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Fig. 1. Distribution of virus in various tissues of
SHIV-KS661-infected rhesus macaques. (a)
Time course of plasma viral. RNA loads as
measured by quantitative RT-PCR. The detection
limit of plasma viral RNA loads was 500 copies
mi~". The animal ID numbers, infection route and
when. and how. they. were. euthanized are
indicated. on the. figure. IV, Intravenous-inocu-
lation;. IR,. intrarectal . inoculation; - re,. required
euthanasia; se, scheduled euthanasia; w, number
of weeks after infection when euthanasia was
performed. (b) Immunchistochemical detection of
Nef antigen in thymus, mesenteric fymph nodes

m MM298 (Mes. LN) and jejunum..Brown staining indicates
A MM299 Nef® cells. The upper panels:show- represent-
v MM338 ative tissue sections from a Sym LVL macaque
<& MM339 (MM397) and the lower panels show represent-
O MM376 ative_tissue sections from an HVL macaque
1 MM243 (VIM376). Bars, 100 pum, (c) Proviral DNA loads
© MM400 in different tissues of .SHIV-KS661-infected
O MM401 macaques, as measured by quantitative PCR.
¥ MM375 The detection limit of proviral DNA loads was 10
A MMag? copies pg ™. Filled black symbols indicate HVL
£ MM3gg macaques, open black symbols indicate Asym

LVL macaques and open grey symbols indicate
Sym LVL macaques. V

macaques with diarrhoea and wasting symptomatic' LVL
macaques (Sym LVL).

Antibody response against SHIV in infected
macaques

The LVL macaques showed antibody responses to SHIV-
KS661- at -3-4-weeks p.i. and ‘then developed strong
antibody - responses- that- persisted up - to 18 weeks  p.i.
(Table 1). In contrast; two of the HVL macaques (MM298
and MM299) showed no antibody: response, whilst"the
remaining two (MM338 and MM339) showed very low

antibody responses.. Among the HVL . macaques, -only
MM376 showed a strong antibody response: .the.titre
reached 1:2048 at 6 weeks p.., but then decreased to a
much lower value. These results showed that LVL
macaques succeeded in maintaining a strong antibody
response, whilst HVL macaques failed to do so.

Viral levels in tissues from Sym LVL and Asym LVL
macaques are not significantly different

To investigate whether the infected macaques had different
viral levels in their lymphoid and intestinal tissues, we used
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Table 1. Anti-HIV antibody titres in infected monkeys

— indicates a titre of <32.

Time Intrarectal inoculation Intravenous inoculation
(weeks)
LVL HVL
MM243 MM397 MM399 MM400 MM401 MM375 MM376 MM298 MM299 MM338 MM339

0 — — — — p— —_— —_ — —_ p— p—
1 - - - - - - - - - - -

2 - - - - - - - ~ - 64 64

3 32 — 32 - - 128 - - - 32 32

4 32 16384 32 64 32 512 512 - - - -

6 8192 16384 256 64 4096 1024 2048 - - - -

8 4096 16384 1024 128 1024 16384 512 - - - -

10 16384 16384 2048 512 512 16384 512 - - - -

12 16384 16384 256 512 4096 16384 512

13 - - - -

14 16384 16 384 1024 512 2048

16 4096 8192 1024 1024 1024 16384 64

17 - - - -

18 8192 16384 2048 8192 4096

the Nef antigen as a marker of virus infection using
immunohistochemistry and quantitative analysis of pro-
viral DNA in lymphoid and intestinal tissues. Nef* cells
were detected in large numbers in the tissues of HVL
macaques, but were undetectable in both Sym LVL (Fig, 1b)
and Asym LVL (data not shown) macaques.

In the HVL macaques, high proviral DNA loads (>1000
copies pg ") were found in all of the tissues examined (Fig.
1c). In contrast, the proviral DNA loads in the tissues of
the LVL macaques were only several tens to several
hundreds of copies pg~' (Fig. lc). Furthermore, Sym
LVL and Asym LVL macaques exhibited comparably low
proviral DNA loads in these tissues (Fig. Ic). The low viral
levels in Iymphoid and intestinal tissues in the LVL
macaques were consistent with their set points of plasma
viral RNA loads. The viral levels in lymphoid and intestinal
tissues were not significantly different between Sym LVL
and Asym LVL macaques.

Diarrhoea and wasting in LVL macaques correlate
with CD4* cell frequency in lymphoid and
intestinal tissues, but not in peripheral blood

Because CD4 * T-cell depletion is the hallmark of AIDS, we
first examined CD4* T-cell counts in peripheral blood.
Whilst peripheral CD4* T cells were completely and
irreversibly depleted in HVL macaques throughout the
infection, they displayed various kinetics in LVL macaques
(Fig. 2a). MM397 (Sym LVL) and MM401 (Asym LVL)
had very low CD4% T-cell counts (<150 cells m1™') at all
times at which they were examined after infection, whereas
MM399 (Sym LVL) and MM400 (Asym LVL) maintained

moderate CD4 T-cell counts (>300 cells mI™) through-
out the experiment (Fig. 2a).

Naive CD4* T cells of MM397 (Sym LVL), MM243 (Asm
LVL) and MM401 (Asym LVL) were depleted as early as 4
weeks p.i., whereas those of MM399 (Sym LVL) and
MM400 (Asym LVL) remained at moderate levels (Fig, 2b).
The HVL macaques were not examined because their
peripheral CD4™" T cells were depleted.

In addition to evaluating CD4" T cells in the blood, we
evaluated CD4* cells in lymphoid and intestinal tissues
using CD4 staining. The HVL macaques showed severe
depletion of CD4™ cells in all lymphoid tissues and
intestine compared with the uninfected macaques (Fig, 2¢, d).
Interestingly, the CD4 % cell frequencies in the tissues were
clearly lower in Sym LVL macaques than in uninfected
macaques (Fig. 2¢, d). However, the CD4 ™ cell frequencies in
the tissues of Asym LVL macaques were comparable to those
in uninfected macaques. These findings indicated that the
emergence of diarrhoea and wasting in LVL macaques
correlated with the low CD4 ™ cell frequency in lymphoid
tissues and the intestines, but not with the counts of
peripheral CD4% T-cell subsets.

Infected animals exhibit significantly shorter villi

Symptomatic animals (Sym LVL and HVL macaques)
exhibited diarrhoea. To examine whether the jejunum of
symptomatic animals exhibited the histopathological
changes that suggest AIDS-related enteropathy, we meas-
ured villous length on haematoxylin and eosin (H&E)-
stained samples of jejunum in uninfected and infected
macaques. Surprisingly, villous length was significantly
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Fig. 2. Counts of circulating CD4* T-cell subsets and CD4™ cell frequency in lymphoid and intestinal tissues at the time of
euthanasia in SHIV-KS661-infected rhesus macaques. Counts of circulating CD4* T-cell subsets were analysed by flow
cytometry and whole-blood counts; (a) Circulating CD4™* T-cell counts. The ID numbers of the macaques are indicated on the
figure. (b) Proportion of CD95* naive cells in circulating CD4* T cells of LVL macaques. Solid black lines indicate Asym LVL
macaques and solid grey fines indicate Sym LVL macaques. (c) CD4¥ cell frequencies in thymus, mesenteric lymph nodes
(Mes. LN) and jejunum of representative uninfected, Asym LVL, Sym LVL and HVL macaques. Bars, 100 pm. (d) Quantification
of jejunum CD4* cells in uninfected and infected macaques. The numbers of CD4t cells were enumerated in at least ten fields
of the tissues at a magnification of 200X, Statistical analysis was performed using Student's t-test for the data from five
uninfected and each infected macaque (*, P<0.0001). Data for MM299, MM338, MM339 and MM401 were not available.

shorter in all of the infected animals than in uninfected
animals (P<<0.0001) (Fig. 3a, b). This suggested that SHIV-
infected animals develop villous atrophy, irrespective of
viral load.

Increased number of activated macrophages in
the jejunum of symptomatic animals

Macrophages appeared to be more abundant in H&E-stained
jejunal sections in symptomatic animals. This was confirmed
by CD68 staining: the frequency of CD68 * macrophages in
the jejunum was considerably higher in symptomatic animals
than in uninfected animals, but was not significantly different
between uninfected animals and Asym LVL macaques {data
not shown). Furthermore, CD68 ™ macrophages in the small
intestine of Sym LVL and HVL macaques appeared to be

activated because their size was. increased. To  examine
whether the number of activated. CD68* . macrophages
increased in the small intestine, we double stained for CD68
and Ki67 in the small intestine sections by immunohisto-
chemistry. The frequency of CD68* Ki67* macrophages in
the jejunum of all symptomatic animals. examined was
significantly higher than that of uninfected animals
(P<0.0001) (Fig, 3c, d). This suggested that abnormal
activation of intestinal macrophages occurred in symp-
tomatic animals irrespective of viral load.

DISCUSSION

It is important to discuss initially why some SHIV-infected
macaques had an HVL at the late stage, whilst others had
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Fig. 3. Villous fength in jejunum and counts of activated macrophages in the small intestine at the time of euthanasia in- SHIV-
KS661-infected rhesus macaques. (a) H&E-stained sections of jejunum of representative uninfected, Asym LVL, Sym LVL and
HVL macaques. Bars, 200 pm. (b) Comparison of villous:length in uninfected and infected macagues. The lengths of at least
100 villi were measured in each macaque. Statistical analysis was performed using Student's -test for the data from four
uninfected and each infected macaque. (*, P<0.0001). Data for MM299, MM338, MM339 and MM401 were not available. (c)
Ki67 and CD68 staining in the small intestine of representative uninfected, Asym LVL, Sym LVL and HVL macaques. Brown
staining indicates Ki67* cells and blue staining. indicates CD68* cells. Bar, 50 um. (d) Comparison of CD68* Ki67* cell
counts in uninfected and infected macaques. The numbers of CD88™* Ki67* cells were enumerated in at least ten fields of the
tissues at a magriification of 200%. Statistical analysis was performed using Student's ~test for the data from seven uninfected
and each infected macaque (*, P<0.0001). Data for MM299, MM338 and MM339 were not available.

an LVL. The LVL macaques had much stronger antibody
responses than the HVL macaques (Table 1). SHIV-89.6P
is easily controlled by the antibody response (Montefiori
et al., 1998). SHIV-KS661, which shares its genetic origin
with ~SHIV-89.6P, - might be - strongly “affected - by the
antibody response. Virus replication during the primary
phase clearly occurred later in the intrarectally inoculated
macaques than in the intravenously inoculated - macaques.
Therefore; this delay might contribute to- the ‘continuous
and strong antibody response in the intrarectally inocu-
lated macaques, consequently resulting in a low viral load
in most of the intrarectally-inoculated macaques.

The purpose of this study was to elucidate why LVL
macaques experience diarrhoea and wasting. A comparison
of circulating CD4* T-cell counts (Fig. 2a) and relative
levels of naive T-cells (Fig. 2b) in LVL macaques did not
reveal a substantial difference between Sym LVL (which
showed diarrhoea and wasting) and Asym LVL (which
were healthy) macaques. The villous length in the intestine

also" did not affect the level of malignancy of the disease
condition, as all infected monkeys showed significant villous
atrophy, suggesting a high sensitivity to infection itself.
However, Sym LVL and HVL macaques exhibited two
findings that Asym LVL macaques did ‘not: (i) CD4 ™% cell
reduction in intestinal and lymphoid tissues (Fig. 2c, d), a
hallmark of “AIDS; and (ii)* abnormal innate immune
activation, which was reflected by an increased number of
activated macrophages within the intestines (Fig. 3c, d).
Ki67 serves as a proliferation marker and proliferation of
macrophages may seem unlikely. However, there are some
reports about local macrophage proliferation in inflam-
mation sites, indicating the infiltration of activated macro-
phages associated with tissue damage (Isbel et al, 2001;
Norton, 1999). These observations indicated the existerice of
immunopathological disorders in the intestines not only in
HVL macaques but also in Sym LVL macaques.

Many studies have shown positive correlations between the
development of AIDS and some characteristic features in
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the intestinal tracts of HIV-l-infected humans and
pathogenic SIV- or SHIV-infected monkeys: continuous
CD47 T-cell depletion (Brenchley et al., 2004; Ling et al.,
2007), abnormal and chronic immune activation
(Brenchley et al, 2006; Hazenberg et al, 2003) and
enteropathy (Kotler, 2005). Immune activation (as shown
by an increased number of intestinal activated macro-
phages) and intestinal CD4* cell depletion in Sym LVL
macaques strongly suggest the presence of an AIDS-like
disease in this subset of animals. Hence, these results
suggest that an AIDS-like intestinal disease can occur in
LVL macaques despite their low viral load, as well as in
HVL macaques.

Some HIV-1-infected patients experience poor recovery of
circulating CD4* T cells, even when their plasma HIV-1
RNA load is suppressed by HAART (Kaufmann et al., 2003;
Marchetti et al., 2006; Piketty et al., 1998). These individuals
are called immunological non-responders (Marchetti et al,
2006), and have been found to have increased plasma
lipopolysaccharide levels, suggesting that bacteria had been
translocated from the intestines into the circulation with
concomitant activation of T-cell compartments (Marchetti
et al, 2006, 2008). Furthermore, some patients who
maintain an undetectable or nearly undetectable plasma
viral RNA load in the absence of HAART also develop AIDS
disease progression (Madec et al., 2005) and have abnormal
immune activation and increased plasma lipopolysaccharide
levels (Hunt et al., 2008). These observations may indicate
that disease progression in a subset of HIV-1-infected
individuals is independent of viraemia. Accordingly, the
disease progression under conditions of low viral load that
we observed in SHIV-KS661-infected macaques can also
occur in HIV-1-infected individuals.

Consistent with the fact that intestinal CD4™" cell depletion
triggers mucosal immune dysfunction, a notable difference
observed between Sym LVL and Asym LVL macaques was
the low CD4 ™ cell frequency in the intestines of the Sym
LVL macaques. We propose that the intestinal CD4* cells
in Sym LVL macaques were not able to recover after
intestinal CD4™" cell reduction during the early phases of
infection. We reported previously that SHIV-KS661
infection of rhesus macaques caused early intestinal
CD4% T-cell depletion (Fukazawa et al, 2008; Miyake
et al, 2006). Although we did not examine the macaques
during the early phases of infection, the intestinal CD4* T
cells of both Sym LVL and Asym LVL macaques should
have been depleted at this time, as even moderately
pathogenic SHIV can cause intestinal CD4* cell reduction
during the early phase of infection (Fukazawa et al., 2008).
Therefore, the near-normal frequency of intestinal CD4+
cells in Asym LVL macaques would be the result of CD4*
cell recovery after intestinal CD4™* cell reduction during
the early phase of infection. In contrast, intestinal CD4*
cells in Sym LVL macaques may be unable to recover, even
though virus replication has been controlled. Similarly,
intestinal CD4™" cell recovery was found to be important
for halting disease progression in SIVmac239-infected

rhesus macaques (Ling et al., 2007). Accordingly, one of
the important determinants for disease progression in
SHIV-KS661-infected macaques may be CD4 ™" cell recov-
ery in the intestines.

We further hypothesize that this inappropriately low level
of CD4% cells within the intestines of the SHIV-KS661-
infected animals (and phenotypically similar humans) is
permissive to the excessive activation of resident tissue
macrophages. One implication of these studies is that
regulatory T-cell subsets of CD4™" cells may be especially
vulnerable to this depletion, thus allowing this macrophage
activation in view of the well-known role of regulatory T
cells in inhibiting innate immune responses (Maloy et al.,
2003). This hypothesis will be important to assess in future
studies to understand the pathophysiology in the intestines
during the chronic phase of HIV-1 infection.

Taken together, the present results suggest that CD4™* cell
reduction and enteropathy can occur in SHIV-KS661-
infected rhesus macaques even when the viral load is low.
The ability or inability to restore intestinal CD4 * cells may
be a key factor determining disease progression, irrespect-
ive of virus replication levels in the chronic phase of SHIV-
KS661 infection. The reason that the recovery of intestinal
CD4% cells is impeded is unknown, although we can
speculate on some possibilities such as the co-existence of
other infectious microbial agents or impaired T-cell
reconstitution caused by damage during thymopoiesis at
an early phase of SHIV infection (Motohara et al., 2006).
We demonstrated comparable proviral DNA loads in the
examined tissues between Sym and Asym LVL macaques,
although the CD4™ cell frequencies in the tissues were
clearly reduced in Sym LVL macaques. Therefore, the
quantity of provirus per CD4 cell in the tissues of Sym LVL
macaques is considered to be relatively higher than that of
Asym LVL macaques, and low-level replication that may be
undetectable in the plasma viral load might be maintained
in Sym LVL but not in Asym LVL macaques. Identifying
the mechanisms of poor recovery of intestinal CD4™ cells
is needed to understand AIDS pathogenesis, because, as
stated above, some HIV-1-infected patients have low
CD4% T-cell counts even when viraemia is controlled.
One useful approach is comparative and periodical
analysis, including cellular immunology data, of the
intestinal tract of the same animals from the early to the
chronic phases using Sym LVL and Asym LVL macaques in
this SHIV infection macaque model.

METHODS

Virus, animals and sample collection. Highly pathogenic SHIV-
KS661 is a molecular clone of SHIV-C2/1 {GenBank accession no.
AF217181), which was derived through in vivo passages of SHIV-89.6
(Shinohara et al, 1999). The virus stock was prepared from the
supernatant of virus-infected CEMx174 and M8166 human lymphoid
cell lines.

All rhesus macaques used in this study were treated in accordance
with the institutional regulations approved by the Committee for
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Experimental Use of Non-human Primates in the Institute for Virus
Research, Kyoto University, Japan. All macaques were inoculated with
2x10° 50 % tissue culture infectious dose of SHIV-KS661 measured
with CEMx174. The animal ID numbers, infection route and when
they were euthanized are provided in Fig. 1(a).

Blood was collected periodically using sodium citrate as an anti-
coagulant and examined by flow cytometry and for quantification of
plasma viral RNA load. Tissue samples were obtained at the time of
euthanasia and were used for quantification of proviral DNA and
histopathology.

Determination of plasma viral RNA and proviral DNA loads. The
viral loads in plasma and proviral DNA loads in lymphoid and
intestinal tissues were determined by quantitative RT-PCR and
quantitative PCR, respectively, as described previously (Motohara et
al., 2006). DNA samples were extracted directly from frozen tissue
sections of each monkey using a DNeasy Tissue kit (Qiagen)
according to the manufacturer’s protocol.

Determination of antibody titres. Anti-HIV antibody titres were
determined using a commercial particle agglutination kit (Serodia-
HIV1/2; Fujirebio). Isolated plasma samples were serially diluted and
assayed. The end point of the highest dilution giving a positive result
was determined as the titre.

Flow cytometry. Flow cytometry was performed as described
previously (Motohara et al, 2006). Briefly, CD4* T cells were
analysed by a combination of fluorescein isothiocyanate (FITC)-
conjugated anti-monkey CD3 (clone FN-18; BioSource) and
phycoerythrin-conjugated  anti-human CD4 (clone NU-TH/L
Nichirei), and subsets -of naive and memory CD4™% cells were
analysed by a combination of FITC-conjugated anti-human CD95
(clone DX2; BD Pharmingen) and allophycocyanin-conjugated anti-
human CD4 (clone 1200; BD Pharmingen). CD95~ CD4™ cells were
defined as naive CD4* T cells and CD95% CD4* cells were defined
as memory CD4™% T cells. Labelled lymphocytes were examined on a
FACSCalibur analyser using CellQuest software (BD Biosciences).

Histology and immunohistochemistry. Tissue samples were fixed
in 4% paraformaldehyde in PBS at 4 °C overnight and embedded in
paraffin wax. Sections (4 pm) were dewaxed using xylene, rehydrated
through an alcohol gradient, and stained with H&E. The villous
length of the jejunum was measured with a micrometer. At least 40
villi from each section were measured.

For immunohistochemistry, sections were rehydrated and processed
for 10 min in an autoclave in 10 mM citrate buffer (pH 6.0) to
unmask the antigens, sequentially treated with TBS/Tween 20 (TBST)
and aqueous hydrogen peroxide, left at 4 °C overnight or at room
temperature for 30 min or 1h for primary antibody reactions,
washed with TBST, incubated at room temperature for 1 h with an
Envision+ kit (a horseradish peroxidase-labelled anti-mouse immu-
noglobulin polymer; Dako), visualized using diaminobenzidine
(DAB) substrate (Dako) as a chromogen, rinsed in distilled water,
counterstained with haematoxylin and analysed by light microscopy
(Biozero BZ-8000: Keyence).

For double staining (CD68 and Ki67) of sections, appropriately
processed sections were incubated at room temperature for 1 h with
unlabelled anti-Ki67 antibody at a dilution of 1:2000, the highly
sensitive tyramide amplification step (CSAIL; Dako) was performed,
the slides were reacted with DAB to visualize the results and incubated
with unlabelled anti-CD68 antibody at 4 °C overnight followed by
incubation at room temperature for 1 h with Histofine Simple Stain
AP (an alkaline phosphatase-labelled anti-mouse immunoglobulin
polymer (Nichirei), and the results were visualized with a Blue
Alkaline Phosphatase Substrate kit III (Vector Laboratories).

Measurements of CD68* Ki67 ™% cell counts were performed in ten
fields at a magnification of 200 x by light microscopy.

Primary antibodies used in immunohistochemistry were anti-human
CD4 (diluted 1:30; clone NCL-CD4; Novacastra Laboratories), anti-
SIV Nef (diluted 1:500; FIT Biotech), anti-human CD68 (diluted
1:50; clone KP-1; Dako) and anti-human Ki67 (Ki-S5; Dako).

Statistical analysis. The significance of CD4™ or CD68% Ki67™*
cell frequency measurements and villous length in the jejunum of
infected monkeys compared with uninfected monkeys was analysed
using an unpaired Student’s -test (two-tailed) using GraphPad Prism
4.0E software (Varsity Wave).
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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 IFN-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 Ag85B 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

(0).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
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carried 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-S[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 Ag85B 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
[22,301.

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
Ag85B DNA

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 oil (1:1). As shown in
Fig. I, mice were initially sensitized by pasting 20 ul 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 um 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) overnight, 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

At 6 h after the final challenge, the left ear skin was sam-
pled. The specimen was homogenized and mRNA was
extracted using Isogen (Nippon Gene, Tokyo, Japan)
according to the manufacture’s instruction; 1 ml of homog-
enate was vigorously mixed with 200 pl 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, IFN-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-8; 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 1 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 after 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 Ag85B 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 ex-
pressed as the difference between ear thickness before and 30 min after
cach application on day 32. The columns and error bars represent
mean + SEM. *P < 0.0S. Swelling was suppressed significantly in
Ag85B-treated mice compared with those in placebo-treated mice. b
Clinical 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 Ag85B DNA signifi-
cantly reduced the inflammatory
changes

control
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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 treatment 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. Naturally 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) Ag85B (14,21)
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Fig. 5 Serum IgE concentrations. Serum IgE levels were measured on
day 35 in control, Ag85B DNA TP (—14, —7), or Ag85B DNA TP (14,
21) mice. The columns and error bars represent mean £ SEM.
*P < 0.05. Administration of Ag85B reduced IgE level

Discussion

Human immune system responds to exogenous microorgan-
isms for self-protection. These responses lead to Th1 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 Thi-mediated response [9]. Furthermore, recent
studies suggested that mycobacteria induce not only Th cells
providing Th1 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].

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 Thl 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 Th1- 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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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 IL-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
Th1-type immune response.

‘We also examined the potential of Ag85B to induce Treg
cell responses. TGF-ff 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-f [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 TL-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 Th1-type immune response.

In brief, in this study we have shown the usefulness of
plasmid DNA of Ag85B for the amelioration 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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Summary

A 5-year-old male cynomolgus monkey (Macaca fascicularis) with a clinical history of bleeding tendency, severe
anaemia, thrombocytopenia and elevated serum concentration of liver-related enzymes was examined post
mortem. Ecchymotic haemorrhages were present on the left eyelid and forehead. The liver, kidney and spleen
were markedly enlarged and the kidneys had capsular petechiae. Microscopically, numerous atypical cells re-
sembling myeloid cells were observed in the bone marrow, and myelofibrosis was present. Atypical cells were
also present in the blood vessels of the liver, kidney, spleen, lymph nodes, lung, heart, bladder, adrenal gland
and brain. Some neoplastic cells had oval or pleomorphic macronuclei and others were multinucleated. Immu-
nohistochemically, the majority of the neoplastic cells had granular cytoplasmic expression of the megakaryo-
cyte-associated antigens Von Willebrand Factor and CD61-111a, but were negative for myeloperoxidase. A
diagnosis of acute megakaryocytic leukaemia (AMKL)-like disease was made. This would appear to be the first
report of AMKL-like disease in non-human primates. This monkey was infected with simian retrovirus type D

and it is possible that this viral infection was associated with the development of neoplasia.

© 2008 Elsevier Ltd. All rights reserved.
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Haematological malignancy has been infrequently
documented in monkeys infected by the simian
immunodeficiency virus (SIV) (Fortgang et al.,
2000). Simian T-cell leukaemia virus (STLV) is also
linked to the development of simian T-cell malignan-
cies that closely resemble human T-lymphotropic
virus (HTLV) associated leukaemia and lymphoma
(Hubbard etal., 1993). Furthermore, simian retrovirus
type D (SRV/D) isa common cause of simian acquired
immunodeficiency syndrome {SAIDS), a fatal immu-
nosuppressive disease of macaques. SRV/D-infected
monkeys may develop lymphadenopathy, splenomeg-
aly, anaemia, bone marrow hyperplasia, lymphoid
depletion, neutropenia, weight loss, diarrhoea or
malignant neoplasia (Guzman et al., 1999). Although
a number of clinical and pathological studies have de-
scribed lymphoma in non-human primates (Hubbard
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et al., 1993; Paramastri et al., 2002), there are no
reports of myeloid leukaemia in these animals. The
present report describes the first case of acute mega-
karyocytic leukaemia (AMKL)-like disease in a non-
human primate.

A 5-year-old male cynomolgus monkey (Macaca -

- fascicularis) was housed in the Tsukuba Primate Re-

search Center (TPRC) in an individual cage and
maintained according to the National Institute of Bio-
medical Innovation rules and guidelines for experi-
mental animal welfare. On routine haematological
examination, the animal was found to have mild anae-
mia (red blood cells [RBC] 4.28 x 10'2/1; reference
range 5.55—6.63 x 10'2/l; haemoglobin [Hb] 99 g/l
reference range 105—125 g/l; haematocrit [HCT)
32.7%; reference range 35.4—41.4%) and severe
thrombocytopenia (platelets [PLT] 27 x 10°/I; refer-
ence range 195—339 x 10%/1). The number of white
blood cells (WBC) was normal (6.9 x 10°/1; reference

© 2008 Elsevier Ltd. All rights reserved.
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range 4.2—9.2 x 10%/1). Although the animal care
staff regularly monitored the health of the animal,
at this time no clinical signs were observed. Repeat
haematological examinations were performed one
and four weeks later, but there was no progression
of the anaemia and thrombocytopenia was not pres-
ent on these occasions. The monkey continued to
have normal appetite, faeces and activity.

Three months after the initial haematological ex-
amination a spot of blood was detected under the
monkey’s cage. At this time the animal displayed
clinical signs including emaciation, pallor of mucous
membranes and haemorrhage on the cutaneous side
of one eyelid. Haematological examination revealed
severe anaemia (RBC 1.66 x 10'%/1, Hb 39 g/I, HCT
13.3%) and thrombocytopenia (PLT 28 x 10°/1).
The WBC count was normal (4.1 x 10%/1). Serum
biochemical examination revealed elevation in the
concentration of aspartate aminotransferase (AST,
176 U/l; reference range 31—47 U/l); alanine amino-
transferase (ALT, 303 U/l; reference range 21—
65 UJl); lactate dehydrogenase (LDH, 7660 U/l
reference range 292—975 U/l), and Ci reactive protein
(CRP, 12.8 mg/l; reference range 0.3—1.7 mg/l).

Cynomolgus monkeys in the TPRC breeding col-
ony are SIV and STLV negative, but most are in-
fected by SRV/D (Hara et al., 2005). The animal
described here was seronegative for SRV/D antibody
by western blotting, but tested positive by polymerase
chain reaction (PCR) for the detection of virus ge-
netic material, consistent with current viraemia. On
the basis of the clinical and laboratory data, haemato-
logical malignancy was suspected.

The monkey was deeply anaesthetized with a lethal
dose of pentobarbital and necropsy examination was
performed. Ecchymoses were noted on the left eyelid
and forehead. The liver was markedly enlarged and
the gallbladder was distended. The kidneys were en-
larged, pale red-brown in colour and had capsular pe-
techiation. The spleen was also enlarged, but there
were no distinct lymphoid follicles on the cut surface.
A dark red nodule (1 cm diameter) was present
within each of the inferior lobes of the lung. The fem-
oral bone marrow had a brownish-red appearance.

Tissues were fixed in 10% neutral buffered forma-
lin, processed routinely and embedded in paraffin
wax. Sections (3 pm) were stained with haematoxylin
and eosin (HE), periodic acid-Schiff (PAS) and Mas-
son’s trichrome stains. Microscopically, many atypi-
cal cells resembling myeloid cells were observed in
the bone marrow and the blood vessels of the liver,
kidney, spleen, lymph nodes, lung, heart, bladder, ad-
renal gland and brain. Some hepatic and renal vessels
contained neoplastic emboli (Fig. 1). There was ex-
tensive infiltration of the liver, kidneys and adrenal

Fig. 1. Extensive infiltration of neoplastic cells into the hepatic pa-
renchyma with associated degeneration and necrosis. A tu-
mour embolus has formed in the central vein, HE. x 100.

glands by the same neoplastic population, with asso-
ciated parenchymal degeneration or necrosis. Neo-
plastic cells were present in the spleen and lymph
nodes, and in both tissues there was atrophy of lym-
phoid follicles. Sternal and femoral bone marrow con-
tained many abnormal blast cells, with a marked
reduction in normal haemopoietic tissue,

The neoplastic cells were generally poorly differen-
tiated, with a medium-sized round nucleus, dense nu-
clear chromatin and either scant or abundant
cytoplasm. Some larger cells had oval or pleomorphic
macronuclei, whilst others were multinucleated, with
a lower nuclear to cytoplasmic ratio (Fig. 2). There

Fig. 2. Neoplastic cells within the liver. These vary greatly in size
and are generally 2—3 times larger than normal lympho-
cytes. The majority of cells have large, round to oval nuclei
with stippled chromatin and abundant cytoplasm. Some
cells have macronuclei and others are multinucleated,
with a lower nucleus to cytoplasmic ratio. HE. x400.
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were numerous abnormal mitoses. The majority of
blast cells did not stain with PAS, but occasional indi-
vidual cells were weakly stained. Masson’s trichrome
staining demonstrated severe fibrosis of the bone mar-
row (Fig. 3).

To further identify the neoplastic cells, immuno-
histochemical studies of femoral bone marrow, liver
and kidney were performed. Sections were de-
waxed, pre-treated with 0.5% HyOy in methanol
and then subjected to antigen retrieval with citric
acid buffer (pH 6.0) and heating in an autoclave
for 10 min at 121°C. Sections were then incubated
with primary antibody overnight at 4°C. The pri-
mary antibodies employed were rabbit polyclonal
antibodies specific for myeloperoxidase (Novocastra
Laboratories, Newcastle, UK; 1 in 150 dilution);
Von Willebrand Factor (Dako Cytomation, Den-
mark; | in 400 dilution); CD3 (Dako, 1 in 100 dilu-
tion); lysozyme (clone EC 3.2.1.17, Dako; 1 in 400
dilution) and monoclonal mouse antibodies specific
for CD235a (clone JC159, Dako; 1 in 200 dilution);
CD61-111a (cloneY2/51, Dako; 1 in 100 dilution);
CD20 (clone 126, Dako; | in 100 dilution); HLA-
DR alpha-chain (clone TAL.1B5, Dako; 1 in
40 dilution) and CD68 (clone KP1, Dako; 1 in 100
dilution). Following brief washes with buffer, the
sections were incubated with the EnVision™ -+
Dual Link-HRP system (Dako) as secondary stage
for 30 min. Labelling was “visualized” by treating
the sections with the chromogen 3-3’-diaminobenzi-
dine tetroxide (Dojin Kagaku, Japan) and HyOs.
The sections were then counterstained with haema-
toxylin.

The majority of the neoplastic cells had gran-
ular cytoplasmic expression of the megakaryocyte-

Fig. 3. Marked fibrosis (bluc staining) is present within the bone
marrow and admixed with neoplastic cells. Masson’s tri-
chrome. x200.

G

Fig. 4. Expression of Von Willebrand Factor by neoplastic cells
within the bone marrow. IHC. x400.

associated antigens Von Willebrand Factor (Fig. 4)
and CD61-IIIa, but were negative for all other
markers. On the basis of these findings, a diagnosis
of AMKL (M?7)-like disease with myelofibrosis was
made. The neoplastic cells in AMKL often have gran-
ular cytoplasmic PAS staining when examined in
a blood or a bone marrow smear (Wu et al., 1996; Shu-
kla ez al., 2004). The absence of significant PAS stain-
ing in the cells of the present case may relate to the
formalin fixation process.

AMKL was first described as a subtype of acute
myeloid leukaemia (AML) (von Boros and Korenyi,
1931) and was incorporated into the French—Amer-
ican—British (FAB) classification of AML as M7
(Bennett et al., 1985). AMKL is rare, accounting
for 3—5% of all human AML (Brunning et al.,
2001), but there is a higher incidence in children,
partly due to an association with Down’s syndrome
(Athale e al., 2001; Paredes-Aguilera et al., 2003).
Although AMKL is well characterized in man
(Koike, 1984; Akahoshi ef a/., 1987}, in animals it
has been reported only in the dog and cat (Colbatzky
and Hermanns, 1993). Disrupted haematopoiesis
leads to cytopenia, particularly thrombocytopenia,
which becomes manifest as cutaneous petechiae, ep-
istaxis and bleeding gums. In leukaemic patients
there is often elevation of serum LDH concentration
(Ferrara and Mirto, 1996). Since megakaryocytes,
which store various growth factors in their alpha
granules, are known to be involved in the pathogen-
esis of myelofibrosis, AMKL is frequently accompa-
nied by myelofibrosis (Terui et al., 1990). AMKL
typically has a more guarded prognosis than other
types of leukaemia (Athale ¢t al., 2001).

Differential diagnoses for AMKL include mini-
mally differentiated AML (MO), pure erythroid
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leukaemia (M6b) and acute lymphocytic leukaemia
(ALL). MO, M6b and ALL are all generally negative
for expression of myeloperoxidase in immunohisto-
chemistry (IHC), as is AMKL. The neoplastic cells
in AMKL occasionally have a lymphoblast-like ap-
pearance similar to MO and ALIL (Brunning e al.,
2001). Furthermore, neoplastic multinucleate cells
are observed in both M6b and AMKL, and are often
positively stained by PAS (Brunning ef al., 2001).
Megakaryoblasts do not express myeloperoxidase,
but are labelled by one or more of the megakaryo-
cyte-associated antigens CD41, CD61 and Von Wille-
brand Factor (Brunning et al., 2001; Daniel and
Arber, 2001). The cytological and immunohisto-
chemical features of the neoplastic population in the
present case were not consistent with M0, M6b or
ALL.

Further differential diagnoses for AMKL with my-
elofibrosis, as described in the present case, include
acute panmyelosis with myelofibrosis (APMF), blas-
tic transformation of chronic myeloid leukaemia
(CML) or idiopathic myelofibrosis (IMF). APMF is
characterized by multi-lineage myeloid proliferation,
with a less numerous population of blast cells than in
acute megakaryoblastic leukaemia (Orazi ef al,
2005). The cells in APMF do not express megakaryo-
cyte-related antigens, which is inconsistent with the
findings in the present case. CML is a clonal bone
marrow stem cell disorder with proliferation of ma-
ture granulocytes (Travis et al., 1987; Bourantas
et al., 1998) whereas IMF is a clonal myeloprolifera-
tive disorder that is characterized by abnormal depo-
sition of collagen within the bone marrow (Hirose
et al., 2001). Human patients with CML or IMF
also develop terminal blastic transformation, and
these blast cells have frequently been identified as
megakaryoblasts (Travis et al., 1987; Bourantas
et al., 1998; Hirose et al., 2001). Although the present
case most likely represents AMKL with myelofibrosis,
it is difficult to entirely exclude the alternative inter-
pretation of blastic transformation of CML or IMF.
For this reason, the present case has been described
as an AMKL (M?7)-like disease.

To our knowledge, this is the first case of spontane-
ously arising AMKL-like disease in non-human pri-
mates. The affected monkey had SRV/D infection,
which may have contributed to the development of
the neoplastic disease (Guzman et al., 1999). Alterna-
tively, a genetic mechanism may be proposed as hu-
mans with Down’s syndrome have predisposition to
the development of AMKUL associated with a somatic
mutation in the gene encoding the GATALI transcrip-
tion factor protein (Shimizu et al., 2008). Further
cases of such leukaemia in non-human primates
should be subject to genetic investigation.
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Background Atopic dermatitis (AD) is a chronic disease with a Th2-type-cytokine
dominant profile. Several cytokines and related peptides have been used for the
treatment of AD but they were ineffective because of their limited biological
half-life. We have recently developed a highly efficient mouse dominant negative
interleukin (IL)-4/1L-13 antagonist (IL-4DM), which blocks both IL-4 and IL-13
signal ransductions.

Objective To examine the effects of IL-4DM in vivo in an AD model induced by the
repeated exhibition of oxazolone (OX).

Methods Plasmid DNA was injected intraperitoneally to cause an experimental
AD-like dermatitis. The effect was evaluated by ear thickness, histological findings,
and mast cells counts in the inflamed skin. The plasma IgE and histamine levels
were measured. Cytokine production in skin and splenocytes were also analysed.
Results Mice treated with control plasmid developed marked dermatitis with mast
cells and eosinophil infiliration, and had increased plasma IgE and histamine lev-
els with a Th2 type splenocyte cytokine profile. Treatment with mouse IL-4 DNA
augmented the ear swelling and thickness with an increased dermal eosinophil
count, plasma histamine level, and production of splenocyte IL-4. However,
IL-4DM treatment successfully controlled the dermatitis, decreased the mast cell
and eosinophil count, and suppressed plasma IgE and histamine levels. Spleno-
cytes produced an increased level of TFN-vy.

Conclusion These data showed that the simultaneous suppression of IL-4/1L-13 sig-
nals successfully controlled Th2-type chronic dermatitis. IL-4DM DNA treatment
is a potent therapy for AD and related diseases.

to the receptor subunit IL-4Ra, but not to the other subunit

Interleukin (IL)-4 plays a central role in Th2-cytokine-domi-
nant inflammatory skin diseases such as atopic dermatitis
(AD).'"? IL-4 is responsible for the differentiation of allergen-
specific Th2 cells together with its closely related cytokine
IL-13 for the class switching of activated B cells to IgE-produc-
ing cells. The effects of IL-13 are similar to IL-4 on B cells,
monocytes, and other cell types, but T cells appear to lack an
IL-13 binding receptor component and do not respond to
IL-13.* The structural basis for the overlapping functions of
IL-4 and IL-13 is a shared receptor subunit, and IL-4Ro
organizes intracellular signals in response to both cytokines.>
Signal transduction is induced by heterodimerization of the
IL-4Ra with a second subunit; which may vary according to
the cell types. The specific inhibition of IL-4 can be achieved
by antagonistic IL-4 mutants. Variants of human IL-4 that bind

v-chain (yc) or IL-13Rul are competitive antagonists of
IL-4.7* IL-13 is inhibited by similar variants, which form
unproductive complexes with IL-4Ra.”” The single-site human
IL-4 mutant Y124D has been used as an IL-4/IL-13 inhibitor
in various studies,””"” but this variant retains some resid-
ual agonistic activity, which could be relevant for in vive
applications.7'8 In contrast, -4 and IL-13 double mutant
R121D/Y124D lacks detectable activity and appears to be an
effective antagonist for human IL-4 and IL-13.%'%

We have recently developed a highly efficient murine
IL-4 antagonist DNA (IL-4DM), in which the amino acids glu-
tamine 116 and tyrosine 119 were changed for aspartic acid."’
This murine mutant DNA is analogous to the R121D/Y 124D
double mutant. IL-4DM binds with high affinity to the murine
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