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SHIV-NI (MM428, MM432, and MM434; »n=3). Monkeys
were inoculated intravenously with 10° TCIDs, of each virus.
At 8 wpi, all animals were challenged mtravenously with 2 10°
TCIDs, of pathogenic SHIV-C2/1 KS661. Citrate-anticoagulant
blood samples were collected under anesthesia with ketamine
hydrochloride. Blood samples were phenotypically character-
ized on a FACSCaliber flow cytometer (Becton Dickinson, San
Jose, CA) and were separated into plasma and peripheral blood
mononuclear cells (PBMCs) by Ficoll density centrifugation
(Nacalai Tesque, Inc. Kyoto, Japan). Inguinal lvmph nodes were
obtained from these animals by biopsy a1 2 wpi and before
infection. Single-cell suspensions were prepared from the
ingumal lymph nodes with a 100 pym nylon cell strainer
(Becton Dickinson). Daw from two monkeys (MM346 and
MM349) that were inoculated with the same dose of SHIV-NI in
a previous report (Shimtzu et al., 2005) were also utilized. Data
from four naive monkeys (MM298, MM299, MM338, and
MM339) that were infected intravenously with the same dose
(10* TCIDsy) of SHIV-C2/1 KS661, were used as control

(Shimizu e al., 2005),
Lvmphocvie immunophenotvping

Anticoagulated whole-blood specimens or lymphocytes
obtained from peripheral Ivmph node biopsies were immuno-
phenotyped with the following monoclonal antibodies
(MAbs): anti-CD4 (Nichirei, Tokvo, Japan), anti-CDX (Becton
Dickinson), anti-CD3 (BioSource International), anti-CD20
(Becton Dickinson), anu-CD 14 (Beckman Coulter, Miami, FL).
anti-CCR5 (Pharmingen, San Diego, CA), anti-CXCR4 (Phar-
mingen), anti-CD28 (Pharmingen), anti-CD95 (Pharmingen),
anti-CD69 (Pharmingen), anu-CD80 (Pharmingen), anti-
CDI154 (Pharmingen), anti-CD212 (Phammingen), and ant-
HLA-DR (Phanningen). Ten thousand events per sample were
acquired by the FACSCaliber. and data were analyzed by
CellQuest software (Becton Dickinson) and Flowlo software
(TreeStar, San Carlos, CA), Absolute lvmphocyte counts on
blood specimens were obtained with an automated hematology
analyzer (F-820. Sysmex, Kobe, Japan). Penipheral blood
CD4" T lymphocytes counts were calculated by multiplying
the total lymphocyte count by the percentage of CD3'CD4" T
cells.

Plasma viral RNA loads

Plasma viral RNA loads were determined by quantitative RT-
PCR as described previously (Enose et al., 2002: Survanaravana
et al.. 1998). Total RNAs were prepared [rom plasma with a
QlAamp viral RNA kit (QIAGEN, Valencia, CA), and RT-PCR
was performed using a Platinum Quantitative RT-PCR Thermo-
Script one-step systemn kit (Invitrogen Corp., Carlsbad, CA),
The plasma viral loads of SHIV-NI, SHIV-RANTES, and the
challenge virus were differentially evaluated with primer pairs
specific to SHIV-NM3rN and SHIV-C2/1, respectively (Enosc
¢t al.. 2004). These reactions were performed with a Prism 7700
Sequence Detector (Applied Biosystems, Foster City, CA) and
analvzed using the manufacturer’s software.
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Virus isolation

To isolate the virus, CDS8 "-depleted PBMCs were co-cultured
with M8 166 cells, as described previously (Enose et al., 2004).
CD8 -depleted PBMCs were obtained from each monkey by
using mouse anti-human CD8 MAb (Nichirei, Japan) and sheep
anti-mouse 1gG magnetic beads (Dynabeads M-450; Dynal A.
S., Oslo, Norway). Viral recovery, based on the syncytium
formation. was monitored for 4 weeks.

Isalation of proviral DNA

Proviral DNA was extracted from | # 10" PBMCs and tissues
of the inoculated monkeys. When the virus was re-isolated,
CDS8 " -depleted PBMCs, which were co-cultured with M8166
cells, were also monitored. Cellular DNAs were extracted using
DNeasy tissue kits (QIAGEN). To check the stability of inserted
RANTES gene in SHIV-RANTES, the proviral DNA [ragments
covering the inserted RANTES gene in SHIV-RANTES were
amplified by PCR with primers specific for the wef- region
(Kuwata et al_. 2000: Shimizu et al. 2006). The lengths of DNA
fragments generated by this reaction were 415 bp for the SHIV
contaning the intact RANTES gene and |54 bp for SHIV-NI. The
proviral DNA loads were determined by quantitative PCR. PCR
was performed with a Tagman PCR reagem kit (Perkin Elmer)
using the same primer and probe which were used in RT-PCR. A
standard curve was generated from a plasmid DNA sample
comaining the full genome of SHIV-NM3rN or SHIV-C2/1
KS661, which was quantified with a UV-spectrophotometer.

Determination of pl level af RANTES

Plasma RANTES concentration was measured using a
human RANTES ELISA kit (R&D Systems, Inc., Minneapolis,
MN), which is known to cross-react with rhesus RANTES
{Kwaolic et al., 2000). Because chemokine gene transcription
can change dramatically during storage of whole bloed for
periods of as little as 6 h (Tanner et al., 2002), platelet-poor
plasma was prepared from whole blood samples within 2 h by
centrifugation at 10,000x=g for 10 min at 4 “C according to the
manufacturer’'s recommendation. Samples that had been
aliquoted and stored at =80 °C were thawed immediately
before assay and were not reused.

Chemaokine and cviokine mRNA analvsis by real-time PCR
amplification

Inguinal lymph nodes suspensions were collected from
rhesus macaques at the time of biopsy. Total RNA was isolated
using an RNA Mini kit (Qiagen). All samples were DNase
(Qiagen)-treated for 20 min at 37 °C. cDNA was prepared using
random hexamer primers (Invitrogen) and M-MLV-Reverse-
Transcriptase (Super Script II1, Invitrogen). Real-time PCR
amplifications were conducted by SYBR Green methods.
Oligonucleotide primers were designed for the TagMan assay
based on previously published reports (Abel et al, 2001
Hofmann-Lehmann et al., 2002). The following primers were
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used: IFN-y (F, GAAAAGCTGACCAATTATTCGGTAA; R,
AGCCATCACTTGGATGAGTTCA), IL-2 (F, CACCAGGAT-
GCTCACATTTAAGTT: R,GAGGTTTGAGTTCTTCTTCTA-
GACACTGA). IL-4 (F, AAACGGCTCGACAGGAACCT: R
CTCTGGTTGGCTTCCTTCACA), IL-10 (F, CACGACCCA-
GACATCAAGGA; R, CCACGGCCTTGCTCTTGTT), TNF-a
(F. GGCTCAGGCAGTCAGATCATC; R, GCTTGAG-
GGTTTGCTACAACATG), RANTES (F, ACCAGTGG-
CAAGTGCTCCA; R, TGGCACACACTTGGCGATT), and
glyeeraldehydes-3-phosphate  dehydrogenase (GAPDH) (F,
GCACCACCAACTGCTTAGCAC: R, TCTTCTGGGTGG-
CAGTGATG). Primers were used at a final concentration of
50 or 300 nM. The reaction was carried out in a 25 ul reaction
volume comaining appropriate diluted 5 pl of cDNA with SYBR
Green PCR master Mix (Applied Biosystems). All sequences
were amplified using the following amplification program:
2 min at 50 °C, 10 min at 93 °C, followed by 50 to 55 cyeles of
15 s a1 95 °C and | min at 60 °C with a Pnsm 7700 or 7000
Sequence Detector (Applied Biosystems). Samples were tested
mn duplicate. and the PCR for the housekeeping gene (GAPDH)
and the target (cytokine or chemokine) gene was run in parallel
on the same plate. The relative quantities of cytokine mRNA
transeripts were determined by comparative threshold eyele (Cr)
methods (A ACpmethods) (Pfaffl, 2001), In this analysis, the Cr
value for the housekeeping gene is subtracted from the Cy value
of the target gene (ACT). The target gene and the housekeeping
gene were amplified with the same efficiency (data not shown).
The mRNA samples from one SHIV-NI-immunized monkey.
MM428, were defined as a standard. AACy values were cal-
culated as follows: AACy=AC; value for each individual
monkey-ACy value of standard monkey. Then. the relative

quantitation of cytokine mRNA expression level was caleulated
by 2 33€T,

FProliferation assays

Lymphocyte proliferation was measured by incorporation of
BrdU into the stimulated-lymphocyies (Shimizu et al., 2005).
PBMCs (2 » 10%) were cultured in a 96-well plate in RPMI 1640
with 10% FCS (complete RPMI medium). The recombinant
viral proteins of SIV Gag (SIVmac2S1 p27: 5.0 pgml:
Advanced Biotechnologies, Inc., Columbia, MD) were used
for amtigen-specific stimulation. Concanavalin A (ConA:
0.5 pg/ml: Sigma, St. Louis, MO) was used for polyclonal
stimulation. The plates were incubated for 72 h at 37 °C. After
the incubation, the cells were cultured for another 24 h in the
presence of BrdU. Then lymphocyte proliferation was measured
using a BrdU-Flow kit (Pharmingen) following the manufac-
turer’s recommendations. To characterize the Iymphocyte
subsets in the proliferated cells, cells were stained for surface
markers with MAb CD4-PE (Nichirei) and CD8-PerCP (Becton
Dickinson). The cells were stained with MAb BrdU-FITC afier
fixation and permeabilization, and then analyzed by FACScan
{Becton Dickinson). Proliferation responses to the antigens
were considered positive if the stimulation index (S1=titers for
antigen-stimulated samples/titers for control samples without
antigens) exceeded 2.0 (Shimizu et al,, 2005),

IFN-y ELISpot

The frequency of antigen-specific IFN-y-producing cells
from PBMCs was determined by ELISpot analysis. The IFN-vy
ELISpot assay was conducted according to the protocol provided
by the manufacturer (Mabtech, Nacka Strand, Sweden). Briefly,
96-well Multiscreen-1P plates (Muluscreen MAIPS45-10.,
Millipore, Bedford, MA) were coated with 15 pg/ml anti-IFN-
+ Mab in sterilized phosphate-buffered saline (PBS) ovemnight at
4 °C. Then, PBMCs were incubated with or without 5 pg/ml of
SIV Gag for 24 h at 37 °C and were added to the pre-coated
plates at 2.0 and 5.0 # 10° cells/well in complete RPMI medium.
Experiments were performed in duplicate wells. PBMCs which
were incubated with 0.5 pg/mlof ConA for 2h at 37 °C were also
used as a polyclonal sumulation, Plates were incubated for about
36 h a1 37 °C. Following incubation, cells were removed, and
residual cells were lysed with ice-cold water for 10 min.
Biotinylated anti-IFN-y monoclonal antibody was added and
incubated for 3 h at room temperature, followed by addition of
streptavidin-horseradish peroxidase for 2 h at room temperature.
Spots were developed with a Vector NovaeRED™ Substrate kit
for peroxidase (Vector Labs, CA). The number of spot-forming
cells was determined by using a light microscope. The average
number of spots present in the non-stimulated cultures was
subtracted from the average number in the antigen-stimulated
cultures.

Determination of anti-SHIV amibady titers

Anti-SHIV antibody titers in the plasma of the monkeys were
determined using a commercial particle agglutination test kit
(Genedia HIV-1/2, Fujirebio Inc., Tokyo, Japan). The samples
were serially two-fold diluted and assayed following the
manufacturer’s recommendations, The end-point tter was
determined as the highest dilution to give a positive result.

Statistical analysis

Differences between the SHIV-RANTES- and SHIV-NI-
inoculated monkeys were analyzed with the Mann-Whimey U
test. P values <0.05 were considered statstically sigmificant.
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To analyze the relationship between acute virus-induced injury and the subsequent disease phenotype, we
compared the virus replication and CD4* T-cell profiles for monkeys infected with isogenic highly pathogenic
(KS661) and moderately pathogenic (#64) simian-human immunodeficiency viruses (SHIVs). Intrarectal
infusion of SHIV-KS661 resulted in rapid, systemic, and massive virus replication, while SHIV.#64 replicated
more slowly and reached lower titers. Wherens KS661 systemically depleted CD4* T cells, #64 caused
significant CD4Y T-cell depletion only in the small intestine. We conclude that SHIV, regardless of pathoge-
nicity, can cause injury to the small intestine and leads to CD4™ Tecell depletion in infected animals during

acute infection,

h

The hish[\" pﬂlh&\gﬂﬂi{: fe =;LI=IIL’ Vi-
rus (SHIV) SHIV-C2/1-KS661 (KS661), which was denived
from SHIV-89.6 (23), replicates to high titers and causes the
ireversible depletion of the arculating CD4™ T cells during
the acute phase of intravenous infection, followed by AIDS-
like disease within | vear (23). We previously reported that
KS661 massively replicates and depletes CD4™ T cells in both
peripheral and mucosal lvmphoid tissues during the initial 4
weeks postinfection (16). On the other hand, the isogenic
SHIV-#64 (#64), which was derived from SHIV-89.6P, is
moderately pathogenic. The genomic sequences of the two
SHIVs differ by only 0.16%, resulting in a total of six amino
acid changes in the products of the pal, env-gp41, and rev genes.
The intravenous inoculation of rhesus macaques with #64 in-
duces plasma viral burdens comparable to those induced by
KS661 during the acute phase of infection and causes a tran-
sient reduction of the circulating CD4™ T lymphocytes (10),
After the acute phase, the viral loads decline to undetectable
levels and the populations of CD4" T cells recover to prein-
fection Jevels.

To clarify the relationship between acule viral replication
kinetics and subsequent clinical courses for these isogenic
SHIVs with distinct pathogenicities, we examined proviral
DNA, infectious-virus-producing cells (IVPCs), and CD4° T-

* Corresponding author. Mailing address: Laboratory of Primate
Maodel. Experimental Research Center for Infectious Duascs. Insti-
tute for Virus Research. Kyolo University, 53 Shogoinkawaram. achi
Sakyo-ku, Kyoto 606-8507, Japan. Phone: $1-75-751-3984, Fax: 81-75-
761-9335. E-mail: tmiura@virus kyoto-i.ac.jp.

+ These authors contributed equally to this work.
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cell depletion in peripheral and mucosal lymphoid tissues of 17
infected (Table 1) and 7 uninfected adult rhesus macagues
(Macaca mulanta). Both Chinese and Indian rhesus monkeys
were randomly assigned to these groups. The monkeys were
used in accordance with the institutional regulations approved
by the Committee for Experimental Use of Nonhuman Pri-
mates of the Institute for Virus Research, Kyoto University,
Kyoto, Japan. The animals were inoculated via intrarectal in-
fusion as described previously (17). Following serial euthana-
sia, lissues were collected and analyzed up to 27 days postin-
fection (dpi) as described previously (16, 17).

Gross virus replication was 1 by ing pl
viral loads by reverse transcriptase PCR (16). By 6 dpi, plasma
viral RNA levels became detectable in all the KS661-infected
macaques (Fig. 1A) and three of seven #64-infected macagues
(animals MM372, MM391, and MM374) (Fig. 1B). Although
the plasma viral loads of the two groups at 12 dpi, when the
virus loads reached their initial peaks, were not significantly
different (P = 0.1673), the average load (= the standard de-
viation) in KS661-infected monkeys (9.3 x 10° = 159 x 10°
copies/ml) was about 10 times higher than that in #64-infected
monkeys (63 x 107 = 11.6 x 107 copies/ml). These results
suggest that KS661 spread faster and reached a somewhat
higher titer than did #64 when the viruses were inoculated
intrarectally.

Levels of peripheral blood CD4" T lymphocytes in all-the
KS661-infected monkeys decreased substantially within 4
weeks (Fig. 1C). On the other hand, the reductions in the levels
of CD4™ T cells varied among the #64-infected monkeys (Fig.
1D). For example, MM378 did not exhibit any appreciable
changes, even though the plasma viral RNA load in this mon-
key reached 2.6 % 107 copies/ml by 21 dpi (Fig. 1 B and D).
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TABLE 1. Experimental schedule for individual monkeys”
Monkeys examined al:
Virus (inoculum size)
o dpi 13 &pi 27 dpi

KS661 (2 % 10" TCIDs,) MM300, MM309

#64 (2 x 1F TCIDs,) MM379, MM390

MM313, MM334, MM392. MM393

MM372 MM373%, MM301

MM308, MM310, MM39%4, MM305

MM374. MM3TE

“ T Dy, 0% tissue culture infective doses; *, MM373 received 2

I'hese data suggest that the decline in circulating CD47 T cells
in KS661-infected animals was more severe and more repro-
ducible than that in the #64-infected monkeys.

Another highly pathogeme SHIV, SHIV-DHI2R. is known
Lo cause systemic and synchronous replication events in ani-
mals following intravenous inoculation (6). To reveal the
spread of virus in monkeys following intrarectal infection, we
measured proviral DNA loads 1n a variety ol lssues as de-
scribed previously (16). KS661 proviral DNA was detected not
only in samples from the rectums, the site of virus inoculation,
but also i penpheral blood mononuclear cells and some

sinel vmed sionad sl s und ool 5

1] 5 10 15 20 25
Days post inlection
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lymph nodes (1LN) at 6 dpi (Fig. 2A), suggesting that the virus
was already spreading systemically. At 13 dpi, when the viral
RNA loads in peripheral blood increased to the highest titers,
proviral DNA levels in all of the tissues examined also in-
creased, with levels in most monkeys exceeding 107 copies/ g
of DNA. The levels of proviral DNA in all the tissues declined
remarkably by 27 dpi. In contrast, #64 proviral DNA was
detected only in the rectum of one (MM390) of the two mon-
keys examined at 6 dpi (Fig. 2A). At 13 dpi. the amount of
proviral DNA in each tissue sample from #64-infected mon-
kevs (<10° copies/pg of DNA) was considerably smaller than
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FIG. 1. Plasma viral RNA loads and profiles of circulating CD4" T cells for monkeys intrarectally infected with highly pathogenic KS661 and
moderately pnthn‘gcnic #64. (A and B) Plasma viral RNA loads were measured by quantitative reverse transcriptase PCR. The detection limit of
this assay was 107 copies/ml. (C and D) Levels of CD4° T cells in peripheral blood samples from monkeys infected with KS661 and #64. The
absolute number of CD3* CD4" cells in peripheral blood immediately before infection (day 0 postinfection) was defined as 100% for each

monkey.
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that in each sample from the KS661-infected monkeys. How-
ever, unlike the KS661 praviral DNA levels, the #64 proviral
DNA levels in most tissues were maintained up to 27 dpi.
These resulis suggesi that #64 spread more slowly than KS661
and that the amounts of proviral DNA in a variety of tissues
from the #64-infected animals were smaller than those in the
tissues from KS661-infected animals around the initial peak of
plasma viremia.

Because the amount of proviral DNA measured by PCR
may include nonreplicating remnants of the viral genome, we
also measured the number of IVPCs in each tissue sample by
a plaque assav as described previously (9, 15). Briefly, cells
prepared from infected animals were mixed with human T-
Iymphoid M8166 indicator cells, resuspended in culture me-
dium containing 0.4% agarose, and plated into petri dishes.
The plaques that formed in the cell laver were counted after 10
days of cultivation, and the number of IVPCs was calculated.
Faor the KS661-infected monkeys, high numbers of IVPCs in all
the tissue samples examined at 13 dpi were detected (Fig. 2B).
Among these samples, the thymus and mesenteric LN samples
harbored especially high numbers of IVPCs (more than 500/
10° cells) at 13 dpi. The numbers of IVPCs dedlined remark-
ably from 12 to 27 dpi. We concluded that KS661 replicated
systemically and synchronously in a variety of tissues, including
the intestinal tract, at 13 dpi. In contrast, #64 production
patterns in different tssues were nol synchronous. Among
#64-mfected monkeys at 6 dpi, virus production was most
active in the jejunum lamina propria lymphocvies (LPL) of
MM390 (166 IVPCs/10® cells). At 13 dpi, interestingly, mes-
enteric LN became the center of virus production in two of the
three monkeys examined (MM372 and MM373: 259 and 160
IVPCs/10° cells). In the other monkey (MM391), the jejunum
had the highest number of IVPCs, followed by the mesenteric
LN. These results suggested that the virus that replicated in the
jejunum spread directly into the mesenteric LN via the flow of
lymphatic fluid. At 27 dpi, the thymus tissues of both monkeys
examined (MM2374 and MM378) exhibited the highest num-
bers of IVPCs. In summary, the systemic dissemination of #64
was slower than that of KS661, and it was particularly delayed
in the thymus during the acule phase.

Systemic CD4" cell depletion is the signature of disease
induced by highly pathogenic SHIVs (7, 8, 22). We therefore
compared the frequencies of CD4" cells in tissues from the
animals infected with KS661 and #64, in addition to those of
the circulating CD4 ™ T lymphocytes. As representatives of the
major virus-producing organs, the thymus, the mesenteric LN,
and the jejunum were selecied for examination. CD4 cell num-

NOTES 6043

bers were measured by histoch: Iy vses as de-
scribed previously (18). Uninfected thymus tissue contained
abundant CD4" cells that were stained brown (Fig. 3A, panel
a), while the ussue collected from the KS661-infected anamal
at 27 dpi harbored few such cells (Fig 3A, panel b). #64
caused virtually no CD4" cell depletion in the thymus at 27 dpi
(Fig. 3A, panel c). In the mesenteric LN of uninfected mon-
keys, CD47 eells were found in the paracortical region (Fig
3A, panel d). KS661 depleted CD47 cells in this area (Fig, 3A,
panel ¢). Unlike KS661, #64 did not reduce the level of CD4”
cells (Fig. 3A, panel f). The jejunum samples from uminfected
amimals contained CD4" cells in the lamina propria and folli-
cles of gut-associated lymphatic tissues (Fig. 3 A, panel g).
KS661 depleted CDA™ cells in these tissues, too (Fig. 3A, panel
h). Interestingly, #62 caused CD4 cell depletion in the small
intestine comparable to that caused by KS661 (Fig. 3A. panel
i). To confirm the observed cell reduction in the jejunum sam-
ples, we randomly selected a total of 40 ficlds on the ussue
sections from each animal for viewing at a total magnification
of x40, counted CD47 cells, and averaged the numbers (Fig.
3B). The CD4 " cell densities in the jejunum samples from the
#64-infected monkeys were significantly lower than those in
the ples from Is (P < 0.001). This gut-
specific CD4" cell depletion caused by #64 prompted us to
analyze the frequencies of CDA™ T cells (including CD<4 and
CD4 doubly positive cells) in a variety of tissues by flow cy-
tometry (Fig. 3C). KS661 caused systemic CD4 " T-lvmphocvie
depletion by 27 dpi (Fig. 3C). In agreement with the immuno-
histochemistry results, #64 significantly depleted CD4" T cells
only in the jejunum intracpithelial ymphoeytes and LPL (P =
0.01 and 0.003. respectively) (Fig. 3C) by 27 dpi. although we
examined only two #64-infected monkeys at 27 dpi. In conclu-
sion, the CD4" T-cell depletion patterns caused by KS661 and
#64 were distinet, and the small intestine was the only site in
which CD47 T cells were significantly depleted by the moder-
ately pathogenic #064.

Taken together, our results show that #64 disseminated
more slowly and replicated less than KS661 in systemic lvm-
phoid tissues, as well as in peripheral blood, during the acute
phase of infection. We believe that because of its low rate and
low levels of replication, #64 could not cause irreversible in-
jury before the host mounted an immune reaction. As a result,
CD4" T cells were not completely depleted in all the tissues
examined, except in the small intestine. These results suggest
that the small intestine is the tissue most sensitive 1o virus-
induced CD4" T-cell depletion during the acute phase of in-
fection. Recent reports revealed that severe acute depletions

infected

FIG. 3. Profiles of CD4™ T cells in systemic lymphoid tissues during acule infection. (A) Immunohistochemical staining for CD4 molecules
(stained brown) in the thymus, mesenteric (mes.) LN, and jejunum lissues of KS661- or #64-infected monkeys at 27 dpi. in addition to those of
uninfected monkeys. Black scale bars, 100 um; white scale burs in insets of panels g. b, and i. 50 um. (B) Comparison of CD4” cell frequencies
in the jejunum LPL of uninfected and #6d-infected monkeys at 27 dpi. A total of forty randomly selected fields (total magnification, X400) of at
least four tissue sections per animal were used for the analysis of jejunum LPL. P values (delermined by Student’s / test with 957 confidence
intervals) are for comparisons of each #64-infected monkey with uninf i keys. (C) Perc ges of CD4™ T cells among total lymphocytes
from KS661- and #64-infected monkeys. In each graph. data for 0 dpi (time points postinfection are shown along the x axis) are averages of
percentages [or seven uninfected control monkeys. Percentages of CD4" T cells (including CD4 and CD8 doubly positive cells) were obtained by
first gating lymphocytes and then CD3° T cells with a flow cytometer. PBMC. peripheral blood mononuclear cells: Ing., inguinal; Jej.. jejunum:
iEL, intraepithelial lymphocytes; BM. bone marrow: Col.. colon; =, P < 0,05 (percentage at 0} dpi versus that at 27 dpi: Student’s 1 lest with a 95%
confidence interval).
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of mucasal CD4 " T cells have been observed in simian immu-
nodeficiency virus-infected monkeys (11, 12, 24, 25) and hu-
man immunaodeficiency virus-infected humans (2, 5, 13). The
acute depletion of mucosal CD4™ T eells and the disease
outcome are correlated (1, 3, 21, 26). However, a decrease of
mucosal CD4° T cells has also been observed in the early
phases of natural host infections, such as SIVagm infection in
Alrican green monkeys and SIVsmm infection in sooty manga-
beys, which typically do not progress to AIDS (4, 14, 19). In
addition, the levels of apoptosis and immune activation and the
degrees of CD47 T-cell restoration differ between progressors
and nonprogressors in simian immunodeficiency virus models
(4. 14, 19). Taken together, these results rase the possibility
that the severe acute depletion of mucosal CD4" T eells is not
sufficient o induce AIDS. The restoration of CD4 7 T cells and
normal immune function after the severe acute depletion may
define the eventual disease outcome (20). The abilities of
KS661- and #64-infected monkeys o restore the immune sys-
tem may be different. because KS061. but not #64, impairs
thymic T-cell differentiation (18). Currently. we are focusing
on the restoration of D47 T cells and the funclional aspect of
the immune cells in the small intestines of animals infected
with KS661 and #6064 1w further clarify the determinant(s) of
the disease outcome
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Congenital Cystic Adenomatoid-like Malformation in a Cynomolgus

Monkey (Macaca fascicularis)

S. OxkaayasHl, C. Ouno, M. Kato, H. Nakavama, anp Y. Yasutomi

Tsukuba Primate Research Center, National Institute of Biomedical Innovation, Ibaraki, Japan (SO,
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(80, CO, MK); and the Laboratory of Veterinary Pathology, Graduate School of Agricultural and Life
Sciences, The University of Tokyo, Tokyo, Japan (HN)

Abstract, Congenital cystic adenomatoid malformation (CCAM) is a developmental lung abnormality
characterized by abnormal proliferation of mesenchymal elements and failure of bronchiolar structures to
mature, ultimately resulting in the compression of normal pulmonary tissue and mediastinal shift with
rapid expansion of cysts. Although various clinical and pathologic studies of CCAM in humans exist,
CCAM has yet to be reported in animals, even in nonhuman primates. In the present study,
histopathologic analyses of a neonatal cynomolgus monkey that died 17 days after birth revealed that
normal lung architecture was replaced by disorganized overgrowths of cysts lined with simple cuboidal
epithelium, The epithelium projected a few ciliates into the air spaces and produced mucus. To our
knowledge. this is the first case study describing CCAM or a CCAM-like lesion in nonhuman primates.

Key words:  Congenital cystic adenomatoid malformation; cynomolgus monkey; histopathological

analyses: lung.

Congenital cystic adenomatoid malformation (CCAM)
is a rare fetal developmental abnormality of the lung. First
described by Ch'in and Tang in 1949, it is characterized by
abnormal development of terminal respiratory structures,
resulting in an adenomatoid proliferation of bronchiolar
elements and cyst formation,'"'%"® CCAM is observed
mainly during the neonatal period and infancy and can be
diagnosed prenatally by ultrasonography after 16 weeks of
gestation ™" CCAM lesions are believed to be a
consequence of abnormal embryogenesis during the first 6
to 7 weeks of pregnacy.'®

Stoker et al.'"™" classified CCAM into three types
based on clinical and histologic criteria, In the neonatal
period, the expansion of cysts and the compression of
surrounding lung parenchyma cause progressive respi-
ratory distress.''? Moreover, emphysema-related lung
masses also cause dyspnea, eventually leading to
death.'"™'"? Fetuses with CCAM tend to be bom
prematurely or are stillborn.'? Due to the severity and
impact of this disorder, numerous clinical and patho-
logic studies in humans have focused on determining the
pathologic mechanisms underlying CCAM and the
clinical management of CCAM."**' 7 Although
CCAM is well characterized in humans, CCAM or
CCAM-like pathogenesis has not been reported in
animals. To our knowledge. we report here the first
case of CCAM in a nonhuman primate, as demonstrat-
ed through histopathologic analyses of a neonatal
cynomolgus monkey.

A male cynomolgus monkey (Macaca fascicularis)
born in our colony died naturally 17 days after birth.
The animal was housed in an individual cage with its

mother and maintained according to the National
Institute of Biomedical Innovation rules and guidelines
for experimental animal welfare. The mother monkey
had the experience to raise another 6 baby monkeys. In
this case, the mother monkey embraced her baby as
usual, and the lactation also was observed. After birth,
breeding staff members observed the baby monkey to
check its health status; however, they could not find
any abnormalities until 3 days before it died. Necropsy
was performed. Tissues were fixed in 10% neutral-
buffered formalin, processed conventionally, embedded
in paraffin, cut into 3-um-thick sections, and stained
with hematoxylin and eosin. Lung tissues were also
stained with periodic acid-Schiff (PAS), Alcian blue
(AB). Masson's trichrome, and elastica van Gieson
stains.

For immunohistochemical analyses, sections were
first deparaffinized by pretreatment with 0.3% H,0,
solution. Next, sections underwent antigen retrieval with
citric acid buffer and heating in an autoclave at 121°C
for 10 minutes. Finally, sections were incubated free
floating in primary antibody solution overnight at 4°C.
The primary antibodies were anti-cytokeratin antibody
(AE1/AE3 clone; 1:50; Dako, Glostrup, Denmark), anti-
vimentin antibody (1:100; Dako), and anti-von Will-
ebrand factor VIII antibody (1:400; Dako). Following
brief washes with bufTer, the sections were sequentially
incubated with Polymer immunocomplex (Dako) for
30 minutes. Immunoreactive elements were visualized
by treating the sections with 3-3' diaminobenzidine
tetroxide (Dojin Kagaku, Kumamoto, Japan). The
sections then were counterstained with hematoxylin.
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1

Fig. 1. Lung, 17-day-old monkey. The right lower
lobe contains a 3.5em X 2em X 1 em, thin-walled,
multicystic structure filled with air, The remaining lobes
were pinkish-red and showed signs of atelectasis. Bar =
5 mm.

Macroscopically, lesions were confined to the right
lower pulmonary lobe. In the lesion area, we found a
thin-walled multicystic structure (3.5cm X 2em X
I cm) filled with air (Fig. 1). The other pulmonary lobes
were pinkish-red and showed signs of atelectasis
(Fig. 1). In heart, both atria dilated with clot. Micro-
scopically, the affected lung displayed diffuse, abnormal
architecture composed of numerous large, partially
collapsed air spaces. These lesions looked like adeno-
matoids, and air spaces were lined with simple cuboidal
epithelium surrounded by connective tissue and imma-

Fig. 2. Lung,

17-day-old monkey. Photomicro-
graph of affected lung showing diffusely abnormal
architecture characterized by numerous large air spaces
lined with epithelium surrounded by connective tissue
and immature cartilage (arrowheads). HE. Bar =
250 pm,
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Fig. 3. Lung, 17-day-old monkey. Air spaces are
lined with simple cuboidal epithelium. A few ciliated
cells (arrowheads) were observed within some air spaces.
HE. Bar = 6 pm,

ture cartilage (Fig. 2). Within the air spaces, we found a
few ciliates (Fig. 3), and PAS stained a little mucus on a
part of epithelium (Fig. 4). AB weakly stained prema-
ture cartilage. Masson trichrome stained fibrous inter-
stices, but smooth muscles were not observed. Elastica
van Gieson stained elastic fibers around the air spaces.
Other lung tissues were congested and were compressed
by the surrounding mass. The border between the cystic
lesion and normal tissue was not clear. In liver and
kidney, congestion was observed.
Immunohistochemical analyses revealed that the
epithelium of the lesion was immunopositive for cyloker-
atin but negative for vimentin and von Willebrand factor
VIII. However, the fibrous interstices and premature
cartilage of the lesion were immunopositive for vimentin.

Fig. 4.

Lung. 17-day-old monkey. Periodic acid
ShilT demonstrated mucus (arrowheads) on a part of the
epithelium lining air spaces. Bar = 8 pm.
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The congenital pulmonary abnormalities can be
divided into some classifications.**

1. Bronchopulmonary sequestration:** bronchopul-
monary sequestration is a pulmonary malformation in
which a portion of lung parenchyma has no communi-
cation with the tracheobronchial tree and receives its
blood supply via a systemic artery. The abnormality is
observed as intralobar or extralobar. The first type
(intralobar sequestration [ILS]) is contiguous with
normal lung parenchyma and within the same visceral
pleural envelope. The abnormal tissue is usually well
demarcated from surrounding lung parenchyma and
consists of one or more cystic spaces filled with mucus or
pus. Microscopically. they resemble dilated bronchi, with
respiratory epithelium and occasional mural cartilage
plates. The latter type (extralobar sequestration [ELS]) is
enclosed within its own pleural membrane, usually close
to a normal lung. In addition to these types. the
bronchopulmonary foregut malformation (BPFM)7 is
characterized by the pulmonary sequestrations that
communicate with the upper gastrointestinal tract.

2. Bronchogenic cysts:*® Bronchogenic cysts are
lesions of congenital origin derived from the primitive
foregut and are usually solitary, thin-walled, unilocular,
and roughly spherical. They are filled with either mucus
or serous fluid, and they do not communicate with the
trancheobronchial tree. Microscopically, the cyst wall is
lined by respiratory epithelium and contains cartilage,
smooth muscle and, sometimes, seromucinous bronchi-
al-type glands.

3. Congenital lobar emphysema (CLE):** CLE is
characterized by severe overinflation of a pulmonary
lobe. The pathogenesis is perhaps due to hypoplasia of
bronchial cartilage. Microscopically, there is massive
distention of alveolar spaces, but not tissue destruction.

4. Congenital cystic adenomatoid malformation
(CCAM): 3261819 CCAM consists of an intralobar mass
of disorganized pulmonary tissue that can exist with or
without gross cyst formation. The anomaly is considered
by some to represent a hamartoma, whereas others feel
that it results from localized arrested development of the
fetal bronchial tree. The cysts can usually be shown 10
communicate with normal airways: vascularization is by
way of the pulmonary circulation. The histologic
appearances give rise to the name, as there are numerous
spaces of varying size, some of which resemble glandular
acini, being lined cuboidal or columnar epithelium.
According to the Stocker et al.'®!'” on the basis of 38
cases, CCAM is classified into three categories. Type |
consists of some large cysts (=2 cm in diameter), The
lesions are lined by ciliated cuboidal or columnar
epithelium with elastic tissue or smooth muscle.
Mucus-producing cells or cartilage may be present.
Relatively normal alveoli may be seen between or
adjacent to these cysts. Type II consists of small cysts
(<2 c¢m in diameter) lacking mucus-producing cells and
cartilage. Type III consists of bulky. firm, solid mass
with small cysts (<0.5 cm in diameter). The lesions are
lined with nonciliated cuboidal epithelium.
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In this case, we found the abnormal architecture
composed of numerous large air spaces. These cysis
looked like adenomatoids, and they were lined with
simple cuboidal epithelium surrounded by elastic
tissue and premature cartilage. These pathologic
features are different from that of ILS, ELS. BPFM,
bronchogenic cysts, or CLE, because cysts were not
unilocular, they did not include mucus or serous fluid,
and they had neither abnormal artery nor communi-
cation with the upper gastrointestinal tract. Further-
more, the lesions were not massive distentions of
alveolar spaces. Taken together, this monkey case is
considered CCAM.

We applied the Stocker et al.'®'? classification scheme
to our monkey case, since no reports on CCAM in
animals currently exist. In this monkey case, we
observed large cysts greater than 2cm in diameter
(Fig. 1) lined with sparsely ciliated epithelium (Fig. 3)
that produced a little mucus in a part (Fig. 4). These
cysts also contained immature cartilage (Fig. 2). Thus,
this monkey case exhibited sufficient pathologic features
to meet the criteria for type I CCAM. We considered
that pulmonary lobes were compressed by cysts and
alveolars were collapsed. so that this monkey would
suffer from respiratory distress and die. Moreover, the
heart or great vessel may be compressed by pulmonary
cysis, so that we consider liver and kidney congestion as
a result of circulatory failure.

To our knowledge. this is the first case study
describing CCAM or CCAM-like lesions in nonhuman
primates. We have no information about the genetic
background of the monkey in this case. Nonetheless,
this case is quite noteworthy, because it provides an
example of CCAM-like pathology in animal tissue.
Should we encounter other CCAM-resembling or
suspicious cases, we will carry out not only histopath-
ologic analyses but also genetic analyses to determine
the genetic background of these monkeys. Accumulat-
ing data from such analyses in nonhuman primates
will contribute greatly to understanding CCAM
pathology.
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Abstract Increase in the number of patients with atopic
dermatitis (AD) has been recently reported. T helper (Th)
cells that infiltrate AD skin lesions are Th2-type dominant;
reduced exposure to environmental Thl-cytokine-inducing
microbes is believed to contribute to the increased number
of AD patients. Regulatory type immune responses have
been also associated with the occurrence of AD. It has been
reported that antigen 85B (Ag85B) purified from mycobac-
teria is a potent inducer of Thl-type immune response in
mice as well as in humans. In this study, we have examined
the effect of plasmid DNA encoding Ag85B derived from
Mycobacterium kansasii on AD skin lesions induced by
oxazolone (OX) application. Th2-cytokine mediated mouse
AD model with immediate type response followed by a late
phase reaction was developed by repeated applications of
low-dose OX to sensitized mice. Mice were immunized
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with plasmid DNA encoding cDNA of Ag85B before OX
sensitization or during repeated elicitation phase. Both ther-
apies were associated with significant suppression of imme-
diate type response, clinical appearance, dermal cell
infiltration, reduced IL-4 production, and augmented [FN-y
mRNA expression compared to placebo-treated mice.
Additionally, increased number of Foxp3® regulatory T
cells were observed in the skin sections in Ag85B treated
mice. The results of this study suggest that AgB5B DNA
vaccine is a potential therapy for Th2 type dermatitis.

Keywords Atopic dermatitis - Antigen 85B -
Regulatory T cell

Abbreviations
AD Atopic dermatitis
Th T helper

BCG Bacillus Calmette-Giierin
Treg Regulatory T cell
Ag85B  Antigen 85B

(8).4 Oxazolone

Introduction

It is known that acute phase skin lesion in atopic dermatitis
(AD) is associated with enhanced secretion of T helper (Th)
2-type cytokines [8]. Increased incidence of atopic disor-
ders has been reported in industrialized countries; accord-
ing to the hygiene hypothesis, the increase in the incidence
of patients may be explained by a better lifestyle and less
exposure to environmental microbes [5, 7, 28]. Environ-
mental microbes such as mycobacteria or certain virus may
promote Thl-type immune response and thus reducing
atopy-associated Th2-type reaction. For instance, the study

@ Springer

= 28—




Arch Dermatol Res

cammied out in Japanese Bacillus Calmette-Giierin (BCG)-
vaccinated school children showed that responders to tuber-
culin had a lower prevalence of atopic disease compared to
tuberculin non-responders [28]. BCG-treated mice showed
suppression of experimental allergic responses [12]. More
recently, it has been shown that microbial stimulation can
induce regulatory T (Treg) cells with the ability to suppress
both Thl-type and Th2-type inflammation [35). In the
experimental model of pulmonary inflammation, Mycobac-
terium vaccae reduces allergic pulmonary inflammation
significantly by increasing the number of Treg cells that
secretes IL-10 and TGF-f[37]. These observations indicate
that shift from Th2 to Th1 type immune response by myco-
bacteria may be used for the prevention and treatment of
atopic disorders.

The specific antigens eliciting Th1-type immune responses
in mycobacteria have not been elucidated so far; a recent
study suggested that one of the specific proteins for Thl
development is antigen 85B (Ag85B) [31]. Ag85B is a 30-
kDa major protein secreted from all Mycobacterium species
and that belongs to the Ag85 family[4]. The AgBSB can
induce a strong Thl-type immune response in mice as well
as in humans [31], and DNA vaccines encoding Ag85B
have been reported to protect animals from tuberculosis
infection by inducing Thl response [34, 36]. We have
previously reported enhancement of anti-tumor specific
CTL response using Ag85B-transfected tumor cells, and by
inducing Thl-type immune responses as a vaccine adjuvant

22, 30].

The purpose of the present study was to evaluate the
therapeutic efficacy of Ag85B derived from M. kansasii in
acute phase dermatitis. Repeated applications of hapten
such as oxazolone (OX) on BALB/c mice causes delayed
type hypersensitivity in the beginning that changes to an
immediate-type response in the late phases with elevated
IgE production, and deviation of Th cell responses. The
skin lesions that appear in late phases are compatible with
the clinical findings as well as cytokine profile observed in
AD [19, 21]. In all Ag85B-treated AD mice, the immediate
type reaction is effectively suppressed and IL-4 is signifi-
cantly reduced. The results of this study provide evidence
for the potential usefulness of Ag85B as a novel approach
for the treatment of Th2 type-mediated dermatitis such as
AD.

Materials and methods
Animals
Six-week-old BALB/c male mice were purchased from

Japan SLC Co. (Shizuoka, Japan) and used at the age of
7 weeks. Animal care was done according to ethical guide-
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Fig. 1 Model of chronic contact hypersensitivity, and treatment with
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lines, and approved by the Institutional Board Committee
for Animal Care and Use of Mie University.

Sensitization and challenge of animals

Oxazolone was purchased from Sigma (St Louis, MO,
USA), and dissolved in acetone/olive o1l (1:1). As shown in
Fig. I, mice were initially sensitized by pasting 20 pl of
0.5% OX solution to their left ear 7 days prior to the first
challenge (day -7) and then 20 pl of 0.5% OX solution was
repeatedly applied on the left ear three times per week from
day 0. The ear swelling response was expressed as the
difference between before and 30 min after application. The
Ag85B expression vector pcDNA-Ag85B of M. kansasii
open reading frame lacking a signal sequence has been con-
structed into Kpnl-Apal sites of pcDNA3.1 as described
previously [22]. Plasmid DNAs were purified using the
Plasmid Mega Kit (Qiagen, Chatsworth, CA, USA). The
empty plasmid pcDNA3.1 was used as a control, Plasmid
DNAs were diluted with sterilized physiological saline.
Hundred micrograms per mouse of plasmid DNA was
injected intraperitoneally on day -14, -7 to evaluate prophy-
lactic effects, or on day 14 and 21 for the assessment of
therapeutic effects.

Histological analysis

Skin specimens obtained 30 min after the final challenge
were fixed in 10% buffered neutral formaldehyde and
embedded in paraffin. Sections prepared of 7 pm thickness
were stained with hematoxylin and eosin (H&E), or trui-
dine blue.

Immunohistochemistry

The left ear was sacrificed on day 35, and was embedded in
Tissue-Tek OCT compound (Miles, Elkhart, USA), frozen
in liquid nitrogen, and cut with a cryostat into 7 pm-thick
sections. The tissue preparations were then incubated with
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primary antibodies specific for Foxp3 (eBioscience, San
Diego) ovemight, followed by the additional incubation
with Alexa Fluor 633 conjugated secondary antibodies
(Molecular Probes, Eugene, OR, USA) for 30 min at room
temperature. Sections were examined under Fluoview FV1000
laser scanning confocal microscopy (Olympus, Tokyo,
Japan). The numbers of Foxp3™* cells were counted in high
power fields; five randomly chosen fields were evaluated.

Analysis of cytokine mRNA expression in mouse ears

Al 6 h after the final challenge, the left ear skin was sam-
pled. The specimen was homogenized and mRNA was
extracted using lsogen (Nippon Gene, Tokyo, Japan)
according to the manufacture's instruction; | ml of homog-
enate was vigorously mixed with 200 ul of chloroform, and
then centrifuged at 15,000 rpm for 15 min at 4°C. Aqueous
phase was separated and mixed with 0.5 ml of 2-propanol
(Nacalai Tesque, Kyoto, Japan) to precipitate RNA. After
centrifugation, the precipitate was washed with 1 ml of
75% ethanol (Nacalai Tesque) and dried up. RNA was sus-
pended in 50 pl of RNase-free water, the concentration was
calculated based on the absorbance at 260 nm, and the qual-
ity was confirmed by electrophoresis. cDNA was synthe-
sized from 10 pg of mRNA using archive kit (ABI, Foster
City, CA, USA) according to the manufacturer’s protocol.

Cytokine mRNA expression in skin

Real time quantitative reverse transcription-polymerase
chain reaction (RT-PCR) was performed to measure tran-
scriptional activity in the skin lesions. A 25-pl reaction
mixture containing 1 pg total of cDNA, 900 nmol of each
primer, and 250 nmol of TagMan probe were mixed with
12,5 pl of TagMan Master Mix (ABI, Foster City, CA,
USA). The following primers and probes were used for the
PCR reactions: mouse IL-4; forward: 5'-ACAGGAGAA
GGGACGCCAT-3', reverse;: 5-GAAGCCCTACAGAC
GAGCTCA-3', probe: 5'-TCCTCACAGCAACGAAGAA
CACCACA-3"-TAMRA, [FN-y; forward: 5-TCAAGTG
GCATAGATGTGGAAGAA-3', reverse: 5'-TGGCTCT
GCAGGATTTTCATG-3', probe: 5'-TCACCATCCTTTT
GCCAGTTCCTCCAG-3'-TAMRA, IL-10; forward: 5'-G
GTTGCCAAGCCTTATCGGA-3', reverse: 5-ACCTGCT
CCACTGCCTTGCT. probe: 5'-TGAGGCGCTGTCGTC
ATCGATTTCTCCC-3'-TAMRA, TGF-$; forward: 5'-TG
ACGTCACTGGAGTTGTACGG-3', reverse: 5'-GGTTC
ATGTCATGGATGGTGC-3', probe: 5'-TTCAGCGCTC
ACTGCTCTTGTGACAG-3"-TAMRA, f-actin; forward:
5'-AGAGGGAAATCGTGCGTGAC-3', reverse: 5'-CAA
TAGTGATGACCTGGCCGT-3', probe: 5'-CACTGCCG
CATCCTCTTCCTCCC-3'-TAMRA [25]. PCR was per-
formed under the following conditions: 95°C for 10 min,

then 40 cycles of 95°C for 15 s, 60°C for | min were carried
out. Fluorescence data were collected during each anneal-
ing-extension step and analyzed by using ABI Prism SDS
software version 1.9.1. All samples were normalized for to
the f-actin mRNA content,

Measurement of serum IgE

Blood was collected under anesthesia 6 h afier the last chal-
lenge. Serum IgE levels were determined by a sandwich
enzyme-linked immunosorbent assay (BD PharMingen,
CA, USA) according to the manufacturer's instructions,
Optical density of each well was determined by using a
microplate reader (Multiscan JX) (Thermo Electron, Yoko-
hama, Japan). Standard curve was prepared using mouse
anti-TNP IgE standard (BD PharMingen, CA, USA) diluted
with PBS containing 10% FCS.

Statistical analysis

Differences in ear swelling and serum IgE levels were ana-
lyzed by the Kruskal-Wallis test, P < 0,05 was taken as sig-
nificant.

Results
Effect of Ag85B on skin inflammation

We first examined whether Ag85B could modulate ear-
swelling reaction in a mouse model of OX-induced AD like
skin lesions. Repeated applications of OX cause Th2-medi-
ated immediate type response. Ear swelling was measured
with thickness gauge calipers before and 30 min after OX
challenge on the pinna of the ear on day 32. In both prophy-
lactic and therapeutic models, the administration of Ag85B
significantly suppressed swelling compared to placebo-
treated controls (Fig. 2a). The OX-challenged placebo-
treated mice showed severe skin inflammation, however
administration of AgB5B DNA reduced atopic inflamma-
tory reactions (Fig. 2b).

Histological analysis

Histological examination in OX-challenged mice showed
epidermal hyperplasia and strong intraepidermal and intra-
dermal inflammatory cell infiltration including mononu-
clear cells, neutrophils, and granular cells (Fig. 3a). Both
prophylactic and therapeutic administration of Ag85B
DNA clearly reduced inflammatory cell infiltration and epi-
dermal thickness. Skin sections stained with truidine blue
showed decreased mast cell infiltration in Ag85B-treated
mice (Fig. 3b).
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Fig. 2 a OX-induced ear swelling, The ear swelling response was ¢x-
pressed as the difference between ear thickness before and 30 min after
each application on day 32, The columns and error bars represent
mean = SEM. *P <005, Swelling was suppressed significamly in
AgB5B-treated mice compared with those in placebo-treated mice. b
Chinical features of ear skin on day 35. The OX-challenged mice
showed severe skin eruption, however administration of the Ag85B
DNA in both prophylactic and therapeutic models clearly reduced
atopic inflammatory reactions in OX-sensitized mice

Ag85B treatment shifted the Th1/Th2 balance toward Thl

IFN-y and IL-12 shift the Th1/Th2 balance toward Thl
condition; while IL-4 and IL-5 are key cytokines in Th2
response [24, 29]. To clarify the type of immune
response in skin lesions after treatment with Ag85B, we

Fig. 3 Histopathological fea- a
tures of skin lesions. Skin was
taken on day 35, paraffin embed-
ded sections were stained with a
hematoxylin and eosin or b trui-
dine blue. OX-challenged mice
showed epidermal hyperplasia
along with strong intradermal
inflammatory cell infiltration;
whereas Ag8SB DNA signifi-
cantly reduced the inflammatory
changes
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analyzed the mRNA expression levels of IL-4 and IFN-y
by real time quantitative RT-PCR. The results were nor-
malized to the f-actin mRNA content. As shown in
Fig. 4, the expression of IL-4 mRNA was reduced in
Ag85B-treated mice in both prophylactic and therapeutic
models. On the contrary, the expression of IFN-y was
enhanced in Ag85B-treated mice. These results suggest that
the application of Ag85B shifts the immune response
toward Thl-predominace.

Total serum IgE levels

Atopic dermatitis is characterized by elevated IgE levels.
Repeated applications of OX cause a gradual elevation of
antigen-specific IgE level. We analyzed the degrees of IgE
levels in sera collected from experimental mice. Adminis-
tration of Ag85B significantly reduced the serum levels of
IgE (Fig. 5).

Ag85B trearment induces regulatory T cells

TGF-f and IL-10 are important regulatory cytokines pro-
duced by Treg [11]. To investigate the mechanisms of the
therapeutic effectiveness of Ag85B, we examined the
mRNA levels of TGF-£ and IL-10. As shown in Fig. 6a,
TGF-f and IL-10 were significantly increased in Ag85B-
treated mice in both prophylactic and therapeutic models.
And then, we next looked at the induction of Treg in the
inflamed skin, Natwrally occurring CD4*CD25% Treg are
characterized by the expression of Foxp3 [10, 27]. Skin
sections were stained with anti-Foxp3 mAb, and examined
with a fluorescent microscope. As shown in Fig. 6b, Foxp3*
cells were increased in the Ag85B-treated mice.

Ag85B(-14,-7) Ag8SB (14,21)
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Fig. § Serum IgE concentrations. Serum IgE levels were measured on
day 35 in control, AgBSB DNA IP (—14, —7), or AgBSB DNA IP (14,
21) mice. The columns and error bars represent mean 4+ SEM.
*P < 0.05. Administration of AgR5B reduced IgE level

Discussion

Human immune system responds to exogenous microorgan-
isms for self-protection. These responses lead to Thl and/ or
Th2 type cytokine secretion depending on the nature of stim-
uli. AD is a chronic dermatitis characterized by a Th2-type
immune responses that causes elevation of IgE, On the other
hand, some bacterial infections including Mycobacterium
species elicits strong Thl-type responses. Inducers of Thi
type immune response may be used as immuno-modulator
having therapeutic effects against allergic disease elicited by
Th2-type immune responses. Mycobacteria may affect atopic
disorders by correction of the immune response from Th2 to
Th1, Erb et al. reported that M. bovis (BCG) suppresses air-
way eosinophilia and associated local IL-5 production by
inducing Thl-mediated response [9]. Furthermore, recent
studies suggested that mycobacteria induce not only Th cells
providing Thl type immune responses but also Treg cells. In
an animal model of allergy, the immunomodulatory effects of
M. vaccae was found to be mediated by allergen-specific reg-
ulatory T lymphocytes [37], and oral administration of M.
vaccae inhibited pulmonary allergic inflammation by induc-
tion of IL-10 [14],

Alive BCG vaccination has been used for prevention of
tuberculosis. The use of Mycobacterium for immunomodu-
lation requires repeated exposures to the immune system.
However, repeated alive BCG vaccination is contraindi-
cated. For human therapeutic application, it needs intrader-
mal or intramuscular injection for vaccination,
Unfortunately, cutaneous vaccination with Mycobacterium
species commonly produces granulomatous formation lead-
ing to recalcitrant ulcers. We need to develop Thl type
immunomodulating system that induces no granulomatous
reaction, if species of mycobacteria are tried 1o use for
human. The Ag85B protein is a main component of the cell
wall of mycobacteria such as M. tuberculosis and M. kans-
asii [4]; this Ag85B is known as a strong Th1 inducer in
vitro [17, 18]. Experiments using plasmid DNA encoding
Ag85B has been previously reported. This Ag85B is able to
protect against M. tuberculosis even in Balb/c mice [33].
Intraperitoneal administration of Ag85B DNA inhibits
granulomatous changes or adhesive reaction of intraperito-
neal organs in mice (data not shown). As a preliminary
study, Ag85B DNA was intradermally injected in the skin
of mice skin. No ulcerative changes were observed in vac-
cinated areas of the skin (data not shown),

In our present study, we evaluated the efficacy of DNA
encoding Ag85B for inducing Thl- and Treg-type immune
response in OX-induced acute phase dermatitis. Repeated
applications of OX in mice ears caused Th2-type dominant
dermatitis, which mimic most of the characteristic features
of AD [16, 19, 20, 32]. We first investigated whether the
application of Ag85B corrects the immune response from a
type Th2 one to a type Thl response. Our results showed
that Ag85B successfully ameliorates Th2-cytokine domi-
nant immediate type reaction in the skin lesions in both pro-
phylactic and therapeutic models of the disease. In Ag85B-
treated AD skin lesion, the ear swelling was significantly
reduced compared to placebo-treated animals. Administra-
tion of Ag85B DNA suppressed histological abnormalities
caused by atopic inflammations such as inflammatory cell
infiltration, epidermal hyperplasia, and severe edema. The
presence of mast cells in the skin lesion is closely associ-
ated with Th2-type dermatitis; the number of mast cells was
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Fig. 6 a mRNA expression in a
the ear on d-l_\: 35. Quantitative TGF- 8/ B -actin
PCR was performed by using P
specific primers and probes for
IL-10 and TGF-§. Both TGF-f
and IL-10 were increased in the
AgB5B-treated mice. b Foxp3®
cells were clearly observed with
confocal microscopy. ¢ The
number of Foxp3* cells per HFF
was counted in five nonconsecu-
tive fields, and Foxp3"* cells
were found to be increased in
AgB5B-treated mice
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control AgHSHI-14-T)

increased in OX-treated control animals as expected; how-
ever, the number of mast cells was decreased in Ag85B-
treated mice compared with controls. Enhancement of the
expression of IFN-y mRNA was significant in Ag85B-
treated AD mice compared with placebo-treated animals.
The expression of [L-4 mRNA were suppressed in Ag85B-
treated mice compared to placebo-treated controls (Fig. 4).
In addition, serum IgE levels were significantly suppressed
in Ag85B treated mice compared with placebo-treated
mice. These finding demonstrates that administration of
Ag85B DNA significantly inhibited the development of
Th2-cytokine dominant atopic inflammation by inducing
Thl-type immune response.

We also examined the potential of Ag85B to induce Treg
cell responses. TGF-fi and IL-10 have been described as crit-
ical regulatory cytokines produced by Treg [11]. Heat-killed
M. vaccae induces regulatory T cells that secrete IL-10 and
TGF-f [37]. M. vaccae also induces a population of CDI1*
cells characterized by an increased expression of regulatory
cytokines including IL-10 and TGF-f[1]. Treg cells are
developed mainly in the presence of IL-10 and TGF-§ [13].
More recently, Inoue and Aramaki reported that topical
application of CpG-Oligodeoxynucleotides induces Foxp3*
Treg in skin lesions of AD model mice in association with
elevation of TGF-f[15]. Depletion of CD4*CD25*Treg from
the peripheral blood of healthy individuals enhances prolifer-
ation of Th2 in response to various allergens [6, 23]. The
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mechanisms of the suppressive activity of Treg depend on
cell-to-cell contact, and there is evidence for the involvement
of IL-10 and TGF-f[2, 3, 26). In this study, we have shown
elevated expression of TGF-f# and IL-10 in Ag85B-treated
mice (Fig. 6a), and Foxp3™ Treg was increased in the
Ag85B-treated skin (Fig. 6b). We assume that the therapeu-
tics capability of Ag85B is related to the induction of
Foxp3*Treg and Thl-type immune response.

In brief, in this study we have shown the usefulness of
plasmid DNA of AgR5B for the amelioratdon of Th1/Th2
imbalance and for the generation of Treg cells. The obser-
vations suggest that Ag85B may be useful for the preven-
tion and treatment of atopic disorders.
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