s column (5 um 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),
MDRI 2677 (exon 21) and MDR1 3435 (exon 26) in
DNA samples from 79 HIV-positive Japanese patients
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(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 MDRT

MDR1 Genotypes

(%) n=79

T T gfC

5 ane
MOR t 3435 298 494 278

Exon 26

MDR12677 AJA GG TT
38 215 203

GiA GT  T/A
10,1 253 190

Exon 21

ToTe e

MDR1 1236 41.7 430 153

Exon 12

The SNPs at MDR? 1236, MORT 2677 and MDR7 3435 were typed by the
SNaPshot method Genotype frequencies at each site are shown as percentage
among 79 HiV-infected Japanese patients. The thin vertical fine at left repre-
sents the MDRT gene on human chromosome 7. The ciosed boxes represent
exons 1Z, 21 and 26.

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

Observed number of patients 33 34 12
Expected number of patients L7 3670 106"

33x2+34
p: Frequency for the T allele =0.633
2x79

q: Frequency for the Callele 1-p=0.367
*79xp’e31.7

*79x2p0=36.7

7907=10.5

Table 2. Hardy-Weinberg principle at MDR7T 3435 (n=79)
LIl T/iC ¢jc

Observed number of patients 18 39 22
Expected number of patients 178 394" 208
p: Frequency for the T allele —155%33=0,475

q: Frequency for the Callele 1-p=0.525
“79xp’=17.8

*79x2pq=39.4

'79x0%=21.8
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the three SNPs at MDRI 1236 (exon 12), MDR1
2677 (exon 21, excluding the genotypes containing G)
and MDRI 3435 {exon 26), we found significant
linkage disequilibrium between MDRI 2677 A (T)
and MDRI 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 genorype 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 MDR]I transcripts.

We found that uprake of NFV was rapid into LCLs
reaching a steady-state within 5 min (Figure 3}. We
studied eight 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 medivm containing 10 pM NFV. The intracellular
concentrations of NFV in LCLs with MDR1 3435 T/T
and C/C genotypes were 2593 uM and 2411 pM,
respectively (n=4), with no statistical difference. We
calculated these values by hypothesizing that the LCLs
are ideal spheres (10 um diameter) and that NFV
distributes uniformly in the cell.

We then compared NFV efflux from those LCLs
with different genotypes at MDRI 3435. Before
measuring export of NFV, LCLs were cultured with
INFV 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 MDR1 3435 T/T and C/C (n=4 each),
which had been verified to express MDRI mRNA by

Figure 2. MDRT mRNA expression in LCLs

12 3 456 7 8

—5— MDR1

—~t— B3PDH

We selected eight patients’ LCLs with MDR7 3435 C/C (lanes $-4) and T/T
{lanes 5-8) and measured the expression of MDR? mRNA. Total cellular RNA
fromn LTLs was subjected to RT-PCR with primer sets for MDRT and GIPOH
transcripts. Aliquots were subjected to agarose gel electrophoresis. The geno-
types at MDR7 1236, 2677 and 3435: lanes 1 and 2, (T/T, 6/G, C/C); lane 3, (T/C,
GJA. CIC); tane 4 (CIC GJA C/C); Jane 5 (T/T. GfT, T/T); and lanes 6~8 {T/T, T[T, T/T.
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RT-PCR (Figure 2). The concentration of intracellular
NFV in LCLs with the homozygous T/T genotype at
MDR1 3435 was higher than in those with C/C geno-
type at 120 min and 180 min. 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

[ N

-
1

o
tn
|

Intracellular NFV,
nmel/108 cells

O o e AN s B B e S p—
0 20 40 60 80 17100 120 140 160 180

{ncubation, mins

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

Figure 4. NFV efflux from patients’ LCLs

O MDR13435 7T (n=4)
W MDR7T3435 CJC (n=4}

-
1

Intracellufar NPV, nmol{10° cells

P=0.04 P=0.02
4] &0 120 180

Incubation, mins

LCL cells were incubated in medium containing 10 uM of NFY for 3 h. Cells
were then washed and cultured in NFv-free medium. Intracellular concentra-
tion of NPV was determined at 0, 60, 120 and 180 min by HPLC. The horizontal
axis shows the incubation time in min, 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 NFY 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 MDR1I 3435 genotypes
on the response to treatment, we assessed increase in
CD4 cell counts and viral suppression in 21 patients
after initiation of HAART. Ar first, we hoped to
analyse data obrained from a group of patients
receiving NFV alone as a PI, bur could not, due to the
small number of NFV-receiving patients. Thus, we
carried out the analysis in those patients receiving Pls
including NFV  (»#=11), indinavir (n=4) and
saquinavir/lopinavir/ritonavir (rn=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 5A) 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 1T 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 5C). We suspected that MDR1 1236 T/T
was associated with a higher rate of recovery of CD4
cell counts for patients receiving HAART with PI. 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 MDRI 2677 genotypes (Figures
5B and éB).

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 792 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 MIDR1
1236 (exon 12} and MDRI 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 MDRI 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 thar 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 min and 180 min. This difference was
statistically significant (P=0.04 and 0.02, respectively:
Mann-Whitney U-test; Figure 4). In contrast, in the
retrospective evaluation of 21 HIV-positive patients
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Figure 5. Increase in CD4 cell count among patients with the
various genotypes of MDR1 during antiretroviral treatment

SNPs in MDR1 ang HIV protease inhibitors

Figure 6. Suppression of viraemia among patients with
various genotypes of MOR1 after antiretroviral treatment
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receiving Pls, we failed to observe a sratistical differ-
ence in CD4 cel] counts and viral suppression among
patients with different MDRI 3435 SNPs (Figures 5A
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 MDRI 1236
C/C genotype (Figure 5C). The contribution of genetic
varfations in the MDRI 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 in vitro data depart from
what has been ohserved in iz vivo measurements of NFV
in patients [12,20] 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 artifictal medium. Therefore, our in
vitro data should be considered as such, that is, i vivo
lymphocytes may be unlikely to have this high intracel-
lular to extracellular concentration ratio (250:1).

We observed an association of slower efflux of NFV
in vitro with the T/T genotype at MDRI 3435. In fact,
P-gp has been found to export Pls from lymphocyres
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 assoctation is that the T/T genotype at MDRI
3435 renders MDRI mRNA unstable in the cell.
Another possible explanation for the association is that
MIDR1 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 MDRI 3435 SNPs are in linkage disequilibrium
with a polymorphism(s) elsewhere in the genome thar
modifies MDRI expression or function [3,12].

Although an in vitro study showed that the velocity
of NFV efflux in patients’ LCLs with the MDR1 3435
T/T genotype was slower than thar with the C/C geno-
type, we failed to observe a statistical difference in
CD4 cell counts and viral suppression among patients
with different MDRI 3435 genotypes (Figures SA and
6A). Four equally possible accounts seem to explain
this discrepancy. Firstly, since the C/C genorype at
MDRI 3435 is also correlated with higher expression
of P-gp in intestinal epithelial cells that adsorb Pis, the
MDR1 3435 C/C is likely to be associated with higher
absorption of PIs and higher P! 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
(=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 Pls 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 MDRI 3435, we
observed a marginal but statistically significant associ-
ation of the MDR] 1236 SNP with the CD4 cell count
increase although this SNP is a silent muration. To our
knowledge, this clinical association of MDRI 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 MDRI
affect the clinical course during antiretroviral therapy
with PIs and the prognosis of infected parients.
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Changes in prevalence and patterns
of drug resistant mutations in
Japan — summary of nationwide
HIV-1 drug resistance surveillance
study (1996 to 2003) in Japan
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M Hamatake', T Ueda', M Fujino', K Yamada®
and N Yamamoto'

1 AIDS Research Center, National tnstitute of Infectious Diseases,
Tokyo, Japan; and 2 Japanese Foundation for AIDS Prevention,
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BACKGROUND AND OBJECTIVE: Antiretroviral
treatment situation in Japan has been similar to other
Western countries, zidovudine became available in
1987 and HAART was introduced in 1997, As has
been widely reported, HAART has improved the prog-
nosis of HIV/AIDS significantly. However, treatment
failure due to antiretroviral drug resistance is a critical
issue that must be overcome. We started HIV drug
resistance genotyping in 1996 to support the treat-
ment, and also to understand prevalence and patterns
of HIV drug resistance. Here we present a summary of
our 7-year surveillance study of HIV drug resistance in

Japan.

METHODS: HIV/AIDS patient blood samples sent to
our laboratory from November 1996 to December

2003 were analysed. Drug resistance genotyping was

performed using in-bouse protocol. Briefly, HIV-1
RINA was extracted from patient serum, and protease
and reverse transcriptase fragments were amplified and
sequenced. Drug resistance mutations were defined
according to IAS-USA drug resistance mutation list.

RESULTS: During the study period, 5561 samples
from 1156 HIV/AIDS patients were collected and
analysed. The prevalence of NRTI resistance was 45%
in the beginning of our study, and remained at
40-45% for throughout the study period. In contrast,
the prevalence of PI resistance increased dramatically.
There was no resistance case in 1996, but it increased
up 10 35% in 2000. Subsequently, PI resistance fre-
quency decreased in 2001 to 2002, and reciprocally
the prevalence of NNRTI increased from 5% in 2000
t0 15% in 2002. The data appears to reflect the avail-
ability and trends of antiretroviral treatment in Japan.

XI tnternational HIV Drug Resistance Workshop: Basic Principles and Clinical implications

Canary Islands, Spain §-12 June 2004

Pl was approved in 1997, prescriptions increased
thereafter, and the increase in PI resistance matched
this progression. Subsequent changes in the prevalence
of DI resistance and NNRTI resistance coincided with
the availability of efavirenz, which was approved in

2000 and experienced increased use as a replacement
for Pls in HAART.

CONCLUSION: Qur data demonstrates significant
increase of HIV drug resistance i these 7 years.
Further continuation of the surveillance is necessaty
not only to understand epidemiological status, but also
to find effective strategy to overcome the HIV drug
resistance issue.
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Novel small-molecule compounds
which inhibit strand transfer
activity of HIV-1 integrase

H Yan', T Chiba', Y Kitamura®, M Nishizawa’,
M Fujino’, N Yamamoto® and W Sugiura’

1 AIDS Research Center, NID, Tokyo, lapan; and 2 Division of
Infectious Diseases, Institute of Medical Science, University of
Tokyo, Japan

OBJECTIVE: Integration of the proviral DNA into the
host genome is essential event in the human
immunodeficiency virus type 1 (HIV-1) replication life
cycle. Therefore, integrase (IN}, which plays cruocial
role in this integration event, has been the attractive
target of anti-HIV drugs. Up to now, a number of
inhibitory compounds have been reported, yet none
has been successful in clinical treatment usage. In this
study we attempted to find new IN inhibitory com-
pounds, and screened a small molecule-compound
library.

METHODS: In-house strand-transfer assay was con-
structed to screen IN inhibitory compounds. In brief,
biotinylated 31 bp donor DNA was mixed with recom-
binant IN, followed by incubation with digoxigenin
(DIG), labelled 29 bp target DNA and the test com-
pound. After 1 h incubation ar 37°C, integrared prod-
uct was captured by streptavidin-coated 96 well plate,
and quantified by alkaline phosphatase-conjugated
anti-DIG antibody and CSPD chemiluminescence
detection system. Lineweaver-Burk plot analyses and
intercalation assays were performed to clanfy the
mechanism of inhibitions. To evaluate in vitro virus
replication suppressions, single replication assays using
Hel.a/CD4/LTR-EGFP cell line were performed.

RESULTS: We tested 12000 small-molecule com-
pounds and discovered one compound, carbazole deriv-
ative, with potent strand-transfer inhibitory acrivity. To
analyse structural determinants of the srrand transfer
inhibitory activity, we chemically synthesized 15 derjv-
atives with different side chains on the carbazole struc-
tural backbone. Among these 15 compounds, eight
derivatives have shown potent strand-transfer inhibi-
tions. IC, s of these eight compounds ranged from 0.78
t0 5.3 pM. The result of Lineweaver-Burk plot analyses
indicated the carbazole derivatives as competitive
inhibitor of strand transfer. No intercalation activities

56
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were observed, Tn HeLa/CD4/LTR-EGFP cell culture
assay, IC_s of the eight compounds ranged from 0.49
to 1.92 pM. However, these eight derivatives demon-

_ strated cyrotoxicity (CC =1.97 to 5.04 pM) in this

HelLa cell cuiture.

CONCLUSION: We have successfully found novel
small-molecule IN inhibitory compounds carbazole
derivatives. Though their strong cytotoxicity may limit
carbazole derivatives to be used in clinical at this
moment, it can be the lead compound for developing
novel IN inhibitors. In addition, analysing IN inhibitory
mechanisms of carbazole may give more detailed
information of HIV-1 IN structure and funcnon.
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Abstract

GM-CSF is believed to be an essential factor for growth and differentiation of myeloid dendritic cells (DC). Employing a low-
density fraction of rat bone marrow cells, we attempted to generate DC with human Flt-3/Flk-2 and IL-6. In this culture systeni,
typical DC gradually appeared without exogenous GM-CSF supplement. Phenotypes and [unctions of the DC were examined. Evi-
dence provided that the most efficient long-term outgrowth of DC progenitors was oblained by GM-CSF independent culture sys-
tems with the aid of FIt3/Flk-2 and IL-6, not with.c-kit ligand and IL-6. Furthermore, CD103 (OX-62), which is widely used for rat
DC separation, was found to be insufficient for enriching DC, due to the down-regulation of the marker. However, the most efficient
selection of rat DC was made by CD161a (NKR-P1A), a C-type lectin family. The GM-CSF independent DC was functionally active

in vitro as well as in vivo assays.
© 2004 Elsevier Inc. All rights reserved.

Keywords: Rat dendritic cell; GM-CSF; IL-4; TNFo; c-kit ligand; Fl3/Flk2 ligand; [L-4; APC; CDI6la

1. Introduction

Klinkert and Bowers [1,2] first described a method to
generate specialized antigen presenting cells (APC), den-
dritic cells (DC) [3), and/or veiled-type cells (VC) [4]
from low-density fraction of bone marrow cells under
a serum free or conditioned medium. DC are known
to bear distinguishing morphology and distinct pheno-
lypes from various types of macrophage (M) popula-

* This study was supported by a2 Research Grant from the Ministry
of Health and Welfare of Japan, a Grant-in-Aid from the Ministry of
Education. Science and Culture of Japan, and the Human Science
Foundation of Japan,
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tions judged by their phenotypic characteristics [5-7].
Nevertheless, DC are generally difficult to obtain in 2
substantially targe number for many experimental pur-
poses, due to their paucity in the peripheral lymphoid
tissues. In this regard, however, Steinman and his col-
leagues reportedly generated a substantially large num-
ber of DC with an in vitro system employing
granulocyte-macrophage  colony-stimulating  factor
(GM-CSF). Hence, GM-CSF was believed to support
both growth and differentiation from DC-precursor
and/or its progeny in mouse BMC and peripheral blood,
respectively [8,9]. Additionally, it has also been reported
that co-stimulatory factors such as tumor necrosis factor
{TNF-2) [10,11] and/or IL-4 were also effective in
enhancing human DC induction from BMC culture.
Furthermore, it has been shown that pure human DC
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colony was generated from CD34+ cells by additional
cytokines such as c-kit ligand with GM-CSF and
TNF-o for a long-term BMC culiure [12].

DC-like or DC-lineage APC, interstitial DC includ-
ing skin Langerhans cells, found in many non-iymphoid
tissues {13}, is believed to play a primary role in initiating
Immune responses accompanying transplanted tissues
and organs. However, inasmuch as the most, il not ail,
DC or DC-related APC are derived from hematoge-
neous organs such as BMC, it is important to determine
the crucial cytokine that mduces cell growth, differentia-
tion and migration of DC from its BMC progeny. In
particular, the presence of GM-CSF independent DC
subset was demonstrated [14] Heretofore, subsets of
the DC, myeloid, [ymphoid, andfor plasmacyioid DC,
have been proposed by their phenotypes, differential
function to produce specific cytokines, and their growth
requirements {14,15). Thus, it is important to identify a
specific factor and a general principle to induce growth
and differentiation of DC from their progenitor.

DC play an important role in cellular immunity.
However, obtaining a large number of DC for experi-
mental as well as clinical settings requires multi-step sep-
aralions and time-consuming processes. Thus, it is
necessary to establish a simple and efficient culture sys-
tem to generate a large number of well-characterized DC
s0 that wide audiences in cellular immunclogy as well as
clinical medicine are able to use the DC for their
applications.

In this study, we examined recombinant cytokines
including GM-CSF and IL-4 to induce the growth
and/or differentiation of DC precursors in rat BMC.
Furthermore, using Flt-3/F1k-2 and c-kit ligand known
as hematopoietic cell growth factors (type 111 membra-
nous tyrosine kinase), with IL-6, we also attempted to
determine a minimal requirement to increase the fre-
quency of DC precursor(s) from hematopoietic stem
cells to obtain a practical amount of functionally mature
DC from rat BMC culture systems,

Our study demonstrates that unlike mouse systems,
GM-CSF per se was not able to support a meaningful
growth of rat DC progenitor in BMC, regardless of
the cytokine sources, murine, or human. However, we
did obtain the outgrowth of the precursors that con-
tained DC progenitors by 1000-fold with combined
cytokines, either Flt-3/Flk-2ligand with IL-6 or c-kit hi-
gand (stem cell factor: SCF) with IL-6, the lormer com-
bination produced far better vields than the latter in
terms of outgrowing PC-committed progenitor cells.
Thus, a relatively large number of rat DC was obtained
from the single step long-term {1wo or more months)
BMC culture without the multi-step and time consum-
ing processes of BMC. Furthermore, our study provided
evidence that GM-CSF, TNF-4, and IL-4 promote dif-
ferentiation of DC and hence down-regulate the growth
of DC progenitors.

2. Materials and methods
2.1, Animals

Inbred strain of male and female rats that include
LEW (MHC: RTILl), DA (MHC: RTlavl), PVG
(MHC: RTIlc) and its hybrid (DA xLEW) FIl,
(LEW x PVG) Fl as well as recombinant strain of
PVG.IU {(MHC: RT1u) where PVG background and
its MHC was derived from WF (MHC: RTlu), were
originally obtained from Harlan Olac {Blackthorn, Bic-
ester, England). C57BL/6 (MHC: H-2b) mice were ob-
tained from Tokyo Expenmental Animal (Tokyo,
Japan}. Animals were maintained in our animal facility
under the specific pathogen free.

2.2. Reagents

Monoclonal antibodies {mAbs) that included mouse
anti-rat  FITC-CDI103 (MRC-0X62), PE-CD103
(MRC-0X62) used for specific rat DC marker [16] were
purchased from Serotec Bioproduct, UK {Dainippon
Pharmaceutical, Osaka, Japan). Likewise, mouse anti-rat
FITC-CD3, FITC-CD4, PE-CD4, FITC-CD8, PE-CDS,
FITC-CD80, FITC-CD86, PE-CDl6la {NKR-PIA)
were purchased from BD Immunocytometry products
{BD Pharmingen International, Fujisawa Pharmaceuti-
cal, Osaka, Japan), respectively. Mouse anti-rat hybrid-
oma cloned cell lines that included anti-rat class I
(MRC-0X18), class 1T (MRC-OX6, MRC-0X3), ED-
1, ED-2, TeR (R73), CD3, W3/25, MRC-0OX35, MRC-
0OX38 (CD4), MRC-OX8 (CD8), MRC-0X39 (CD25),
MRC-0X26 (CD71), MRC-OX7 (CD90), MRC-0X43,
HIS24 (CD45R, mouse CD45R/B220 e¢quivalent) were
obtained from European Collection of Animal Cell Cul-
tures {Salisbury, United Kingdom). Hybridoma cell line
[A-29 (mouse anti-rat CD54) was donated from Dr.
Masayuki Miyasaka (Osaka University, Osaka, Japan),
and 3H5 {mouse ant-rat CD30), 24F (mouse ant-rat
CDEg6) were generously provided by Dr. Hideo Yagita
(Juntendo University, Tokyo, Japan), respectively.

Cytokines that included recombinant mouse and hu-
man GM-CSF, human I1.-6 were generously supplied by
Kirin Brewer (Maebashi, Gunma, Japan). Likewise, re-
combinant rat c-kit ligand (SCF) was generously pro-
vided by Amgen {Thousand Qaks, CA). Recombinant
rat IL-2 and IL-4 were purchased from R&D Systems,
USA (Funakoshi, Tokyo, Japan). Recombinant human
FIt3/Flk2 ligand, rat GM-CSF were purchased from
PeproTech, USA (IBL, Gunma, Japan).

2.3. Culture medium
Medium for primary cell preparation was performed

by Dulbecco’s phosphate-buffered  saline (D-PBS)
(DAB, OXOID, Basingstoke, Hampshire, UK).



H. Yan et al | Cellular frmmunology 229 (2004} 117-129 119

For cell cultures, different medium with or without
serum (felal bovine serum: FBS) were employed.

{1) Serum-free RPMI1640 containing 25mM Hepes
(Whittaker, Walkersville, MD) supplemented with
2mM L-glutamine and antibiotics was used io
determine the effect of single cytokine on the
growth of BMC. '

(2) For screening purpose to analyze the effects of com-
bined cytokines, complete medium (CM) RPMI1640
supplemented with 10% FBS (Hyclone, Logan, UT),
2-mercaptoethanol (5x 107> M), 2 mM L-glutamine
and antibiotics was employed.

(3) For generating a large scale of DC from a long-term
culture of rat BMC, GIT (NIHON Pharmaceutical,
Tokyo, Japan) supplemented with 2 mM L-gluta-
mine, and antibiotics without 2-mercaptoethanol
was employed. This medium was already supple-
mented with well conditioned-serum components.

(4) For mixed lymphocyte culture (MLC), complete
medium (CM) RPMI1640 supplemented with 2.5%
LEW rat or 10% FBS (Hyclone, Logan, UT), 2-
mercaptoethanol (5x 1073 M), 2mM L-glutamine,
and antibiotics was emiployed.

2.4. Cell preparation

Suspensions of spleen, lymph node, thoracic duct
lymphocytes (TDL), and BMC were prepared according
to standard procedures [17]

2.5. Preparation of lectin-free conditioned medium

Conditioned medium was prepared according to the
method by Kilinkert [2], as described before [5], with
several modifications. In brief, spleen cells from LEW
rat was stimulated by Concanavalin A {Con A) for
2 h, and were further incubated for 120 h after washing
out residual Con A.

2.6. Examination of cytokines

Ten to 10,000 units of recombinant murine
{mouse, rat) and human GM-CSF or 15% of the
conditioned medium was employed in 1.5 ml RPMI-
1640  medium  supplemented with 10% FCS,
5x107°M of 2-mercaptoethanol, 2mM L-glutamine
and antibiotics. The initial cell dose was 7.5x10°
cells/1.5ml and cultured in 24-well plates (Nunc,
Naperville, IL).

To examine Lhe effect of single or combined cytokines
on the growth and differentiation of DC from BMC,
RPMI-1640 medium supplemented with 10% FBS, 2-
mercaptoethanol (5x 107° M), 2mM L-glutamine and
“antiblotic was used.

2.7. Cell surface analysis by flow cytometry

An aliquot of cell suspension was stained with mono-
clonal antibodies and analyzed by flow cytometry using
a FACScan (Becton Dickinson Immunocytometry Sys-
tems, San Jose, CA). :

2.8. Cell separation by autoMACS systems

According to the manufacturer’s procedures (auto-
MACS systems: Miltenyi Biotec, Bergisch Gladbach,
Germany), the positive selection of cells was performed.
Briefly, cells were first incubated with FeR blocking anti-
body for 10 min on ice and then stained with PE-conju-
gated monoclonal antibody for 30 min on ice. After two
times washing by D-PBS, the cells were further incubated
with anti-PE magnetic microbeads (107 cells/20 pl, Milte-
nyi Biotec, Bergisch Gladbach, Germany), incubated for
30 min at 4 °C temperature. Cells bound by magnetic-
beads were likewise washed carefully and re-suspended
in 4 ml buffer solution, and followed by magnetic separa-
tion by autoMACS systems.

2.9. Cytospin preparation

To assess the morphological characteristics of prolif- -
erating DC, cytospin preparations of 1x 10° cells were
made in a cytocentrifuge (Shandon, Pittsburgh, PA,
USA) in 800 rpm for 10 min, stained with May—Gruen-
wald and Giemsa (Merck Japan, Tokyo, Japan), and
examined by light microscopy.

2.10. Skin grafting

The procedure of skin grafting was performed
according to standard procedures [18]. In brief, full
thickness of donor male trunk skin was removed and
the skin muscles were trimmed off by a pair of forceps.
Size of the donor skin was 2 x 2.5 cm; approximately
5 cm?. Female recipient’s skin bed was laterally prepared
by trimming off the epidermal layer while keeping the
skin muscle by fine optical scissors. Graft skin was su-
tured, gauzed and bandaged by elastic bandage. Nine
days after skin grafting, the bandage was removed and
inspected by daily bases for first 30 days and at least
twice weekly thereafter.

2.11. Graft versus host {GVH) assay

The popliteal lymph node weight assay [19] was em-
ployed for screening purposes and single dose assays,
were performed, In brief parental donor cell suspensions
were prepared at 10 x 10%/0.1 ml and injected into each
foot pad of 4-6-week-old F1 hybrid. Foliowing the foot
pad-injection, draining popliteal lymph node was ex-
ctsed at day 7 and weighed.
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2.12. Mixed hanphocyte culture

One source of responder LEW T cells was prepared
from LEW rat that had been lethally irradiated
(10 Gy} and subjected to the thoracic duct drainage.
Normal 1.5x 10 LEW TDL consisting of 70-80% T
cells were collected from three to four LEW donors.
After intravenous inoculation of the LEW TDL into
the lethally irradiated syngeneic LEW recipient, we col-
lected the first 8-30 h thoracic duct lymph from the leth-
ally irradiated LEW ral. This population is known to
contain more than 99% T ceils. Tentatively, this T cell
population was labeled as LEW_; gw. The other source
of responder LEW T cells was likewise labeled
LEW_pa. Thus, 1.5 x 10° LEW TDL was injected into
the lethally (10 Gy} irradiated DA rat that had been sub-
jected to similar thoracic duct drainage. This LEW_p,
population is known to be incapable to cause GvH reac-
tivity to DA in vivo as well as MLC reactivity in vitro,
respectively. Employing these responder LEW T cells
(LEW_ pw or LEW_p,) syngeneic MLC as well as
aliogeneic MLC was set up as follows: For syngeneic
MLC, 2 x 10°/0.1 mi responder LEW T cells were stim-
ulated with a graded dosage of syngeneic LEW DC,
from 5x10%/0.1 to 0/0.1 ml cells. Normally, 0.5 pCi
methyl-[*Hjthymidine (Amersham International, Amer-
sham, UK) was added to 25 pl of cell suspension at
day 4 to day 6 in a 6 h pulse. Likewise, for allogeneic
MLC, 2 x 10°/0.1 ml responder LEW T cells were stim-
ulated with a graded dosage of allogeneic DA DC.

Standard deviations of [*H]thymidine incorporation
were determined from a minimum of four replicated mi-
cro-cultures.

2.13. Irradiation

To ensure uniformity of tissue distribution of the
radiation dose, rats were rotated in a Perspex box at
15 rpm around a vertical axis in the horizontal beam
from two-way X-ray irradiation source (MBR-1520A-
TWZ; Hitachi Medico, Tokyo, Japan). The beam was
filtered with shaped lead disks to a dose uniformity
across the beam of >96%. The dose was delivered at
approximately 1 Gy/mm.

3. Results
3.1. Effect of GM-CSF on rat bone marrow cell cultures

Our attempt to generate rat DC by a serum-free med-
ium supplemented with a conditioned medium [5] based
on the early studies [1,2] led 1o a limited amount of DC
recovery, final cell recovery was usually around 0.1% of
total BMC input. Hence, attempis were first made to
determine whether and to what extent single cytokine

GM-CSF is able to increase DC yields in short-term cul-
tures of rat BMC as observed in mouse systems [8). For
this purpose, BMC culture supplemented with single re-
combinant GM-CSF was compared with those employ-
ing serum-free RPMI1640, or those with conditioned
medium,

Un-manipulated whole BMC at 7.5 x 10%/1.5 ml were
cultured for one week. On day 7, free-floating cells were
harvested, and counted under phase-contrast micros-
copy. In this particular experimental setting, unlike
mouse systems, even species-matched GM-CSF was un-
able to generate a significant increase of rat DC recov-
ery, as shown in Fig. 1A. Although we examined a
wide range of GM-CSF concentrations from 1 to
1000 ng/ml, the results were not significantly altered,
and fina! DC recovery in mouse systems was found to
be, at most, 1.8x10° DC/7.5x10° BMC/well (final
DC recovery was approximately 2.3 & 0.4% of the initial
BMC input compared with that of 0.2 4 0.03% in rat
DC recovery). It should be noted that rat GM-CSF
per se has nearly equal activity for granulocyte-macro-
phage (GM) colony formation under an agar culture
system for both mouse and rat BMC, however, the
mouse GM-colony was significantly larger than those
of rats (data not shown), and most of the BMC ap-
peared to proliferate and adhere to the culture dishes.
Despite the growth-promoting activity, final DC recov-
ery by GM-CSF was not as high as was expected.

3.2. Effect of GM-CSF and IL-4 on rat bone marrow cell
cultures and comparison of other putative cytokines for
DC induction

Based on the studies by others, we examined three
sets of culture systems in an effort to seek better culture
systems to obtain a large number of DC from rat BMC
progenitors. Thus, one culture system adopted an FBS-
supplemented RPMI1640 medium containing two cyto-
kine combinations, mouse GM-CSF and rat IL-4 [20).
The other two sets of culture systems were based on
the reports that employed type I membranous tyrosine
kinase, as a growth factor for hematopoietic stem cell, c-
kit ligand or FIt3 ligand. It has been shown that the for-
mer type III membranous tyrosine kinase c-kit ligand
generated pure human DC colony from CD344 cells
of BMC with GM-CSF and TNFx {12}, and the latter
Flt3 ligand IL-6 combinations have been shown as
growth factors for primitive multipotential hematopoi-
etic progenitor cells {21].

The single step of low-density separation method (d;
1.077) was chosen. Inasmuch as our preliminary experi-
ments repeatedly demonstrated that a single step of
two-layers separation which employed two layers of
Ficoll-based separation medium, i.e., the light density
(d; 1.077) medium over the high density (d; 1.094) med-
ium and each layer was cultured separately, resuited in a
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(A) Production of DC with recombinant GM-CSF. (B) Effect of cytokines of BMC cultures and DC induction.

Fig. 1. (A) About 7.5 x 10%/1.5 ml rat bone marrow cells (BMC) and mouse BMC was cultured for one week with recombinant rat GM-CSF and
mouse GM-CSF under various concentrations of GM-CSF under serum free medium, respectively. At day 7, survived, free-floating cells were
harvested and the number of typical veiled shaped DC was counted by phase-contrast microscopy. Each column was expressed by an average of
quadruplicated culture wells. Figure showed representative results of BMC culture employing GM-CSF at the dosage of 20 ng/ml. Left column was
from serum {ree RPMI1640 medium supplemented lectin-free condition medium described in Section 2. Central column expressed final DC recovery
from mouse BMC culture with mouse GM-CSF. Likewise, right column expressed the number of DC rom rat BMC culture supplemented with rat
GM-CSF. {B) 7.5 x 10%/1.5 ml low-density (¢, 1.077) rat bone marrow cells were cultured for two weeks with three different conditions under 10%
FBS supplemented-RPMI 1640 medium. Namely (1) rat GM-CSF (20 ng/ml) and rat IL-4 (10 ng/mF) (2) human Flt3/F1k2 ligand (100 ng/m]) and
human IL-6 {10 ng/ml) (3) rat e-kit ligand (100 ng/ml) and human YL-6 (10 ng/ml). At day 7 and day 14, survived, free-floating cells were harvesied
and the number of typical veiled shaped DC was counted by phase-conirast microscopy, respectively. Totat cells (open column) and content of DC

(shaded column) were compared with each experiment. Each column was expressed by average of quadruplicated culture well.

far higher yield of DC recovery in the low-density frac-
tion of BMC (data not shown).

Thus, the low-density (d; 1.077) rat bone marrow cells
were cultured for two weeks with three different condi-
tions under 10% FBS supplemented RPM1 1640 med-
ium. Namely,

{1} rat GM-CSF and rat IL-4,
{2) human FIt3/Flk2 ligand and human IL-6,
(3) rat c-kit ligand and human IL-6.

At day 7 and day 14, survived, free-floating cells were
harvested and the number of typical veiled shaped DC
was counted by phase-contrast microscopy, respectively.
Total cells and content of DC were compared with each
experiment.

As shown in Fig. 1B, the Flt3/Fik2 ligand with 1L-6-
supplemented culture medium was found to produce the
best recovery of veiled-type DC at [4 days, compared
with other culture conditions. During the course of
BMC culture, the DC recovered by BMC culturing
was often dependent upon FBS regardless of the cyto-
kine concentration. Indeed, DC induction was never
succeeded by a single cytokine such as Flt3/Fik2 without
FBS supplementation (data not shown). Te standardize
and simplify the culture systems and to avoid the lot dif-

ference of FBS, we employed the well-defined culture
medium, GIT supplemented with freshly prepared L-
glutamine and single antibiotics for further study. Under
the conditions, generation of DC from rat BMC ap-
peared to be stable. Thus, we performed phenotypic
and functional analyses with GIT-based culture systems
instead of the RPMI1640 culture medium.

3.3. Histological examination and FACS analysis of DC

Fig. 2A (fresh BMC) depicts representative flow cyto-
metric analysis of low-density BMC, and Fig. 2B (at eight
weeks) depicts that of DC induced by GIT based medium
supplemented with human Flt3 ligand and 1L-6. When
DC were generated by Flt3/Flk2 ligand and IL-6 for
eight-week’s culturing, the most prominent picture was
evidentin anti-CD161a {NKR-PIA), a Ctype lectin fam-
ily [22], which has been described as a marker for rat NK
cells [23). Additionally, anti-CD70 (thyl.l) with two
phases of dull and bright population, CD80 and CD86
of B7 family, and CD34 (ICAM-1) of co-accessory mole-
cules with a single peak, were found to be consistently po-
sitive. By contrast, CD11b/c (MRC-0X42) expressed on
most of the typical M@, and CD45R/B220 (HI1S24) which
is considered to be a counter part of mouse B220, a marker
for plasmacytoid DC, was down-regulated and stained as



122 H. Yan et al | Cellular Inununology 229 {2004) 117-129

<ounts
Counts

A 5 1 # M1
M

Class-1 Class-){
‘Marker BGaled - Marker %Gated
All 10000

All 100.00
Ml 9B.62 . M1 1377 .

Rt T

]
FLEH

g ]—_
<03 at
TCR .
H
i L5
Mo Tt Marker %Gated
M1 .33 Al 100.00
- Ml 473 e Ty T
W ow ot w0t uf
RIH
& 2
CD34 ] Do 1 } w
s E}
£ 5
Murker Gated G kacr%Galcd8
Al 166,00 All 100.00
M1 ooardy ML 6778 o)
() 1 2 3 Cl 0 1 & e
0’ el et et 0% 10 Fi‘fu w10
3 1
ED-1 ED-2 M
3
Masker %eGaled
Marker RiCatod Al 100.00
Ml 5.10 Mt 728 o
° T DY T
FL1H
- I_
CD25 D7 bt
H H
3
Marker FoGated Marker FoGaled
Al 100.00 Al 100.00
M1 398 o M1 67 o
1% et w? ! N DY
LK LK

b3 o
'— -
4 ,/l M CDR I M
w =
4 £
g &
Marker %Gated ¥ Marker %Gated
Al 10000 Al 10000
MI 13.89 Mi 9.57
° °
wh ! a0t et W@ w0t w1
FLH LIH
& | g
M %
CDE0 CD&6
£ t
_ 3 3
%
MA”{IK“ fg;';ad Marker %Gered
Ml 558 o ATy Sl
w0 e w? : W ' et
FLIH FLIH
T, ——— T, —
M1 OX43 3 M1
CD11b/c " o
3 3
Markes %Gated Marker %Gated
Al 100.00 Al 100.00
M1 1218 . Ml 2128
0 1 4
L T T/ T LT} ol 10?10 s
s LU A
2 g
M l [
OXé62 - CD161a
(CD103) g §
L+3 E
Marker FGaed Markcer %Gated
Al 10000 Al 100.00
M1 4.36 o M1 2019 o
T S S 5 et Lo i e
R1H FL1H
k=1
His24 L
{B220) -
£
<
Marker HGated
Al 160.00
o
ME o 236 10" ' wd i a0t

FL1H

Fig. 2. (A} Cell surface phenotypes of LEW (resh bone marrow cells (BMC) analyzed by various mAbs which are related with antigen presenting
cells (APC). These include mAbs specific for class I (MRC-OX18), class I (MRC-0OX6) and co-accessory molecules for B7.1 (CD80), B7.2 (CD88)
and for functional cell surface molecules of M for complement CD1 1y, and CD161a (NKR-P1A) of the C-type lectin family expressed on NK cells.
(B} Cell surface phenotypes of outgrowing DC derived from LEW bone marrow cell cultures for eight weeks supplemented with human Fli3/F1k2
and human IL-6, were analyzed by various mAbs with a unique and restricted region where DC accumulated. Antibodies vsed are mainly concerning
with antigen presenting cells (APC). These include mAbs specific for class I (MRC-0X18), class I (MRC-OX6) and co-accessory molecules for
ICAM-1 (CD54), B7.1 (CD80), B7.2 (CD86) and for functional cell surface molecules of M for complement CD11y and one of the C-type lectin
family expressed on NK cells, CD161a (NKRPIA). Rat DC specific MRC-OX62 (CD103), rat M specific CD4, CD1 1y, ED1, ED2, OX43 were al)
negative or extremely dull. Consistent finding was most of DC under the culture conditions expressed CD161a (NKR-P1A} at a relatively high Jevel,
(C} Representative flowcytometric analysis of cell surface markers of outgrowing DC derived from LEW BMC; BMC cuitures supplemented with
human Fit3/FIk2 and human IL-6 at two weeks and three weeks, were positively selected by AutoMACS cell separation systems with PE-CDI161a
(NKR-PIA} and anti-PE micromagnetic beads described in Section 2. Cells were analyzed by various FITC-mAbs. Antibodies used are mainly
concerning with antigen presenting cells (APC). These include mAbs specific for class 1T (MRC-OX6) and co-accessory molecules for B7.2 (CD86)
and for functional cell surface molecules of CD1 1y (MRC-0X42) and rat DC specific MRC-0X62 (CD103), CD4 specific for a subset of rat M as
well as CD8. Consistent finding was that most of CD103+ (MRC-0X62) DC, if not all, was down-regulated or lost the marker during the extended

culture and hence became dull or null (see B).

nearly null cells. As {or the CD4 as well as CD8 that has
been used to define Jymphoid DC in splenic and thymic
Iymphoid DC in mice, likewise, not expressed. Further-
more, unlike co-accessory molecules that appeared to be
up-regulated during the culture, CD103 (OX-62) which
has been widely used for one of the rat DC specific marker
was found to be down-regulated during the culture (Fig.
2C, at two weeks vs. at three weeks, and B).

Based on these profiles, positive selection of fully ma-
ture DC by CD34, CD71, CD80, CD86, andfor CD161a

was considered for final purification of DC. Neverthe-
less, inasmuch as co-accessory molecules such as
CD54, CDS0 and CD36 play important roles in T cell
activation, use of these markers {or DC separation
may not be suitable for the subsequent examination of
purified DC as APC in in vitro as well as in vivo studies.
Therefore, a population of CD161a™ DC was enriched
in high purity (>98%) by automatic cell separation sys-
tem as described in Section 2. Their functional aspect
as antigen-presenting cells {APC) were analyzed in the



