a L428 KMH2 1540 HDLM2 b

DHMEQ () (+) () (+) () () () () DHMEQ
Activated ﬁ

NF-xBDolld 8 = W B3
KMH2
L540

A

Oct11b*&‘.‘t'uniiilk‘h‘

c KMH2 }0 1 234 ? 816‘h) d

NF-KB

Oct-1 P

L540

NF-xB-p»

Oct-1

Figure 3 DHMEQ suppresses constitutive NF-xB activity in H-RS cell lines.
(a) Inhibition of constitutive NF-xB-binding activity in H-RS cell lines. H-RS
cell lines, L428, KMH2, L540 and HDLM2, were treated with (+) or without
(—) 10 ug/ml of DHMEQ for 7 h. Nuclear extracts (2 ug) were examined for
NF-xB binding activity by EMSA with a radiolabeled NF-xB specific probe.
The upper panel shows inhibition of NF-xB-binding activity by DHMEQ. The
lower panel shows results of EMSA with a control probe, Oct-1. The position
of shifted bands corresponding to NF-xB and free probes are indicated on
the left. (b) Accumulation of active NF-xB p65 in the cytoplasm after
DHMEQ treatment. KMH2 and L540 cells were treated with or without

10 ug/ml of DHMEQ for 6 h. Confocal immunofluorescence microscopic
analysis was carried out on cytospin samples stained with antibody against
active NF-xB p65. () Time-course studies of NF-xB inhibition by DHMEQ.
KMH2 and L540 cells were treated with 10 ug/ml of DHMEQ for indicated
hours. Nuclear extracts (2 1ig) were examined for NF-xB-binding activity
by EMSA with a radiolabeled NF-xB-specific probe. EMSA with Oct-1
served as control. (d) NF-xB subcomponent analysis in H-RS cell lines.
Subcomponents of NF-xB constitutively activated in H-RS cell lines

were determined by supershift analysis. Nuclear extracts (2 ug) of untreated
H-RS cell lines were subjected to supershift analysis with antibodies specific
for c-Rel, NF-xB p50 and NF-xB p65. Cell lines used are indicated on

the left.

second and third panels). To confirm this, we next studied
whether inhibitors of caspase 3, 8 and 9 can inhibit DHMEQ-
induced apoptosis. The results demonstrated significant al-
leviation of apoptosis in the cells treated by these inhibitors,
although inhibition of apoptosis was not complete (Figure
5b). These results suggested that the apoptosis induced by
DHMEQ is mediated by both membranous and mitochon-
drial caspase pathways.
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Figure 4 DHMEQ induces apoptosis of H-RS cell lines. (a) Dose-dependent
reduction of cell viabilities of H-RS cell lines treated with DHMEQ. H-RS
cell lines; L428, KMH2, L540 and HDLM2 as well as PBMC were treated
with indicated concentrations of DHMEQ for 48 h. Cell viabilities were
determined by MTT assay. Data represent the mean +s.d. of three
independent experiments. (b) Flow cytometric analysis of Annexin V-
reactive cells. L428 and KMH2 cells were treated with 20 ug/ml of DHMEQ
for indicated hours. L540 and HDLM2 cells were treated with 10 ug/ml of
DHMEQ. PBMC were treated with 20 ug/ml of DHMEQ. After labeling with
FITC-conjugated Annexin V, cells were analyzed by flow cytometry. Data
represent the mean +s.d. of three independent experiments. (c) Nuclear
fragmentation of cells treated with DHMEQ. Cells were treated with the
same concentration of DHMEQ used in the detection of Annexin V reactive
cells for 48 h and stained with 10 uM Hoechst 33342. Cells used are
indicated above.

Recent reports indicate frequent expression of anti-apop-
totic genes Bcl-xL and c¢-FLIP whose constitutive induction
are critically involved in anti-apoptotic activity in H-RS
cells.”'** Bcl-xL and c-FLIP antagonize mitochondrial and
membranous caspase activities.”> We next examined changes
in their expression upon DHMEQ treatment by Northern
blotting and immunohistochemistry. The result confirmed
downregulation of Bcl-xL and ¢-FLIP mRNAs (Figure 5c¢).
We also examined the protein expression of Bcl-xL and
¢-FLIP by immunofluorescence confocal microscopy. The
results clearly showed downregulation of expression of these
proteins (Figure 5d). Taken together, these data confirmed
that DHMEQ induced apoptosis of H-RS cell lines is
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Figure 5 DHMEQ-induced apoptosis of H-RS cell lines involves activation of membranous and mitochondrial caspase pathways and downregulation of
¢-FLIP and BclxL. (a) Immunoblot analyses of caspase -3, -8 and -9. L540 cells were treated with 10 zg/ml of DHMEQ and KMH2 cells were treated of 20 ug/ml
with DHMEQ for indicated hours. 30 ;g of whole cell lysates were subjected to the analysis. (b) Inhibition of DHMEQ induced apoptoesis by blockade of
caspase-3, -8 and -9 activities in KMH2 cells. Before the incubation with 15 ug/ml of DHMEQ, KMH2 cells were treated with 50 uM of caspase 3 inhibitor
z-DEVD-FMK, caspase 8 inhibitor z-IETD-FMK or caspase 9 inhibitor z-LEHD-FMK. After 12 h of treatment with DHMEQ, cells were analyzed by MTT assay. -
Csp, anti-caspase. (¢) The expression of BclxL and c-FLIP mRNA. L428 and L540 cells were treated with or without 10 ug/ml of DHMEQ for 16 h. The
expression of BclxL and ¢-FLIP was examined by Northern blot analysis, using RT-PCR amplified fragments as probes. Two microgramof poly (A)-selected
RNA were subjected to the analysis. Results of Northern blot analyses are shown on the left. Expression of GAPDH served as a control. Quantification of
relative levels of expression is shown on the right. GAPDH signals were measured by densitometry and the values were used to normalize the levels of
densitometric quantification of Bel-xL and ¢-FLIP mRNA expression in L428 and L540 cells. The relative expression levels of treated samples are expressed as
percentages of those of untreated ones, which are set to 100%. (d) Expression of Bcl-xL and c-FLIP proteins involved in anti-apoptosis. 1428 and L540 cells
were treated with or without 10 ug/ml of DHMEQ for 16 h. Cells were spun by centrifugation onto glass coverslips and stained with antibodies specific for
BelxL and c-FLIP and observed with fluorescence confocal microscopy. Expression of x-tubulin served as control.

inoculation (Figure 6a). A significant decrease in the size and
weight of tumors in mice treated with DHMEQ was
demonstrated when compared with controls at 1 month
(Figure 6b). DHMEQ also inhibited the size and growth of

mediated via mitochondrial and membranous pathway,
which are accompanied by downregulation of Bel-xL and
c-FLIP.

DHMEQ Shows a Potent Inhibitory Effect on the Growth
of H-RS Cells in NOG Mice Model

As the above results suggested potential efficacy of DHMEQ
for the treatment of patients with HL by inhibiting con-
stitutive NF-xB activity, we next examined whether DHMEQ
treatment can suppress growth of xenografted H-RS cells in
the NOG mice model. As expected, DHMEQ treatment
resulted in reduction of the tumor mass at 1 month after
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tumors established by inoculation of 1540 and KMH2 cells,
indicating that the action of DHMEQ is independent of lack
of wild-type IxBu as is expected by experiments in vitro
(Figure 6¢ and d). DHMEQ at this treatment dosage (12 mg/
kg of DHMEQ, three times a week for I month) is well
tolerated without adverse findings such as weight loss or
cachexia of treated mice. As expected, microscopic analysis
of tumors revealed apoptotic cells in specimens from
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DHMEQ-treated mice (Figure 6¢e). These results suggest that
DHMEQ contributes to the reduction of HL tumors in-
dependent of lack of IxBx in mice model.

DHMEQ Enhances Anti-Tumor Effect of Topoisomerase
Inhibitors by Blocking Inducible NF-xB in H-RS Cells
We next examined the effects of DHMEQ on NF-xB activity
induced by topoisomerase inhibitors in KMH2 cells. Treat-
ment by DHMEQ almost completely abrogated both con-
stitutive and inducible NF-«B activities (Figure 7a). Analysis
by confocal microscopy revealed accumulation of active form
of NF-«B p65 in the cytoplasm of KMH2 cells treated with
SN-38 and DHMEQ, supporting the notion that DHMEQ
inhibits these NF-xB at the level of translocation into the
nucleus (Figure 7b).
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We next examined whether topoisomerase inhibitors and
DHMEQ show enhanced anti-tumor effects in H-RS cell
lines. We incubated KMH2 cells with sublethal concentra-
tions of SN-38 with or without 10 ug/ml of DHMEQ for 48 h.
The viability of the cells was measured by MTT assay.
Combination of DHMEQ and SN-38 showed enhanced effect
in the reduction of cell viability of KMH2 cells (Figure 7c left
panel). Other topoisomerase inhibitors, daunorubicin and
etoposide also revealed almost the same effects (Figure 7c
middle and right panel).

To explore whether the combined effects result in en-
hanced induction of apoptosis, we examined expression of
Annexin V, a marker for the early stage of apoptosis, and
nuclear fragmentation of KMH2 cells. In each combination
with one of three topoisomerase inhibitors, DHMEQ treat-
ment enhanced Annexin V staining (Figure 7d) and frag-
mentation or condensation of the nuclei (Figure 7e).
DHMEQ also enhanced SN-38-induced activation of caspase
3 in L428 cells (Figure 7f). These observations indicate that
blockade of inducible NF-xB by DHMEQ enhances the anti-
tumor effects of topoisomerase inhibitors in H-RS cells.

DISCUSSION _

In this study, we showed that although the NF-«B level of
H-RS cell is very high, topoisomerase inhibitors further
stimulated NF-«B activity through IKK activation in not only
H-RS cell lines with wild-type IxBux, but also H-RS cell lines
with defective IxBo. We presented the supportive evidence
that IxBf is involved in NF-xB induction in H-RS cells. We
also showed that a new NF-xB inhibitor, DHMEQ-enhanced
cytotoxicity of topoisomerase inhibitors by inhibiting in-
ducible NF-«B, independent of the presence or absence of
IxBo, mutations in H-RS cell lines. The results suggest that
constitutive and inducible NF-«xB are appropriate molecular
targets for the treatment of HL, and DHMEQ is a suitable
compound to target these NF-xB.

<
Figure 6 Effects of DHMEQ on H-RS cell lines inoculated in NOG mice. A
total of 1 107 cells were inoculated in the post-auricular region of NOG
mice. For the treatment group, 12mg/kg of DHMEQ was administered
intraperitoneally three times a week for 1 month, beginning on either day 0
or day 5 when tumors were palpable and established. The control mice
received RPMI 1640 (200 pl) simultaneously. (a) Gross appearance of the
mice with (right) or without (left) DHMEQ treatment. Macroscopic images of
subcutaneous tumors formed by L540 and those resected from mice with
(right) or without (left) DHMEQ treatment, which began on day 0. (b) Size
and weight of the resected tumors were measured and represented as bar
graphs. Data represent the mean+s.d. from six mice. (¢ and d) Effects of
DHMEQ on established tumors. L540 cells (¢) and KMH2 cells (d) were used
for the experiments. Size of tumors was measured and represented as bar
graphs. Data represent the mean +s.d. from four mice. (e) Growth
inhibitory effect of DHMEQ on L540 cells is accompanied by apoptosis.
Microscopic images of HE-stained tumor tissues of mice with or without
DHMEQ treatment (right and left, respectively) revealed apoptotic cells in
DHMEQ-treated mice.
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Activation of IKK and IxBx upon NF-xB induction by  existing signaling pathway that starts from the nucleus at the
topoisomerase inhibitors has been well-documented.'>'*  level of DNA strand breaks to end up in the cytosol at the
Topoisomerase inhibitors are thought to mobilize a pre- IKK complex. Several candidate molecules such as ATM
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26,27

and DNA-PK involved in this step have been reported.
A previous study excluded involvement of an autocrine NF-
xB activator synthesized by stimulation of topoisomerase
inhibitors.”> Transient activation of IKK and NF-xB by
topoisomerase inhibitors in H-RS cell lines indicates that
similar kind of activation pathway also operates in H-RS cells
having strong and constitutive NF-«xB activity.

About 10-20% of H-RS cells are reported to harbor het-
ero- or homo-genetic alteration of IxBx genes resulting in the
production of defective IxBa lacking C-terminal domain
unable to bind with NF-xB. Lack of wild-type IxBuz by IxBa
mutations has been reported to one of the causes of con-
stitutive NF-xB activation in H-RS cells.”™ If IxBo: is the only
molecule that regulates NF-xB in H-RS cells, lack of wild-
type IxBo may cause deregulated activation of NF-xB in-
dependent of upstream IKK signals. However, IKK-mediated
induction of NF-«B by topoisomerase inhibitors in H-RS cell
lines lacking wild-type IxBo suggests the existence of other
molecules that regulate NF-xB activity by substitution for
IxBo. Our previous result that adenovirus-mediated trans-
duction of decoy CD30 lacking the cytoplasmic domain in-
hibits NF-xB activity and the recent report that proteasome
inhibitor P§341 induces apoptosis in H-RS cell lines lacking
wild-type IxBe, support the above hypothesis.*** The results
in this study indicate that IxBf is involved in NE-xB acti-
vation in H-RS cells and 1xBf substitutes for IxBa in H-RS
cells lacking wild-type IxBe. Functional redundancy and
similar kinetics of activities of IxBx and IxBf reported
previously also support the above notion."”

The results obtained in this study suggest that not only
constitutive, but also inducible NF-xB activities are good
molecular targets of HL treatment. The results confirmed
that topoisomerase inhibitors, SN-38,. daunorubicin and
etoposide can further induce transient NF-xB activation in
addition to the basal strong and constitutive NF-xB activity
in H-RS cell lines. Previous studies showed that stimulation
of H-RS cell lines by TNF family members; CD40L or TNF
cannot enhance NF-xB activity.>® These observations in-
dicate that in H-RS cells, signals from TNF receptor family

<
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members to IKK complex, which are mediated by TRAF
proteins, are fully active, whereas IKK complex is still re-
sponsible for TRAF-independent stimulation. The demon-
stration that DHMEQ enhanced effects of topoisomerase
inhibitors by blocking inducible NF-xB, suggests that in-
ducible NF-xB blunts the effects of topoisomerase inhibitors
in H-RS cells and DHMEQ can restore this effect.

Blockade of NF-xB is evident at 1 h and thereafter (Figure
3¢), apoptosis induction was at a relatively late event after
DHMEQ treatment (Figure 4b). Therefore, induction of
apoptosis in H-RS cells by DHMEQ may be indirect and
mediated by altered levels of gene expression. As inhibition of
constitutive NF-xB activation is sufficient to trigger apop-
tosis of H-RS cells without stimulation of death receptor or
cytotoxic agents, survival of H-RS cells appears to depend on
a balance between anti-apoptotic and pro-apoptotic activ-
ities. In support of this notion, the present study confirmed
the downregulation of ¢-FLIP and Bcl-xL, which are reported
to be frequently expressed in H-RS cells upon blocking of
NF-xB aciivityﬂ_24 (Figure 5¢ and d).

Prompt and specific action of DHMEQ suggests that
DHMEQ is a suitable compound to target NF-xB in H-RS
cells. Recent studies in other laboratories using gliotoxin,
MG132, arcenic and PS341 also suggest that low-molecular-
weight compounds have a potential to inhibit NF-xB in H-
RS cells. However, their specificity for the NF-xB pathway
appears to be relatively low when compared with that of
DHMEQ.”** The target of DHMEQ resides downstream of
targets of gliotoxin, MG132, arcenic and PS341. Further-
more, inhibition of NF-xB by gliotoxin, MG132, and PS341
is only one of the results of their activities as proteasome
inhibitors.*>*® Arsenic also alters a variety of enzymatic
activities because of reactivity with sulfhydryl groups.™

The unique properties of DHMEQ appear to minimize
adverse effects on normal cells. Notably, PBMC are resistant
to apoptosis by DHMEQ treatment, although the mechanism
is not currently understood. Results of our in vivo model
suggest that DHMEQ may be minimally less toxic at effective
doses. Treatment of mice with DHMEQ three times a week

Figure 7 DHMEQ abrogates inducible NF-xB and enhances anti-tumor effect of topoisomerase inhibitors in H-RS cell lines. (a) Inhibition of topoisomerase
inhibitors-mediated NF-xB induction by DHMEQ. KMH2 cells were exposed to 100 ng/ml of SN-38, 2 1M daunorubicin or 50 M etoposide in combination
with 10 pg/ml of DHMEQ for indicated howrs. Two microgram of nuclear extracts were examined for NF-xB-binding activity by EMSA using NF-xB probe.
Lower panels show results of EMSA with a control probe, Oct-1. DNR, daunorubicin; ETP, etoposide. (b) Accumulation of active NF-wB p65 after DHMEQ
treatment. KMH2 cells were exposed to 100 ng/ini of SN-38 in combination with 10 pg/ml of DHMEQ for indicated hours. Confocal immunofluorescence
microscopic analysis was carried out on cytospin samples stained with antibody against active NF-xB p65. () Effect of DHMEQ on viability of H-RS cells
treated by topoisoimerase inhibitors, KMH2 cells were treated with indicated concentrations of topoisomerase inhibitors with or without 10 ug/ml of
DHMEQ. Forty-eight hours after treatment, cell viability was measured by MTT assa‘y and the relative viability was determined. MTT values of DMSO-treated
cells were set to 100%. Data present the mean +s.d. of three independent experiments. "P<0.05, compared with SN-38, DNR or ETP alone. (¢} Analysis of
Annexin V-reactive cells. KMH2 cells were treated with 10 pg/ml of DHMEQ with or without topoisomerase inhibitors for 24 h. Cells were stained by FITC-
conjugated Annexin V and analyzed by flow cytometry. Data present the mean = s.d. of three independent experiments. Concentration of the agents was
SN-38; 100 ng/ml, daunorubicine; 2 M and etoposide; 50 uM. *P < 0.05, compared with SN-38, DNR or ETP alone. {e) Nuclear fragmentation. KMH2 cells were
ireated with topoisomerase inhibitors with or without 10 ug/ml of DHMEQ for 24 h. After treatment, KMH2 cells were harvested and subjected to staining by
Hoechst 33342, Concentration of the agents was the same as in flow cytometric analysis of Annexin V-reactive cells DHM, DHMEQ. (f) Activation of caspase-
3. 1428 cells were treated with 100 ng/ml of SN-38 with or without 10 ug/mi of DHMEQ for 24 h. Cells were spun onto slide glass and stained with antibody
for cleaved caspase-3 and analyzed by confocal microscopy. Staining by GAPDH served as a control.
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showed significant anti-tumor activity. DHMEQ treatment
did not show significant systemic toxicity such as body
weight loss in these experiments. The dose of DHMEQ used
in these experiments (12mg/kg) is far less than LD50 of
DHMEQ that is 180mg/kg (unpublished observation).
Therefore, DHMEQ may be more suitable for NF-xB in-
hibition in H-RS cells.

In conclusion, both constitutive and inducible NF-«B are
potential molecular targets to treat HL independent of the
presence of IxBx mutations. NF-xB inhibitor DHMEQ is a
suitable candidate to translate this strategy into clinical
medicine. The results also indicate that IxBf is involved in
NE-«B activation in H-RS cells and IxBf substitutes for IxBu
in H-RS cells lacking wild-type IixBo.
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Abstract

We previously described selective hypermethylation of the 5'-long terminal repeat (LTR) of HTLV-
| provirus in vivo and in vitro. This prompted us to analyze CpG methylation of the two LTRs of the
HIV provirus in chronically infected cell lines. The results demonstrate selective hypermethylation
of the 5' LTR of the HIV provirus in ACH-2 cells. Moreover, induction of viral gene expression by
TNF-o. resulted in demethylation of the 5'-LTR. These results suggest that selective epigenetic
modification of the 5'LTR of the HIV-I provirus may be an important mechanism by which proviral

activity is suppressed.

Findings

With the use of highly active anti-retroviral therapy
(HAART) for HIV-infected individuals, greater control of
viral replication is now possible. The widespread use of
HAART has led to a substantial decline in the incidence of
acquired immunodeficiency syndrome (AIDS) and AIDS-
related mortality [1-6]. This development has led to con-
siderable optimism [7], but complete eradication of HIV
from an infected individual is difficult to achieve because
there are latently infected resting CD4+ T cells carrying
replication-competent HIV resistant to HAART [8-11]. A
better understanding of mechanisms underlying latency
and reactivation of HIV might yield information on how
to overcome the resistance of latent HIV to treatment, and
this would contribute to the goal of containment or purg-
ing of HIV.

Epigenetic control is thought to be involved in latent
infection of HIV. Epigenetic mechanisms result in the her-
itable silencing of genes without a change in their coding

sequence. Three systems, including DNA methylation,
RNA-associated silencing and histone modification, are
used to initiate and sustain epigenetic silencing [12]. His-
tone deacetylation is important for quiescence of HIV
gene expression in infected resting CD4+ T lymphocytes.
Blockade of histone deacetylase (HDAC) activity can stim-
ulate the release of virus from latently infected CD4+ T-
cells in vitro and, in combination with enfuvirtde, reduces
the pool of CD4+ T-cells in vivo]13-15].

CpG methylation has been implicated in silencing of the
integrated provirus genome [16,17] as well as in regula-
tion of many imprinted genes [18]. Demethylation
induced by an inhibitor of DNA methyltransferase, 5-Aza-
cytidine (5-AzaC), was shown to reactivate a latent provi-
rus [19]. In vitro studies have shown that DNA
methylation suppresses the promoter activity of the HIV-
1 long terminal repeat (LTR) [20-23], suggesting that CpG
methylation may play an important role in viral latency in
vivo.
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Cytokines such as TNF-o induce HIV gene expression in
chronically infected T cell lines [24,25], as well as in
latently infected lymphocytes in vivo- [26,27]. Using
chronically infected T cell lines, we investigated CpG
methylation of provirus LTR and its relationship to regu-
latory mechanisms that reactivate the latent HIV provirus.
We found that CpG sites in the 5-LTR are selectively
hypermethylated, and that TNF-o-induced reactivation is
associated with demethylation of the 5' LTR. Our observa-
tions provide clues to the mechanism of signal-mediated
demethylation and reactivation of latent HIV.

To evaluate the effects of CpG methylation on the pro-
moter activity of the HIV LTR, we first tested the effects of
in vitro CpG methylation of HIV LTR-luciferase constructs
on activity in transient transfection assays. When trans-
fected into Jurkat cells, the HIV LTR-Luc plasmid showed
significant basal levels of luciferase activities, whereas SssI
methylase-treated HIV LTR-Luc plasmid showed 100-fold
lower luciferase activities (Fig. 1A). We also found that
CpG methylation suppressed the LTR's response to acti-
vating agents such as HIV Tat or TNF-¢.. The small
responses we observed might be due to incomplete meth-
ylation of CpG during SssI methylase treatment, since
bisulfite-sequencing analysis of the Sssl-treated plasmid
detected some unmethylated copies (data not shown).
Thus, CpG methylation of the HIV LTR suppresses both

hitp:/fwww.retrovirology.com/content/3/1/69

basal promoter activity and responses to activating stim-
uli; this confirms results of earlier studies {20-23].

We next asked if LTRs of integrated proviruses were meth-
ylated. Using bisulfite genomic sequencing [28], we ana-
lyzed methylation of each CpG site in the U3 region of the
HIV-1 LTR in chronically infected cell lines. Primers used
for amplification of the modified sense strand are: LTR
forward primer (F-3): 5-TTTGTTATATITTGTGAGTTTG-
TAT-3' (nucleotide position: 200 to 224, 9285 to 9309),
reverse primer (R-1), 5-CAAAAAACTCCCAAACT-
CAAATCTA-3' {nucleotide position: 496 to 472, 9581 to
9557). Amplified products were cloned by the TA method
followed by sequence analysis using an automated
sequencer (Amersham Bioscience, Gene Rapid). The
results showed various levels of CpG methylation in Molt
20-2, ACH-2 and U-1 cell lines, which correlated inversely
with basal levels of viral gene expression (Fig. 1B and C).

We then asked if TNF-o-induced HIV-1 gene expression in
ACH-2 is associated with changes in CpG methylation in
the LTR. TNF-o stimulation induced activation of viral
gene expression after 24 hours (Fig. 2A). We used bisulfite
genomic sequencing, to characterize the methylation sta-
tus of nine CpG sites located in the U3 region of the HIV
LTR, before and after TNF-o. treatment. Bisulfite sequenc-
ing of the provirus before TNF-u. treatment revealed a fea-
ture that is typical of CpG methylation (Fig. 2). The 10
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Promoter activity and CpG methylation of HIV LTR. A, Suppression of HIV LTR promoter activity by CpG methylation in vitro.
HIV LTR-Luc plasmid, with or without in vitro methylation by Sssl methylase, was transiently transfected into Jurkat cells with
pRL-tk-Luc plasmid. Representative results of triplicate experiments are presented with standard deviation. Relative luciferase
activity was determined by dividing the activity of firefly luciferase by that of renilla luciferase. Three independent experiments
gave almost identical resules. B. Northern blot analysis of HIV mRNA. Expression of HIV mRNA was detected using HIV LTR
probe (upper panel). Molt20-2 is a gift from Prof. T Shiota (Osaka University) and derived form Molt4 infected by HIV Lai.
Lower panel, photograph of ethidium bromide stained samples. €. Results of CpG methylation analysis of integrated HIV pro-
virus LTRs of chronically infected cells lines. Single line represents the results of one plasmid clone analyzed. Upper panel,
Schematic map of the CpG sites in the U3 region of HIV-1 IIB LTR. Closed and open circles indicate methylated and unmeth-
ylated CpG sites, respectively.
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Figure 2

In vitro induction of HIV gene expression in ACH-2 cells, and
demethylation of CpGs in the LTRs. A. Induction of HIV
mRNA in ACH-2 cell line by TNF-0.. Two micrograms of
poly (A)+ RNA was analyzed by northern blotting. B. CpG
demethylation after HIV induction by TNF-o. Upper panel,
Schematic map of the CpG sites in the U3 region of HIV-I
1B LTR. The lower panel, results of bisulfite genomic
sequencing. Cells are harvested at the time points indicated
on the left. No, cells without TNF-0. treatment. Each line
represents a result of single plasmid clone. Closed and open
circles indicate methylated and unmethylated CpG sites,
respectively.

plasmid clones analyzed displayed either hypermethyla-
tion or hypomethylation. Among five hypermethylated
clones, three were methylated at all CpGs, and one had 7
out of 9 sites methylated. In DNA extracted from cells after
24 hours of TNF-¢ treatment, no alleles were completely
methylated. Five of 10 sequenced plasmid clones dis-

http:/lwww.retrovirology.com/content/3/1/69

played some CpG methylation, and the remaining five
clones were completely unmethylated. After 48 hours of
TNF-o. treatment, there was a clear trend toward demeth-
ylation. Eight clones were completely unmethylated, and
one had only one methylated CpG (Fig. 2B).

Taken together, the results shown in Fig. 2 can be summa-
rized as follows: 1) at least half of the analyzed clones

- were unmethylated before and after TNF-o treatment, 2)

the levels of CpG methylation in the remaining clones
showed a clear decrease that was related to the duration of
TNF-o treatment. The primers we used can amplify both
5'and 3' LTR sequences, and methylation of only half of
the amplified clones suggests that methylation may affect
only the 5' orthe 3' LTR, as we found previously in studies
of the HTLV-1 provirus [29]. On the other hand, the
response to TNF-o. provides evidence of cytokine receptor
signal-mediated demethylation of the provirus LTR. The
mechanism by which LTR is demethylated remains to be
elucidated. However, our previous observation in HIV
transgenic mice suggested a passive mechanism for
demethylation of HIV LTR which depends on DNA repli-
cation as is supposed for demethylation of cellular
genes|[30].

To examine the possibility that hypermethylation is selec-
tive for the 5' LTR of the HIV provirus, we first identified
the flanking genomic sequences of the integrated provirus
in ACH-2 cells using the inverse polymerase chain reac-
tion (I-PCR) [29]. Genomic DNA was digested with a
restriction enzyme TthHBSI, followed by self-ligation for
12 hrs. Ligated DNA was subjected to PCR amplification
using the following primers: forward primer (iHIV-2): 5'-
TTCATCACGTGGCCCGAGAGCTGCATCCGGAGTAC-3'
(nucleotide position: 283 to 317), reverse primer (iHIV-
1): 5-CCITGTGTGTGGTAGATCCACAGATCAAGGATA-
3' (nucleotide position: 67 to 37). Agarose gel electro-
phoresis of the PCR products showed two amplified
bands with sizes of about 300 bp and 1,2 kbp. These
bands appear to correspond to those from 5'- and 3'-
flanking sequences, since ACH-2 cells contain a single
copy of integrated HIV provirus per cell [31]. Both PCR
products were subcloned using pGEMT-easy (Promega,
Madison, Wisconsin) and the nucleotide sequences were
determined. The 1.2 kbp PCR product was shown to con-
tain the 5'-LTR sequence, and the 300 bp product that of
3'-LTR. NCBI human genomic blast program analysis of
the flanking sequences showed that the sequence of the
1.2 kbp fragment corresponds to that of Chromosome 7,
located at 7p15 (Fig.3B). We also identified the 5'-flank-
ing sequences contained the L1 family repetitive
sequences (Fig.3B bold italic).

We used the flanking sequences to selectively characterize

the CpG methylation status of the 5' TR, preparing a for-
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TthHBSI(?/335)  SelfLigated  TihHBS!(8898/2420)
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PCR Product -7 bp PCR Product - 336 bp

T
CRATAGTGRC RARRA RREARTAGAT CARAC TTAARAGGAG
TCAGAGTAGT CCACCAGAAT GATCAGAGGA ATTTGAGCCT TCCCACTTGA
CGARCATTTC AAGGAATAGA AAATGCTTTG ATTIGAGAAG GAACAACTTG
TITTRARRTC T T AGGRATGATT TGTCTTTAIT GTUCCSTITAC
GTRACAGTIG CRT? 3T CTGTRTITGT GGTACTARAT GTTGAAAAGA
TATTAGACTT TCTACAA ACTGGTAGCA GCAGAACTGGE AACTAGACTT
GGAAGATATA AGAAGATTGA TTICAGCATG AGAAATGAAA AGCCTGTCTA
GCAATTAAGA GTTTTCTGGC AATGGAATAA GCITCCCTGG GAGAATGAGC
TTACTGACAT GTTAGARGCT GACCCAGGCA GGGAAGARGG TGACTTAGGA
ATATTATAGG GGTATTTTTA GGTATCAGAT GAAGAGTTAG GCITTITITT

CTTTCTTICT GTTTTTAGTG GCTGTTTGCR TRAT
: ST 33C CCTT T CTAT GRTTATAGZGT
CARCTTG CCATAARCARR

C TRATCTSTRT A
.

CTTGT

WGRCAT GETATACR TTAGTS 7
E TR RATATGARGGR ACRGATTITC
SRRTGTTTTG TAAT...LTR

Figure 3

Identification of the flanking genomic sequence of the inte-
grated HIV provirus in ACH-2 cells by the inverse PCR. A. A
schematic chart of the inverse PCR procedure. B. Host
genomic sequence flanking 5'-LTR. Underlined sequence indi-
cates TthHB8I restriction enzyme site. Double underline
indicates the sequence used for the sense primer in 5-LTR
specific methylation analysis. Bold italic indicates the L1 fam-
ily sequences. Right panel shows a schematic presentation of
the chromosomal location of the integration site of HIV-1 in
ACH-2 cells determined by the NCBI human genomic blast
program. Arrow indicates the region of integration.

ward primer located in the 5' flanking sequence. For anal-
ysis of the 3' LTR, we used a forward primer located in the
nef region. The primers used are follows: 5' flanking for-
ward primer (5'F-1) 5-TATGAGGAATAGATITITI-
TATATG-3' (Fig.3), forward primer for 3' LTR (3'LTR-F1}
5 -TTATAAGGTAGTTGTAGATTITAGT-3' (nucleotide
position 9036 to 9060), and the reverse primer R-1
(described above). The results clearly demonstrated selec-
- tive hypermethylation of the 5' LTR, with almost complete
hypomethylation of the 3' LTR (Fig. 4), which was in
accordance with our previous findings with integrated
HTLV-1 provirus in vivo and in vitro [29].

In DNA from unstimulated ACH-2 cells, among 10 clones
derived from the 5' LTR, six showed methylation of all 9

hitp:/iwww.retrovirology.com/content/3/1/69

CpG sites, and two had only two unmethylated CpGs,
although two clones showed complete hypomethylation
of the 9 CpG sites. In contrast, all 10 clones derived from
the 3' LTR were hypomethylated, with only one methyl-
ated site in one clone. The 3' LTR did not show any
changes in methylation on TNF-o stimulation (Fig. 4).
TNF-¢ stimulation resulted in increase in unmethylated
CpGs in the 5' LTR. After 24 hours of TNF-a stimulation,
only one clone out of 10 remained completely methyl-
ated, and most clones had one to five uninethylated sites,
while one was completely unmethylated. After 48 hours
of stimulation, none of the sequenced clones were com-
pletely methylated (Fig. 4). Demethylated CpGs appeared
to cluster in the first 5 CpG sites (reading 5' to 3'), with
higher frequency at the 5th site. Three of 10 clones from
unstimulated ACH-2 cells had an unmethylated 5th CpG
site, and 6 clones each had unmethylated 5th CpG site
after 24 and 48 hours of stimulation. Furthermore, the
number of unmethylated CpGs in the first 5 sites
increased with the time of TNF-o stimulation. Before
stimulation, 12 (249%) of total 50 sites were unmethyl-
ated, whereas after stimulation 22 (44%) and 26 (52%)
sites were unmethylated at 24 and 48 hours respectively.
On the other hand, in the cluster of 4 sites at the 3 end of
the cluster, among a total of 40 sites analyzed 8 (20%)
were unmethylated in unstimulated cells, and after TNF-o.
stimulation 6 (15%) and 17 (42.5%) sites were unmeth-
ylated at 24 and 48 hours respectively. Taken together,
demethylation induced by TNF-o. showed a tendency to
cluster in the CpG sites located at the 5' end. Furthermore,
the 5th CpG site may be a hot spot for demethylation in
the TNF-a stimulated cells.

Nevertheless, our results demonstrate that in the setting of
full reactivation of viral gene expression by TNF-o stimu-
lation, the provirus LTR showed only a partial demethyla-
tion at scattered sites (Fig. 4). This observation is
inconsistent with the widely accepted idea that promoter
activity is regulated by the density of CpG methylation
[22,32,33]. Our results may provide support for the idea
that demethylation of a specific CpG site plays an impor-
tant role in promoter activity of the HIV LTR, which we
have previously reported using HIV transgenic mice {30].
It is also consistent with the notion that CpG methylation
of specific sites plays an important role in controlling the
promoter activities of EBV and imprinted genes [34-38].

Differential methylation of two LTRs located within 10
kbp of each other in the provirus genome, which we pre-
viously reported in the human retrovirus HTLV-1 [29],
may suggest the presence of an unknown mechanism of
methylaiion targeting that discriminates the 5'from the 3
LTR. The difference may depend on chemical modifica-
tion of histone H3, such as lysine 9 (K9) methylation,
since repression of gene expression mediated by histone
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Figure 4
Selective analysis of CpG methylation of two LTRs. Methylation of CpG sites in each plasmid clone is displayed. Closed and
open circles indicate methylated and unmethylated CpG sites, respectively. TNF-o. treated cells are harvested at the time
points indicated in the middle. (-), ACH-2 cells harvested before TNF-0. treatment.

HIV-1 Lai integrated in ACH-2 Genome
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OO0

JOOOCK

[4

0K

QOOOOO0CK

X

H3 K9 methylation is thought to be stabilized by DNA
methylation[39].

Previous studies in vitro suggested CpG methylation of the
HIV-1 LTR as a mechanism to maintain HIV-1 latency [20-
23,40,41]. However, no information is available as to the
CpG methylation status of the HIV provirus in the reser-
voir pool in vivo, because extremely low copy numbers of
HIV provirus make it infeasible to directly analyze CpG
methylation with bisulfite genomic sequencing. In spite
of the widely accepted idea that CpG methylation is
involved in suppression of HIV gene expression and
latency, a recent report suggested that proviral DNA meth-
ylation may not be involved in transcriptional suppres-
sion of integrated HIV provirus [42]. However, this report
used an artificial system in which provirus methylation
was analyzed on a defective HIV genome or a vector hav-
ing only HIV LTR as the promoter. Because we lack infor-
mation on the state of the latent HIV provirus in vive, the
notion remains to be examined.

Decipherment of the mechanisms for reactivation of
latently infected HIV in the reservoir pool will provide the
basis for designing treatment strategies for containment or
purging of HIV. Thus our observations of 5' LTR selective
methylation in ACH-2 cells, and signal-induced demeth-
ylation of HIV provirus in the transgenic mice model and
latently infected cell lines [30], provide information that
will be useful in future investigations.
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Intraocular soluble IL-2 receptor
alpha in a patient with aduli T cell
leukaemia with intraocular
invasion

It has been reported that human T cell
lymphotropic virus type I (HTLV-I} infection
is related 1o a wide range of ocular disorders,
such as intraocular lymphoma,’ * uveitis,” and
cytomegalovirus (CNV) retinitis.* The diag-
nosis of adult T cell leukacmia (ATL) cell
infiltration in the eye is often difficult, even
when characteristic ocular findings are pre-
sent and cytological examinations of intrao-
cular fluids are performed. It is well known
that determination of patient serum inter-
feukin 2 recepior alpha (sIL-2Ru} levels is
critical in the evaluation of the clinical status
of the discase.” We report here a patient with
systemic ATL who developed vitrcous opa-
cities and subretinal lesions and in whom
vitreous measurement cof the soluble form of
sIL-2Ra provided information that could be
used in making a diagnosis and in treating
associated ocular disorders.

Case report

A 69 year old man with a 2 year history of
systemic ATL developed a sudden onsct of
decreased vision and vitreous floaters in the
left eye. Funduscopic examination of the left
cye revealed dense vitreous opacities and
whitish retinal exudates along with superior
vascular arcade (fig 1A). Based on the ocular
manifestations and the presence of systemic
ATL, intraocular infiltration of ATL cells was
suspected and a diagnostic pars plana vitrect-
omy was performed in the left cye. After
informed consent was obtained, a vitrcous
sample from the patient was analysed using
research protocol. The cytopathology of the
vitreous sample was class III with many
atypical lymphoid celis. The exira cell pellet
of the sample was used for polymerase chain
reaction (PCR). Proviral DNA for the HTLV-I
tax gene was amplified using previously
described PCR methods.” The proviral DNA
was amplified by PCR (fig 1B). We also
cxamined detection of CMV-DNA using
quantitative PCR, because diffuse dot retinal
haemorrhages like a CMV retinitis were seen
in the left eye. The result of quantitative PCR
was undetectable levels in the vitreous. Since
the HTLV-I tax gene was detected in the
vitrcous sample, the vitreous fluid was
assayed for sIL-2Rz levels using ELISA
(R&D system, Minncapolis, MN, USA). Data
for the vitrcous samples of seven patients
with various retinal disorders, who served as

controls, can be scen in figure 2. In this
patient, the concentrations of sIL-2Ra were
extremely high (115 114 pg/ml) in the vitr-
cous and considerably high in the serum. The
concentrations of sIL-2Rx in the vitrcous and
the serum of another ATL patient with CMV
retinitis, in a patient with intraocular B cell
lymphoma, and in a patient with sarcoidosis
or HTLV-T associated uveitis (HTLV-I carricr,
no ATLjy were also high, although the con-
centrations were much less than that
obscrved in the vitreous of this case (fig 2).
In addition, detectable levels of sIL-2Rx were
not observed in paticnts with toxocariasis,
idiopathic macular hole or non-PVR reiinal
detachment.

Qur ATL patient had received conventional
CHOP therapy before obscrvation of the
ocular symptoms. After identification of the
ocular ATL infilirates and documentation of
sIL-2R%, a cerebrospinal injection of antic-
ancer medication containing a combination
of methotrexate, cytarabine, and predniso-
lone was added to the CHOP therapy because
the patient had central nervous system
involvement. One month later, a dramatic
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regard to the retinal exudates and haemor-
rhages (fig 1C).

Comment

In the current case, the sIL-2Rx level was
much higher than the level observed in the
serum or in the vitrcous of patients with
other retinal disorders. These data strongly
suggest that the infiltrating T cell leukaemic
cells constitutively express IL-2Rz on their
surface, and sccrete soluble forms of IL-2Ra
into the vitreous. Also, the results of this case
suggest that the measurement of sIL-2R% in
the vitreous could be a useful tool in the
diagnosis of direct invasion of ATL in the eye,
which is critical in the prognosis for the eye
and for death.

HTLV-I infection is endemic in Japan, the
Caribbean islands, and South America.
Known ophthalmic manifestations of HILV-
1 include malignant infiltrates in patients
with ATL, neuro-ophthalmic diserders, and
HTLV-I associated uveitis. Most of the pub-
lished information on HTLV-I ocular mani-
festations comes from cases in south western

improvement was noted in the patient with  Japan, which currently has the highest
12 0000 — ]
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Figure 2 Soluble IL-2 receptor alpha (sIL-2R) concentrations in the vitreous and the serum of
Faﬁents with various ocular diseases. CMVR, cytome?urovirus refinitis; ATL, adult T cell leukaemia/

ymphoma; PCNSL, primary central nervous system

ymphoma (malignani B cell lymphomal;

Toxocara, toxocariasis; HTLV-1 uveitis, HTLV-l associated uveitis; Macular hole, idiopathic macular

hole.

Figure T Fundus photographs and PCR resulis. {A) Fundus photograph showing retinal whitish
lesions along refinal vessels and dense vitreous opacities. (B) Detection of proviral DNA of HTLV-|
tax gene in vitreous of our ATL patient. M, molecular size marker, N, negative conirol, P, positive
control {HTLY-1 infected cells), S, vitreous sample of our ATL patient. {C) Fundus photograph after
treatment with chemotherapy of anticancer medication and CHOP therapy. The cells are not
present.

incidence of infeciion worldwide. Routine
evaluation of HTLV-1 infected patients is
imporiant because immunce mediated or
neoplastic ocular involvement may  occur
during the course of the discase. In diffcrent
populations, genctic and environmental fac-
tors may also have a role in the ocular
manifestations of HTLV-L

Unlike ocular ATL infilirates, HTLV-1 asso-
ciated uveitis is not a serious disorder, as this
condition is responsive 1o corticosteroid
therapy. Hewever, since patients with ATL
infected by HTLV-1 are immunocompromiscd
and subject 10 invasion of retinal lesions'”
and cytomegalovirus retinitis,” early diagno-
sis and trcatment are very important. In the
present ATL case, the carly diagnosis helped
to ensure that the patient was able to receive
an appropriate course of therapy.
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INTRODUCTION

Rapid dissemination of a pathogenic simian/human
immunodeficiency virus to systemic organs and
active replication in lymphoid tissues following
intrarectal infection

Ariko Miyake,"? Kentaro Ibuki,' Yoshimi Enose,' Hajime Suzuki,’

Reii Horiuchi,' Makiko Motohara,' Naoki Saito,' Tadashi Nakasone,?
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Infectious Disease, Kyoto University, Sakyo-ku, Kyoto 606-8507, Japan

2 aboratory of Tumor Cell Biology, Depariment of Medical Genome Sciences, Graduate School
of Frontier Sciences, The University of Tokyo, Tokyo 108-8639, Japan

®National Institute of Infectious Disease, Tokyo 162-8640, Japan

A better understanding of virological events during the early phase of human immunodeficiency
virus 1 (HIV-1) infection is important for development of effeciive antiviral vaccines. In this study,
by using quantitative PCR and an infectious plaque assay, virus distribution and replication

were examined in various internal organs of rhesus macaques for almost 1 month after intrarectal
inoculation of a pathogenic simian immunodeficiency virus/HIV chimeric virus (SHIV-C2/
1-KS661c). At 3 days post-inoculation (p.i.}, proviral DNA was detected in the rectum, thymus
and axillary lymph node. In lymphoid tissues, infectious virus was first detected at 6 days p.i. and
a high level of proviral DNA and infectious virus were both detected at 13 days p.i. By 27 days p.i,
levels of infectious virus decreased dramatically, although proviral DNA load remained unaltered.
In the intestinal tract, levels of infectious virus detected were much lower than in lymphoid
tissues, whereas proviral DNA was detected ai the same level as in lymphoid tissues throughout
the infection. In the thymus and jejunuuﬁ, CD4CD8 double-positive T cells were depleted earlier
than CD4 single-positive cells. These results show that the virus spread quickly to systemic tissues
after mucosal transmission. Thereafter, infectious virus was actively produced in the lymphoid
tissues, but levels decreased significantly after the peak of viraemia. In contrast, in the intestinal
tract, infectious virus was produced at low levels from the beginning of infection. Moreover, virus
pathogenesis differed in CD4 single~positive and CD4CD8 double-positive T cells.

inoculated with Simian immunodeficiency virus (SIV) or an

SIV/HIV-1 chimeric virus (SHIV) by a mucosal route (i.e.

A better understanding of virological events during the eaily
phase of human immunodeficiency virus 1 (HIV-1) infec-
tion is essential for the development of effective vaccines for
preventing virus transmission. This is especially true for
mucosal infections, which are the major mode of HIV-I
transmission. Moreover, high virus load in the early phase of
infection has been reported to correlate with earlier onset of
AIDS (Fauci, 1996; Mellors et al, 1995; Schacker et al.,
1996). Therefore, data obtained from the early phase of
infection would help to define the pathogenesis of HIV-1.

Several non-human primate models have been used to
investigate the eatly phase of HIV-1 infection (Joag er al,
1997; Lu er al, 1998). In some studies using macaques

oral, rectal or vaginal), the virus spread to the systemic
lymphoid tissues within 3-7 days post-inoculation (p.i.)
following replication for a period of time in the local region
(Couédel-Courteille er al., 1999, 2003; Hirsch et al, 1998;
Spira et al., 1996; Stahl-Hennig et al., 1999). However, recent
studies have shown that the virus can spread more rapidly to
the systemic tissues. Hu et al. (2000) detected SIV-infected
cells in draining lymph nodes within 18 h of intravaginal
exposure. Milush et al. (2004) showed that SIV spread to
systemic lymphoid tissues 1-2 days after oral inoculation.
Miller et al. (2005) showed that the dissemination of SIV
infection to systemic lymphoid tissues occurred within
1-3 days of vaginal inoculation, although virus production
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at this site was established later. Furthermore, Veazey er al.
(1998) reported that the intestinal tract was one of the major
sites of SIV replication and CD4™ T cell depletion in the
early phase of infection. In a study using SHIV, Harouse et al.
(1999) suggested that SHIV using CCR5 as co-receptor for
virus entry caused a dramatic loss of CD4* intestinal T cells
followed by a gradual depletion in peripheral CD4 ™" T cells,
whereas infection with SHIV using CXCR4 caused a pro-
found loss in peripheral T cells that was not paralleled in
the intestine. ‘

The goals of the present study were to investigate the dis-
tribution of pathogenic virus in systemic tissues early after
mucosal infection and to determine whether these tissues
produced infectious virus, which is considered to play a
major role in the spread of virus in the body. A pathogenic
molecular clone, SHIV-C2/1-KS661¢ (Shinchara er al,
1999), which uses two major chemokine receptors, CCR5
and CXCR4, as co-receptors for virus entry, was used to
inoculate rhesus macaque monkeys intrarectally. Proviral
DNA and infectious virus were quantified by quantitative
PCR and infectious plaque assay, respectively. Virus load in
the infected individuals has usually been quantified by the
copy number of virus RNA or DNA using PCR or by the
immunodetection of core protein, p24 or p27 (Chun et al.,
1997; Sei et al, 1994; Zhang et al., 1999). However, these
methods do not differentiate between infectious and non-
infectious virus. The infectious plaque assay used in this
study quantified infectious virus only (Kato et al., 1998;
Miyake et al., 2004). Our results show that the virus spread
rapidly to the systemic tissues soon after intrarectal infec-
tion. Thereafter, infectious virus was actively produced in
the lymphoid tissues, but decreased significantly after the
peak of viraemia. In the intestinal tract, lower levels of
infectious virus were produced than in lymphoid tissues
throughout the infection.

METHODS

Virus. SHIV-C2/1 was generated by in vivo passage of SHIV-89.6
(containing env, fas, rev and vpu derived from primary isolates of
HIV-1) (Shinohara et al.,, 1999). SHIV-C2/1-KS661c¢ is a molecular
clone constructed from the consensus sequence of SHIV-C2/1
(GenBank accession no. AF217181). SHIV-C2/1-KS661¢ can infect
macaque monkeys by intravenous and inirarectal routes and cause
precipitous viraemia and drastic CD47" cell depletion. Virus stock
was prepared from supernatant of a human lymphoid cell line,
CEMx174, and stored in liquid nitrogen (—190°C) until use. The
TCIDs of the virus stock was measured in CEMx174; 20 TCIDs,
was equivalent to one 50 % macaque infectious dose (MIDs).

Monkeys and virus inoculation. Ten adult (5- to 8-vear-old)
rhesus macaques (Macaca mulatta), which were of Chinese origin,
were used in this study. All monkeys used were treated in accord-
ance with the institutional regulations approved by the Committee
for Experimental Use of Non-human Primates in the Institute for
Virus Research, Kyoto University. Eight monkeys were anaesthetized
by intramuscular injection of ketamine chloride and inoculated
intrarectally with 2 x 10* TCIDs, SHIV-C2/1-KS661c. All intrarectal
inoculations were done with a paediatric feeding catheter 10 cm
from the anus. The catheter was inserted carefully to avoid causing

trauma. Two monkeys were euthanized at each of 3 (animals
MM301 and MM307), 6 (MM300 and MM309), 13 (MM313 and
MM334) and 27 (MM308 and MM310) days p.. Two monkeys
(MM244 and MM314) were used as uninfected controls.

Sample collection. Blood was collected periodically from all mon-
keys. Peripheral blood mononuclear cells (PBMCs) and plasma were
separated from heparinized blood by Percoll (Lymphocyte Separation
Solution; Nacalal Tesque) density-gradient centrifugation. Plasma
was frozen at —80°C until use. Complete sets of organs were
obtained at the time of euthanasia. Parts of the samples were frozen
directly at —80°C until further use (i.e. quantification of proviral
DNA). Residual samples of spleen, thymus, and axillary, inguinal and
mesenteric lymph nodes were minced and filtered through a 40 pm
nylon filter (Becton Dickinson). Samples of jejunum and rectum
were washed in Dulbecco’s modified Eagle’s medium (DMEM) con-
taining 0-45 mM dithiothreitol, cut into 1 cm” pieces and agitated
in DMEM medium containing 5% fetal calf serum (FCS) for 1 h at
room temperature, After short sedimentation, supernatants and
tissue fragments were processed to give intraepithelial lymphocytes
(iEL) and lamina propria lymphocytes (LPL), respectively. The
supernatants (containing iEL) were filtered through columns con-
taining packed glass wool and centrifuged at 1600 r.p.m. for 7 min;
pellets were then suspended in 30 % Percoll (Pharmacia) and centri-
fuged at 1800 r.p.m. for 20 min. The resulting pellets were resus-
pended in 44 % Percoll, layered on 70 % Percoll and centrifuged at
1800 r.p.m. for 20 min. Cells at the interface between the 44 and
70% Percoll layers were collected. The residual tissue fragments
were agitated in Hanks’ buffer containing 5 mM EDTA for 10 min
at room temperature and the supernatants were removed. This step
was repeated three times. The fragments were suspended in RPMI
1640 medium (Gibco) containing 10 9% FCS and, after agitation for
30 min at room temperature, the supernatants were removed. The
fragments were resuspended in RPMI 1640 medium containing 10 %
FCS and type I collagenase (0-2 mg ml™’; Sigma) and agitated for
90 min at room temperature. The suspensions (containing LPL)
were filtered through glass-wool columns and cells were enriched by
Percoll density-gradient centrifugation as described above for iEL.
The cells obtained from each organ were used immediately in the
infectious plaque assay and flow-cytometry analysis.

Quaniification of plasma viral RNA. The viral RNA loads in
plasma were determined by quantitative RT-PCR (Suryanarayana
et al., 1998). Total RNAs were prepared from plasma with a QlAamp
Viral RNA kit (QIAGEN). RT-PCR was performed with a Taqgman
EZ RT-PCR kit (Perkin Elmer) for the SIV gag region using the
following primers: SIV2-696F (5'-GGAAATTACCCAGTACAACAA-
ATAGG-3') and SIV2-784R (5'-TCTATCAATTTTACCCAGGCAT-
TTA-3'). A labelled probe, SIV2-731T (5'-Fam-TGTCCACCTGCC-
ATTAAGCCCG-Tamra-3"; Perkin Elmer), was used for detection of
the PCR products. These reactions were performed with a Prism
7700 Sequence Detector (Applied Biosystems) and analysed by using
the manufacturer’s software. For each run, a standard curve was
generated from dilutions whose copy numbers were known and the
RNA in the plasma samples was quantified based on the standard
curve.

Suantification of proviral DNA. Proviral DNA leads in tissues
were determined by quantitative PCR. DNA samples were extracted
directly from frozen tissues with a Qiagen DNeasy Tissue kit. PCR
was performed with a Tagman PCR Reagent kit (Perkin Elmer)
using the same primer set and probe used in RT-PCR. A standard
curve was generated from a plasmid DNA sample containing the full
genome of SHIV-MNM-31N, which was quantified with a UV spectro-
photometer.

Infectious plague assay. Infectious virus was quantified and iso-
lated by using an infectious plaque assay (Kato er al, 1998). An
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agarose-gel bilayer containing RPMI 1640 medium was made in
plastic culture dishes with a diameter of 100 mm; the lower layer
consisted of 12 ml 1-2% agarose (Agarose NA; Pharmacia) and the
upper layer consisted of 12 ml 0-4% low gelling-temperature agarose
(SeaPlaque Agarose; FMC). Dishes were incubated at 37°C in 5%
CO, overnight. The following day, 2 x 10° cells of each sample and
8 x 10° M8166 cells (Clapham et al., 1987) were suspended in 3 ml
0+4 % low gelling-temperature agarose solution containing the culture
medium and the mixture was immediately overlaid on the agarose-
gel layer prepared previously. After the gel had hardened, plates
were covered with 12 ml culture medium and incubated at 37°C in
5% CO, for 10 days. The medium over the plates was replaced with
fresh medium every day. After removal of the medium on day 10,
plates were stained with 2 ml 0:7% MTT for 2 h to count the
number of plaques.

Flow-cytometry analysis. The frequencies of CD4” single-positive
and CD4CD8 double-positive T cells in PBMCs and various tissues
were examined by flow cytometry. Lymphocytes were treated with
anti-CD3 (FN-18-fluorescein isothiocyanate; Biosource), anti-CD4
(Nu-TH/I-phycoerythrin; NICHIREI) and anti-CD8 (SK1-PerCP;
Becton-Dickinson) monoclonal antibodies and examined on a
FACScan analyser (Becton Dickinson). The absolute number of
lymphocytes in the blood was determined by using an automated
blood-cell counter (F-820; Sysmex).

RESULTS

Intrarecial infection of macague monkevs with
SHIV-C2/1-KS681c

Eight rhesus macaque monkeys were inoculated intrarectally
with SHIV-C2/1-KS661c and two monkeys were euthanized
at each of 3, 6, 13 and 27 days p.i. In the two monkeys
that were euthanized at 3 days p.i. (MM301 and MM307),
plasma viral RNA was not detected in the time between
inoculation and euthanasia. However, plasma viral RNA
was first detected at 3 days p.i. in one monkey (MM300)
and at 6 or 7 days p.i. in five monkeys (MM309, MM313,
MM334, MM308 and MM310) (Fig. 1). The plasma viral
RNA load of these monkeys reached peak levels, about 10°
to 5% 10° copies ml~', at 13 days p.i. and then decreased,
reaching 10° copies ml™' at 27 days p.i. CD4% T-cell
counts in peripheral blood of these monkeys started to
decrease from day 6 p.i. and were lower than 500 cells pl ™’
by 13 days p.i. (Fig. 2). These low counts of CD4™ T cells
remained at the same levels until 27 days p.i.

Detection of proviral DNA in various iissues
early after inirarectal inoculation

To investigate virus distribution to the systemic tissues early
after infection, proviral DNAs in various tissues were
determined by quantitative PCR. Proviral DNA was already
detected at 3 days p.i. in the rectum and distal lymphoid
tissues (thymus and axillary lymph node) of one monkey
examined at this time (MM301) (Fig. 3). It was also detected
in non-lymphoid tissues (kidney and lung; data not shown)
at low levels [< 20 copies (g DNA)_I]. These results show
that the virus spread quickly to the systemic tissues after
intrarectal inoculation. In both monkeys that were
examined at 6 days p.i. (MM300 and MM309), proviral

—&— MM301

——— MM307

100 —&— MM300
e FAM309
—&— MM313
—O— MM334
—&— MM308
—O— MM310

109k
100
107
106;

10°%

Plasma virus RNA (copies mi")

10¢

10°%C

13
15
Time p.i. (days)

Fig. 1. Plasma viral RNA loads of eight monkeys inoculated
intrarectally with SHIV-C2/1-KS661c. MM301 and MM307,
MMS300 and MM309, MM313 and MM384, and MM308 and
MM310 were euthanized ai 3, 6, 13 and 27 days p.i, respec-
tively. The detection limit of this assay was 1 x 10° copies mi~.

DNA was detected in PBMCs as well as other lymphoid
tissues (Fig. 3), suggesting that detectable levels of infected
cells had drained to the peripheral bloodstream by this time.
However, the titres of proviral DNA in these tissues were less
than about 10% copies (g DNA) ™! and proviral DNA was
not detected in some tissues at 6 days p.i. In monkeys
examined at 13 days p.i. (MM313 and MM334), when
viraemia reached peak levels, proviral DNA was detected in
all tissues examined and virus titres in each tissue were much
higher than those determined at 6 days p.i. In most of the
lymphoid tissues and the intestinal tract, proviral DNA was
detected at >10° copies g~ ' (Fig. 3). In the non-lymphoid
tissues of these monkeys, including lung, liver, kidney and

2600 ~ —4— MM301
: —o— MM307
—&— MM300
—&— MM30¢
~g— MM313
O MM334
—8— MM308
- MM310

1500

CD4* T-celt counts in
peripheral blood (cells pi-)
3
<
L)

Time p.i. (days)

Fig. 2. Number of GD4™ T cells in peripheral blood of eight
monkeys inoculated intrarectally with SHIV-C2/1-KS661c.
MM301 and MMS307, MM300 and MM309, MM313 and
MM334, and MM308 and MM310 were euthanized at 3, 6, 13
and 27 days after inoculation, respectively.
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brain, proviral DNA was detected at about 10~10° copies
ng™! (data not shown). The titres of proviral DNA in all
tissues of the monkeys examined at 27 days p.i. (MM308
and MM310) were still >10’ copies pg™' (MM310) or
10% copies pg~' (MM308) (Fig. 3). These results show that
virus infections in various tissues were amplified from 6
to 13 days p.i. and then decreased, but virus remained
detectable in each tissue until 27 days p.i.

Detection of infectious virus in various tissues
early after intrarecial infection

Although proviral DNA was present in each tissue eatly after
infection, it was not clear whether these tissues released
infectious virus. To observe the release of infectious virus
from various tissues, infectious virus only was quantified in
these tissues by using an infectious plaque assay. Infectious
virus was first detected at 6 days p.i. in inguinal and
mesenteric lymph nodes of two monkeys (MM300 and
MM309) at 1-0 and 0-5 p.fau. per 10° cells, respectively
(Fig. 4). Thereafter, the levels of infectious virus increased
dramatically and high titres of infectious virus were detected
in many lymphoid tissues of monkeys examined at
13 days p.d. (MM313 and MM334) (Fig. 4). In both of
these monkeys, the highest numbers of infectious virus
(119 and 100 p.f.u. per 10° cells, respectively) were detected
in the mesenteric lymph nodes, suggesting that this is the
main site of production of infectious virus. Levels of
infectious virus in the axillary and inguinal lymph nodes
of these monkeys were 55-5-100-0 p.fu. per 10° cells. In
MM313, levels of infectious virus in PBMCs and thymus
(995 and 1100 p.fu. per 10° cells, respectively) were
almost as high as those in the mesenteric lymph node.

However, MM334 tissues had remarkably low numbers of
infectious virus in PBMCs and thymus (24-0 and 3-5 p.fu.
per 10° cells, respectively). In the monkeys examined at
27 days pi. (MM308 and MM310), infectious virus was
detected at very low levels in lymphoid tissues (<19 p.fu.
per 10° cells) (Fig. 4), whereas proviral DNA was detected
at the same levels as at 13 days p.i. (Fig. 3). These results
suggest that, after the peak of viraemia, high levels of virus
existed in the lymphoid tissues, but most virus did not
replicate there. In particular, PBMCs and thymus con-
tained infectious virus at only 0-5 p.fu. per 10° cells at
27 days p.i., suggesting that these tissues hardly contribute
to the release of infectious virus after the peak of viraemia.

In the intestinal tract, infectious virus was hardly detected
throughout the infection (Fig. 4). At 13 days p.i,, some
infectious virus was detected in the jejunum, but titres were
much lower than those in the lymphoid tissues (4-5 and
125 p.fau. per 10° cells in the jejuna of MM313 and MM334,
respectively). These results show that virus replication was
much lower in the intestinal tract than in the lymphoid
tissues at the early phase of infection, although the virus
reached the intestinal tract at the same time that it reached
the lymphoid tissues.

Sequential changes in the proporiion of CD4"
T cells in various tissues early after inirarecial
infection

CD4* T cells have been reported as the main target and
source for amplification of the virus. To estimate the effect
of virus replication on the proportion of CD4™ T cells
existing in various tissues, sequential changes in the
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proportion of CD4™" T cells were examined in each tissue
in which virus was detected at various loads by using
flow cytometry. The mean percentages of CD4* T cells
in PBMCs, spleen, thymus, and inguinal, axillary and
mesenteric lymph nodes of uninfected controls (MM244
and MM314) were 35, 26, 43, 59, 56 and 58 % of total
lymphocytes, respectively (Fig. 5). The percentages of
CD4™" T cells in PBMCs were higher in monkeys at 6 and
13 days p.i. (62 and 61 % of total lymphocytes, respectively)
than in the uninfected normal controls, but then decreased
to 12% of total lymphocytes by 27 days p.i. In other
lymphoid tissues, the percentages of CD4™ T cells remained
at the level of uninfected normal controls until 6 days p.i.
Between 6 and 27 days p.i., the percentages of CD4™ T cells
decreased significantly to 9-14 % of whole lymphocytes in
each tissue.

In uninfected controls (MM244 and MM314), the percen-
tages of CD4 ™" T cells in the intestinal tract were lower than
those in the lymphoid tissues. iEL and LPL were examined
separately, because it was previously reported that the
proportions of the major intestinal T-cell subsets differed
markedly between the iEL and LPL (Veazey er al, 1997,
2000a, b) and it was expected in the present study that the
infection kinetics in iEL and LPL would differ. The mean
percentages of CD4™ T cells in the jejuna of control
monkeys were 10 % in iEL and 34 % in LPL, and those in the
rectums were 59% in iEL and 11 % in LPL (Fig. 5). CD4v
T cells in the intestinal tract remained at the same level as
those in the uninfected controls until 13 days p.i. and then
decreased to 1-2% of whole lymphocytes by 27 days p.i.
These sequential changes of CD4 ¥ T cells were almost the
same in iEL and LPL of the jejunum and rectum. Thus,

SHIV-C2/1 caused marked CD4 ™" T-cell depletion both in
peripheral blood and the intestinal tract. The extent of
CD4™ T-cell depletion in intestinal tract and lymphoid
tissues correlated with the extent of virus replication in each
tissue.

Sequential changes in the proportion of CD4
single-positive (SP) and CD4CD8 double-
positive (DP) T cells in the jejunum and thymus

There were larger percentages of CD4CD8 DP T cells in the
jejunum than in the lymphoid tissues, apart from the
thymus. In the jejuna of the normal control monkeys,
the mean percentages of CD4CD8 DP T cells in total CDh4*
T cells were 64% in iEL and 45 % in LPL, whereas in the
lymphoid tissues, they were only 8-16 % (data not shown).
The proportion of CD4 SP T cells in the jejunum remained
at the level of uninfected controls until 13 days p.i. (15 and
34 9% in jejunum iEL and LPL, respectively, at 13 days) and
then dropped sharply to <0-3% in both iEL and LPL by
27 days p.i. This sequential change in the proportion of
CD4 SP T cells in the jejunum was the same as that observed
for total CD4™* T cells. However, the proportion of CD4CD8§
DP T cells started to decrease from day 3 p.i;at 13 days p.i,
it was <59% in both iEL and LPL of the jejunum (Fig. 6).

In the thymus of the uninfected control monkeys, 91 % of
CD4t T cells were CD4CD8 DP T cells (40% of total
lymphocytes). Moreover, the thymus had many CD3-
negative (CD37) CD4CD8 DP cells (45% of total lym-
phocytes). In the thymus, CD3 " CD4CD8 DP cells tended
to become depleted first, followed by CD3 ¥ CD4 SP cells
and then CD3~ CD4CDS8 DP cells (Fig. 7). These results
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