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IL-4Ry without inducing signal transduction, and has no
detectable activity upon the proliferation or differentiation of
murine cells. An appropriate amount of [L-4DM completely
inhibits responses by wild-type 1L-4.'” Like its human ana-
logue, the IL-4DM mutant is also an antagomist of IL-13
(B. Schnarr et dl., unpublished data’”). Recent experiments with
monocytes from mice lacking a functional yc gene showed that
IL-4DM is a complete inhibitor of IL-4 in the absence of yc as
well.?® In this study we have examined the effects of IL-4DM
in vive, using an AD model induced by the repeated exhibition
of oxazolone (OX). The repeated application of a hapten such
as OX on mice causes an initial delayed-type hypersensitivity
that changes to an immediate-type response in the late phase
with elevated IgE production and deviation of Th-cell
responses. The skin lesions that appear in the late phase are
compatible with the clinical findings as well as the cytokine
profile observed in AD.*'"** The imhibitory effect of IL-4DM
on [L-4 and IL-13 on the immune response was comparable
with that of knockout mice lacking either TL-4™* or IL-4Ru.
Treatment with IL-4DM prevented contact hypersensitivity

responses with the increased production of interferon (IFN)-y.

Materials and methods

Animals

BAIB/c male mice aged 5 weeks were purchased from Japan
SLC Co. (Shizucka, Japan) and were used at the age of
6 weeks. Age-maiched wild-type BALB/c mice were used as
controls. All animals were cared for according to the ethical
guidelines approved by the Institutional Animal Care and Use
Comunittee of Mie University.

Reagents

The cDNA coding region of mouse IL-4 was amplified by a poly-
merase chain reaction (PCR) based on the ¢DNA sequence of
mouse IL-+. The mouse IL-4 fragment was inserted into BamHI
and EcoRI-filled in pcDNA3.1+ (Invitrogen, San Diego, CA,
US.A) under the TPA leader sequence, and then digested by
BamHI and Sacl. A Quickchange™ Site-directed Mutagenesis kit
(Stratagene, La Jolla, CA, US.A)) was used for the mutagenesis of
mouse IL-4. The oligonucleotide primers used to prepare a mouse
IL-4 double mutant (IL-4DM, Q116D/Y119D) were CTAAA-
GAGCATCATGGATATGGATGACTCGTAGTCTAGAG and CTCT-
AGACTACGAGTCATCCATATCCATGATGCTCTTTAG. The IL-4
mutant fragments were ligated into pcDNA3.1+.%* Mouse IL-4,
IL-4DM plasmid DNAs were purified using the Plasmid Mega
kit (Qiagen, Chatsworth, CA, U.S.A.) and diluted with sterilized
physiological saline. OX was purchased from Sigma (St Louis,
MO, U.S.A.) and was dissolved in acetone/olive oil (4 : 1).

Administration of DNA

Mice were treated by intraperitoneal injection of 100 pg of
IL-4DM DNA on days 0, 7, 14, 21 and 28. A conurol plasmid
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Fig 1. Schedule for induction of chronic contact hypersensitivity and
administration of compounds. Mice received intraperitoneal (i.p.)
injection of 100 pg of each plasmid DNA on days 0, 7, 14, 2t

and 28.

(pcDNA3.1+) vector and IL-4 DNA were also injected on the
same day (Fig. 1).

Sensitization and challenge procedures

As shown in Figure 1, mice were initially sensitized by pasting
20 ulL of 0-5% OX solution to their left ear 7 days before the
first challenge (day 7) and then 20 plL of 0-5% OX solution
was repeatedly applied on the left ear three times per week
from day 0 as reported previously.”® Ear swelling was mea-
sured with thickness gauge calipers before and 30 min after
OX challenge to the pinna of the ear on day 35. The ear
swelling response was expressed as the difference between the
values taken before and 30 min after application.

Histological analysis

Ear skin specimens obtained 6 h after the final challenge on
day 35 were fixed in 10% buffered neuwral formaldehyde and
embedded in paraffin wax. Histological sections were of 6 jun
thickness and they were stained with haematoxylin and eosin.
The sections were also stained with 0-5% toluidine blue for the
idendification of mast cells. The cell counts were performed in
six consecutive microscopic fields at X 400 magnification.

Measurement of plasma IgE and plasma histamine

Blood was collected under ether anaesthesia 6 h after the last
challenge. Plasma IgE levels were determined by a sandwich
enzyme-linked immunosorbent assay (ELISA). In brief, 96-well
immunoplates (Corning Inc., Corning, NY, U.S.A.) were coated
with 100 UL of an antimouse IgE capture antibody (2 g mL™")
(BD PharMingen, San Diego, CA, US.A) overnight at 4 °C.
Plasma samples of 100 pL were diluted 60-fold with PBS
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containing 10% fetal calf serum (FCS) were placed in the wells.
After incubation for 1 h at room temperature, 100 pL of biotin-
conjugated antimouse IgE antibody (2 pg mL™" in blocking
buffer) (BD PharMingen) was added to each well. The plates
were incubated at room temperature for 1 h, followed by six
washes, incubated with 100 pL of horseradish peroxidase avidin
D (FUNAKOSHI, Tokyo, Japan) | : 1000 in blocking buffer, and
then incubated for 30 mnin at room temperature. A substrate
solution of 100 pl. containing 1-5 mg ABTS (Sigma-Aldrich,
St Louis, MO, US.A.) in 5 mL of a 0-1 mol L™} citric acid solu-
tion was added, and kept for 30 min at room temperature in a
dark place. Thereafter the reaction was terminated by adding
50 pL of 2 mol L' H,80,, and the optical density of each well
at 405 nm was determined by using a microplate reader. A stan-
dard curve was prepared using mouse anti-TNP IgE standard (BD
PharMingen). Plasina histamnine levels were analysed using the
commercial sandwich ELISA kit from Immunoteck (Marseille,

France) according to the manufacturer’s protocol.

Purification of mRNA from mouse ears

AL 6 h afler the final challenge, the skin of the left ear was
sampled. The specimen was homogenized and the total RNA
was extracted using Isogen (Nippon Gene, Tokyo, Japan)
according to the manufacturer’s instruction; 1 mlL of homo-
genate was vigorously mixed with 200 pL of chloroform, and
centrifuged at 12000 g for 15 min at 4 °C. The 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. RNA was suspended in
50 pL of RNase-free water, and the concentration was mea-
sured based on the absorbance at 260 nm, and the quality
was confirmed by electrophoresis. ¢DNA was prepared from
10 pg of mRNA using archive kit (ABI, Foster City, CA,
U.S.A.) according to the manufacturer’s protocol.

Cytokine mRNA expression in skin

The transcriptional activity in the lesional skin samples was mea-
sured with a PCR. The amplification of ¢DNA was performed in
50 uL of a master mixture containing 05 ug of cDNA,
200 nmol deoxynucleotide triphosphate, 5 UL of PCR buffer,
2 U of Taq polymerase (ABI) and 2 pmol of each specific pri-
mer for the DNA of interest. The following primers were used
for PCR reactions (5°-3’), mouse IFN-y: TCAAGTGGCATAGA-
TGTGGAAGAA and TGGCTCTGCAGGATTTTCATG; mouse IL-2:
CCTGAGCAGGATGGAGAATAACA and TCCAGAACATGCCGCA-
GAG; mouse I[l-4: CACTGACGGCACAGAGCTATTGATG and
TCATGGTGCAGCTTTCGATGAATC; mouse IL-10: CTCTTACTG-
ACTGGCATGAGGATCAGCAGG and TCTTCACCTGCTCCACTGC-
CTTGCTCTTAT; mouse 1L-12: TCCTGCACTGCTGAAGACATC
and TCTCGCCATTATAGATTCAGAGAC; mouse IL-13: AGACCA-
GACTCCCCTGTGCA and TGGGTCCTGTAGATGGCATTG; mouse
B-actin: TGGAATCCTGTGGCATCCATGAAAC and TAAAACG-
CAGCTCAGTAACAGTCCG.”® PCR was performed under the

following conditions: 95 °C for § min, followed by 35 or 40
cycles of 95 °C for 30 s, 56 °C (IEN-y, IL-12) or 60 °C (IL-2,
IL-4, IL-10, TL-13, B-actin) for 30 s, and 72 °C for 1 min were
carried out. After the final cycle, the temperature was main-
tained at 72 °C for 7 min. PCR amplified fragments were elec-
trophoresed through 1-5% agarose gels in (ris-acetate EDTA
buffer containing ethidiwum bromide, and the gels were scanned
under ultraviolet light. The mRNA of -actin was used as an in-
ternal control. The signal intensity of each reverse transcriptase
(RT)-PCR product was estimated using an ATTO Lane & Spot
Analyzer (ATTO, Shizuoka, Japan).
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Fig 2. The effects of interleukin (IL)-4DM, IL-4, and conrrol plasmid
(pcDNA3.1) on ear swelling induced by repeated application of
oxazolone (OX). (a) Ear thickness was measured before each OX
challenge, Each puint represents the mean * SD of seven or eight
mice. *P < 0-05: significanily different from the conwol group and
IL-4 (Student’s t-test). {(b) Inhibition of the cffecter phase of chronic
hypersensitivity by IL-4DM, IL-4, and control plasmid DNA wransfer.
The ear swelling was measured 30 min after applying OX. The ear
swelling in the IL-4DM groups was significantly suppressed
compared with those in the IL-+ and control plasmid DNA groups.
*Significant difference from the control by Student’s t-test at

P < 0-0S.
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Cytokine production from splenocytes

A suspension of 2 X 10 splenocytes were made in a solution
of 200 pL RPMI- 1640 medium (Nikken Bio Medical Labora-
tory, Kyoto, Japan) containing 10% fetal bovine serum (FBS;
Biowest, Nuaillé, France), 50 Ul penicillin, 50 g mL™" strepto-
mycin, and 5 pg mL™' soluble antimouse CD3 (BD Bio-
science), and 10 pg mL™' antimouse CD28 (BD Bioscience).
Cells were dispensed in triplicate into 96-well flat-bottomed
microplates (Sumitomo Bakelite, Tokyo, Japan). After incuba-
tion for 48 h at 37 °C in a humidified incubator (5% CO,),
culture supernatants were collected and analysed for IFN-y
(Quantikine; R&D Systemns, Minneapolis, MN, US.A.) or IL-4
(Quantikine; R&D Systems) production with an ELISA accord-
ing to the manufacturer’s protocol.

Statistical analysis

Statistical analysis was performed wusing Student’s t-test
and Mann-Whitney U-test. Values are expressed as mean *
SEM. A 95% confidence limit was taken as significant

(? < 0:05).

Result

Ear thickness with the treatment of IL-4DM, IL-4,
or control plasmid

In the control group, the ear thickness increased from the
beginning of the challenge, and increased gradually through
the experiments (Fig. 2a). The agonistic IL-4 DNA treaument
augmented increase of the ear thickness after day 16. In con-
wast, IL-4DM DNA weatnent significantly suppressed increase
of the ear thickness compared with that of control plasmid or
IL-4DNA-treated mice.

Effects of IL-4DM on the oxazolone-induced acute-phase
ear swelling

The ear swelling was also measured 30 min after OX applica-
tion on day 35, and the difference between before and
30 min after application was calculated. IL-4DM DNA treat-
ment suppressed the ear swelling significantdy compared with
that of the control DNA-injected group (Fig. 2b). However,
IL-4DNA showed no suppressive effects.
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Fig 3. (a) Represemtative photographs and
histological feature of axazolone (OX)-treated
skin lesion. OX-sensitized ear revealed
hyperkeratosis, acanthosis, and parakeratosis
in control and interleukin (IL)-4-treated
mice. An increased number of infilrating IL-4DM
lymphocytes, macrophages and mast cells was
observed in the skin lesions, all of which

are typical histological findings observed in
patients with atopic dermatids. In contrast, (b)
acanthosis was clearly suppressed, and skin
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Histological findings and mast cell counts in the
inflamed skin

In control plasmid-treated mice and IL-4 DNA-ueated mice,
severe dermatitis was observed on the earlobe. A drastic
decrease of inflammation was observed in IL-4DM DNA-
weated mice (Fig. 3a). Histological examination on the
OX-challenged ear skin revealed hyperkeratosis, acanthosis and
parakeratosis in both of the control and IL-4-treated mice. An
increased number of infiltrating lymphocytes, macrophages
and mast cells was observed in the skin lesions in control
DNA and IL-4 DNA-treated mice. These findings are compara-
ble with those of AD skin lesions. In contrast, the acanthotic
changes and infilration of granulocytes, mast cells, and
eosinophils were significantly suppressed in the IL-4DM DNA-
treated mice compared with those of control DNA- or IL-4
(Fig. 3b.c). IL-4 DNA
treatment increased eosinophil counts compared with control

DNA-wreated mice Interestingly,

DNA weaunent.

Plasma IgE and histamine levels

The total plasma IgE level was increased by repeated OX chal-
lenges (Fig. 4a). IL-4 DNA treatment showed no agonistic
effects in the plasma IgE level; however, IL-4DM DNA treat-
ment significanly suppressed the levels of plasma IgE. The
plasma histamine level was also significantly increased in the
conirol DNA- or IL-4 DNA-treated mice; however, 1L-4DM
DNA treaunent significantly suppressed the plasma histamine
levels (Fig. 4b).

Cytokine mRNA expression levels

To determine the effects of IL-4DM on cytokine production
in the inflamed skin lesions, mRNA expression of Thl and
Th2 cytokines was analysed. The IFN-y mRNA expression was
significandy increased in IL-4DM DNA-treated mice ear com-
pared with that of control DNA-treated samples (standardized
by B-actin expression).

However, no remarkable difference in other cytokine
mRNA expression was observed among three different DNA-
treated samples (Fig. 5a,b).

Concentration of IFN-y and IL-4 in splenocyte cell
culture supernatants

To know the effects of IL-4DM DNA therapy in the systemic
immune system, the concentration of IEN-y in splenocyte cell
culture supernatants was measured by ELISA. The IFN-y level
in the IL-4DM-treated samples was significantly higher than
that in the control DNA- or IL-4 DNA-treated samples
(Fig. 6a). We alsu measured the concentration of IL-4 in
splenocyte cell culture supernatants by ELISA for mouse IL-4.
The IL-4 level in the IL-4DM-treated samples was as high as
the IL-4 DNA-treated samples. These were higher than that of
the control DNA-wreated samples (Fig. 6b).
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Fig 4. Plasma IgE and histamine levels. (a) Plasma IgE level was
decreased in interleukin (IL)-4DM treated mice. (b) Inhibition

of the production of plasma histamine was observed in IL-4DM DNA-
treated mice. *Significant difference from the IL-4 and control by
Mann-Whitney U-test at P < 0-05.

Discussion

Several previous studies have shown that AD is a chronic
dermatitis with a predominance of Th2 cytokines in the

. . 2719
lesional skin,

and that Th2 cytokines play a critical role
in the pathogenesis of dermatitis.”® 1L-4 is one of the Th2
cytokines that affects the function of different cell types
including T cells, B cells, mast cells, monocyles/macrophages,

endothelial cells, fibroblasts, dendritic cells, Langerhans cells
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Fig 5. (a) Reverse-transcriptase polymerase chain reaction analysis of
cytokine mRNA expression 6 h after oxazolone (OX)-sensitizadon.
The cDNAs were amplified for respective cycles: of six cytokines and
B-actin, subjected to electrophoresis, and visualized with ethidium
bromide.. Represcntative results under optimal condidons are shown.
Although almost all Thi and Th2 cytokine levels were unchanged,
mRNA expression for interferon (IFN)-v was increased in IL-4DM-
treated mice. (b) The level of mRNA expression of IEN-y was
expressed as the value relative to that for B-actin. The IEN-v level in
the IL-4DM group is significantly higher than that of control plastmid
groups. *Significamt difference from the control by Student’s t-test

at P < 0-05.

and keratinocytes. Because of this broad-spectrum action, IL-4
is believed to play a crucial role in the pathogenesis of
AD.’®*! In the present study, we employed a contact hyper-
sensitivity model by the repeated application of OX, which
mimics the histological phenotype of AD in humans; this
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Fig 6. Cytokine production from splenocytes in chronic hypersensitivity
mice. Interferon (IFN)-y and interleukin (IL)-4 production from
splenocytes was measured. (a) Actual IEN-y protein production was
increased in the IL-4DM-weated mice. (b) IL-4 levels did not reach the
significance, but showed a tendency to increase in the IL-4 and IL-4DM
mice. *Significant difference from the control by Mann-Whitney U-test
atP < 0-05.

model also showed increased levels of Th2 cytokines.in the
lesional skin as reported by Kitagaki et ol.>'

Immunotherapy such as the direct blocking of Th2
responses with neutralizing antibody against Th2 cytokines,
the soluble form of IL-4 receptor (IL-4R), or antagonistic
IL-4 mutant proteins have been used for the treatment of
asthma.*”™** These proteins direcdy inhibit IL-4 binding
thereby inhibiting host immune responses. A previous study
by Nishikubo et al.”® showed inhibition of immune responses
by using IL-4 mutant protein for at least 50 weeks. However,
results from these experimental animals have shown that the
application of these trials to humans is difficult. Because the
pharmacokinetic half-life of IL-4 mutant and sIL-4R protein
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are very short in vive (IL-4 mutant: t,,, = 0-83 h; sIL-4R:
ty; = 46 11),35’36 huge amounts of these molecules are
required in plasma to maintain a long period of inhibitory
action on allergic inflammation. In fact, administration of
these molecules was required many times in high doses from

the sensitization to the challenge periods.*>”*’

In the present
study, we demonstrated a remarkable an(égonistic effect of
1L-4 mutant DNA applied in a form of vaccination, as a potent
new type of immunogene therapy for AD. In previous studies
in which gene therapy and DNA vaccines were used in com-
binaton with a cytokine gene for tamours or pathogens,
effective immune responses to antigen were recognized even
in the abscnce of detectable plasma levels of cytlokines.
Recently, we also reported that adminisiraiion of plasmid
DNA coding IL-4 ¢DNA completely inhibited the development
of insulitis, which is one of the Thi-type autoimmune dis-
eases, although no 1L-4 was detected in plasma.’® These
results suggest that genes applied as a DNA vaccine express
and supply products to the host continuously. To occupy the
IL-4/1L-13 receptors, a continuous supply of IL-4DM is
needed but not belus application. Therefore, IL-4DM applied
as a DNA vaccine might inhibit the allergic inflammation by
persistent secretion of mutant IL-4 over a long period in 2
limited amount.

As we had expected, IL-4DM mitigated phenotypical and
histological changes such as severe oedema, mflammatory
cell infilration and epidermal hyperplasia. IL-4DM also sig-
nificantly decreased the number of dermal mast cells. 1L-4 is
known (o be a potent aclivator of mast cells. Mast cells,
which participate in the inflammatory cascade, serve as an
abundant source of Th2 cytokines as well as inflanmatory

. 9.
mediators.***!

Therefore, inhibition of mast cell activa-
tion is another possible mechanisin through which IL-4DM
ameliorates inflammatory responses in the present model of
dermatitis. Eosinophil infiltration into the dermis has been
well documented in AD.** In this study, an increased num-
ber of eosinophils was observed in contact hypersensitivity
skin lesions, and was dramatically inhibited by IL-4DM treat-
ment. Inhibition of cellular infiliration in IL-4DM mice may
be due to suppression of IL-4-mediated inmunological
events such as a decreased expression of cellular adhesion
molecules on endothelial cells,*’

Injected IL-4DM and IL-4 DNA are wapped by mono-
cytes/macrophages by phagocytosis. They may migrate to
lymph nodes or spleen and show systemic effects. In fact,
we could observe a high concenwration of IL-4 in culured
splenocytes from IL-4DM DNA injected wice by ELISA. Unfor-
tunately, there is no specific anti-IL-4DM antibody or anti-IL-
4DM ELISA. The standard ELISA used in this study could not
differentiate the natural mouse 1L-4 and mutant IL-4 protein;
these findings are consistent with the previous report.”® The
plasma IL-4 levels in the agonistic IL-4DNA-treated mice were
consistent with those of the IL-4DM DNA-treated mice. There-
fore, we speculate that exogenously applied IL-4DM DNAs
were expressed the same as IL-4 DNAs, and showed systemic

immunological effects.

IFN-y production increased systemically and locally in
mice treated with IL-4DM DNA. Repeated OX treatments
cause expansion both of Thl and Th2 cells. IL-4DM DNA
therapy interfered with the development of the Th2 milieu.
Subsequently, IEN-y production and mRNA expression might
become abundam locally and systemically.

Tissue-specific gene transfer could be achieved naturally and
effectively through the cell specificity of virus receptors.**
However, there may be a risk of vector toxicity through viral
infection of host cells. Also, the limited size of transgenes is
often a serious obstacle. Moreover, immune responses to viral
vectors are also induced, and the effects of transgenes are
eliminated by immune responses to the vectors. For human
applications, the efficacy and safety of any delivery system for
gene wansfer are always of major concern. Nonviral
approaches are advantageous in immunogene therapy. DNA
vaccines are capable of inducing potent biological effects in a
variety of experimental systems.*> One of the characteristic
features of DNA vaccines is their ability to induce long-lasting
immunity. The animals that had been treated with IL-4DM
DNA did not develop severe allergic inflammation even before
or after antigen sensilization.

In the present study, we showed the beneficial effects of
immunogene therapy with IL-4 mutant DNA in an experimen-
tal model for AD. Aun IL-4 mutant DNA vaccination is a potent

new tool for the systemic treatment of AD,
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Abstract Two simian Entamoeba histolytica-like strains,
EHMfasl and P19-061405, have been suggested to
represent a new species based on genetic characterization.
Sequence analyses of the hexokinase, glucose phosphate
isomerase, and phosphoglucomutase genes supported the
previous findings of isoenzyme analyses demonstrating a
new zymodeme pattern. Phylogenetic studies of 18S
rDNA, 5.8S rDNA, the chaperonin 60 gene, and the
pyridine nucleotide transhydrogenase gene showed orig-
inal clusters of simian E. histolytica-like strains below or
near E. histolytica, respectively. Comparative studies of the
chitinase and the serine-rich E. histolytica protein genes and
locus 1-2 region revealed that most mutated units were
shared among the simian E. histolytica-like strains. The
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similarities of each of the repeating units within the simian
E. histolytica-like strains or E. histolytica and the differ-
ences of those between the both might be generated by
concerted evolution. Our results indicate that EHMfas1 and
P19-061405 should be considered to be the same species,
despite that they were isolated from different monkey
species and different habitats. Simian E. histolytica-like
amebas may be endemic to macaque monkeys, as a
counterpart to E. histolytica in humans, and should be
differentiated from E. histolytica by the revival name
Entamoeba nuttalli, as proposed for P19-061405.

Introduction

Entamoeba histolytica causes amoebic colitis and liver
abscess, and amoebiasis is one of the most important
parasitic diseases in humans. In non-human primates, several
cases of E. histolytica or E. histolytica-like organism
infections have been identified by isoenzyme analysis,
monoclonal antibody test, or PCR (Tachibana et al. 1990;
Verweij et al. 2003; Takano et al. 2005; Tachibana et al.
2007; Suzuki et al. 2007). One of the simian E. histolytica-
like strains, EHMfasl, has been isolated from a healthy
cynomolgus monkey (Macaca fascicularis) and identified
using species-specific PCR for E. histolytica and antigen-
capture ELISA (Takano et al. 2005). Another simian E.
histolytica-like strain, P19-061405, has been isolated from a
rhesus monkey (Macaca mulatta). Furthermore, the viru-
lence of P19-061405 has also been confirmed by experi-
mental infection of hamsters (Tachibana et al. 2007).
These two simian E. histolytica-like strains were
suggested to be a new species, because EHMfas1 exhibits
differences in the 16S-like small subunit ribosomal RNA
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(18S tDNA), chitinase and SREHP genes, and P19-061405
exhibits differences in several DNA sequences, including
the 18S rDNA and SREHP genes (Takano et al. 2007;
Tachibana et al. 2007). It has been proposed that P19-
061405 should be distinguished from E. histolytica by
revival of the name Entamoeba nuttalli (Castellani 1908)
that was the first reported E. histolytica-like species found
in a liver abscess of a monkey (Tachibana et al. 2007).
Isoenzyme analyses of these two simian E. histolytica-like
strains have demonstrated a new and similar zymodeme
pattern.

In this study, we compared these two simian E.
histolytica-like strains based on DNA loci that were used
for isoenzyme analysis, phylogenetic investigation, and
genotyping to determine the similarity between the simian
E. histolytica-like strains and the differences between
simian E. histolytica-like amebas and E. histolytica.

Materials and methods
Simian E. histolytica-like strains

Trophozoites of the EHMfasl strain were cultured mon-
oxenically with Crithidia fasciculata and axenically in BI-
S-33 medium supplemented with 15% adult bovine serum
at 37°C (Diamond et al. 1978) and then cloned by limiting
dilution, followed by examination using microscopy.
Trophozoites of the cloned P19-061405 strain were also
axenically cultured in BI-S-33 medium (Tachibana et al.
2007). :

Hepatic inoculation of hamsters

Hamsters were inoculated with trophozoites of the EHM-
fasl that had been-cultured monoxenically with C.
Jasciculata as described by Tachibana et al. (2007).

DNA preparation and sequencing

Total genomic DNA from each cloned trophozoite was
extracted using a QIAamp DNA Stool Mini Kit (Qiagen) or
a DNeasy tissue kit (Qiagen) according to the manufac-
turer’s instructions.

The genomic DNA from cloned trophozoites was
amplified vsing the primers listed in Table 1. PCR was
conducted in a 50 pl reaction mixture containing 2 ul of
extracted DNA and 0.1 pg/ul bovine serum albumin using
PrimeSTAR Max DNA polymerase (Takara). A total of 35
cycles of PCR were performed, as follows: denaturation at
98°C for 10 s, annealing at 62°C (for pyridine nucleotide
transhydrogenase (PNT)) or 56°C (for other genes) for 5 s,
and extension at 72°C for 15 s.

@ Springer

Amplified genes for hexokinase (HXK), glucose-6-
phosphate isomerase (GPI), and phosphoglucomutase
(PGM) from EHMfasl and chaperonin 60 (Cpn60) were
cloned from P19-061405 using a Zero Blunt TOPO PCR
cloning kit for sequencing (Invitrogen). Each clone was
subjected to sequencing using a BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems) on an ABI
PRISM 3100-Avant Genetic Analyzer (Applied Biosys-
tems), according to the manufacturer’s instructions. PCR
products for 5.8S rDNA with internal-transcribed spacer
(ITS) 1 and ITS 2, Cpn60, and PNT, locus 1-2 from
EHMfas! and PNT, and chitinase and locus 1-2 from P19-
061504 were sequenced directly. Sequence data were
analyzed using DNASIS Pro ver. 2.08 (Hitachi software).
The GenBank accession numbers of the sequences used for
comparison with each gene are shown in Figs. 1,2, 3, and 4.

Phylogenetic analysis

Analysis and multiple alignments of DNA sequences of
18S rDNA, 5.8S rDNA with ITS 1 and ITS 2, Cpn60, and
PNT were performed with ClustalX (Thompson et al.
1997), and the phylogenetic trees were constructed using
the neighbor-joining method (Saitou and Nei 1987).

Nucleotide sequence accession numbers

The nucleotide sequence data reported here have been
submitted to the GenBank/EMBL/DDBJ databases under
accession numbers AB454548 to AB454559 and
AB480745.

Results
Virulency of EHMfas1 in hamster

EHMfas1 was monoxenically cultured with C. fasciculata
and inoculated into the livers of hamsters. Liver abscesses
were observed in all hamsters at 7 days after inoculation.
The presence of trophozoites in the peripheral regions of
abscesses in the livers was confirmed in PAS stained tissue
slides. No abscesses were observed in the control hamsters,
inoculated with C. fasciculata alone.

Analysis of zymodeme-related genes

Two HXK genes of EHMfasl were amplified from the
cloned EHMfas! trophozoites and sequenced after molec-
ular cloning. The calculated molecular masses and isoelec-
tric points (p/) were 49.7 kDa and 5.38 in HXK 1 and
49.4 kDa and 4.99 in HXK 2. The deduced amino-acid
sequences were compared with those of P19-061405
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Table 1 Primers used in this study

Reference

Locus Direction Sequence (5-3)
(name of primer)
HXK S ATG CAA GAA ATC ATT GAT CAATIT
HXK! AS TTA GTG TTT ACATGC AAC AGC A
HXK2 AS TTA TTG TTT GCATGC AAC AGC A
GPI S ATG TTA CCA ACT CTT CCT GAAT
AS TTA GTT TTT TCT CAT ATC TTT AAC A
PGM S (PGMoutS) TCG TTG AAC CAG ATC AGT GC
AS (PGMoutAS) AAG CTT CTC TGG ATG GTG TTG
ITS1, 5.88 S (P1) AGG TGA ACC TGC GGA AGG ATC ATT A
1rs2 AS (P2) TCA TTC GCC ATT ACT TAA GAA ATC ATT GTT
Cpn60 S (CpnOfl) GTT GAA CTT TTC ATA AGG TTG TTT GA
AS (CpnOrl) CAA AAATGG GCA GAT GAA CA
PNT S (PNT-A) GTA GGA CTT GCA GCA GTATT
AS (PNT-B) GGT AAT CTT CCT GCA ACT GG
Chitinase S GGA ACA CCA GGT AAATGT ATA
AS TCT GTA TTG TGC CCA ATT
Locus 1-2 S R1) CTG GTT AGT ATC TTC GCC TGT
AS (R2) CTT ACA CCC CCATTA ACA AT

Tachibana et al. 2007

Tachibana et al. 2007

Genome database region on scaffold 00005°

Som et al. 2000

Genome database region on scaffold 00015

Bakatselou et al. 2003

Ghosh et al. 2000

Zaki et al. 2002

S sense, AS anti-sense
# Present study

(GenBank accession numbers: AB282663 for HXK 1 and
AB282664 for HXK 2). Glu' and Asn®? in HXK 1 of P19-
061405 were changed to Gly and Asp, respectively, in
HXK 1 of EHMfasl. HXK 2 of EHMfaslwas identical to
that of P19-061405. The pls for HXK 1 and HXK 2 of
EHMfasl were consistent with those of P19-061405
(Tachibana et al. 2007).

The GPI gene of EHMfasl was also amplified and
sequenced after molecular cloning, and only one GPI gene
was obtained from 16 clones. The calculated molecular
mass and p/ for GPI of EHMfas1, 61.4 kDa and 6.60, were
also consistent with those of P19-061405. In the deduced
amino-acid sequence, Val**?> in GPI 1 of P19-061405
(GenBank accession number: AB282665) was changed to
Ile, and Val™®® in the GPI 2 of P19-061405 (GenBank
accession number: AB282666) was changed to Ala in
EHMfas1. ,

One PGM gene from EHMfas] was detected in clones
from EHMfas1. The calculated molecular mass and p/ for
PGM were 60.8 kDa and 5.99, respectively. In the
deduced amino-acid sequence of PGM from EHMfasl,
there were four and 13 differences compared with E.
histolytica (GenBank accession number: Y14444) and
Entamoeba dispar (GenBank accession number:
Y14445), respectively. Although the isoenzyme pattern
of PGM in EHMfasl was identical to E. dispar, the
amino-acid sequences of PGM in EHMfasl were more
similar to E. histolytica than E. dispar.

Analyses and phylogenic studies of ribosomal RNA genes
and mitosome genes

Comparison of the 18S rDNA sequences ‘reported for
EHMfasl (Takano et al. 2007) and P19-061405
(Tachibana et al. 2007) showed a difference of 0.1%
(two of 1,945). A reconstructed phylogenetic tree showed
the original cluster of simian E. histolytica-like strains
beside the E. histolytica branch (Fig. 1a). The 5.8S rDNA,
with ITS 1 and 2 regions of EHMfasl, was sequenced
directly. Comparison of this region of EHMfasl and P19-
061405 (Tachibana et al. 2007) showed no differences
throughout the length. The constructed phylogenetic tree
of this region also showed that the simian isolates were
located beside the E. histolytica branch (Fig. 1b). The
Cpn60 and PNT genes of EHMfas! and P19-061405 were
directly sequenced. Although DNAs were extracted from
cloned trophozoites, obvious mixed sequences were
confirmed by direct sequencing of Cpn60 gene from
P19-061405. The Cpn60 gene from P19-061405 was
cloned, and we obtained two Cpn60 gene alleles from
six clones. In the nucleotide sequence of Cpn60 from
EHMfasi, five and four differences were present com-
pared with P19-061405 alleles 1 and 2, respectively. In the
deduced amino-acid sequence, all Cpn60 from EHMfas]
and P19-061405 were consistent with E. histolytica. The
phylogenetic relationship of the Cpn60 genes among
Entamoeba species was also reconstructed (Fig. 1c). In
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Fig. 1 Phylogenetic relation-

ships among simian E. histoly-
tica-like strains and other
Entamoeba species. 188 rDNA
sequences (a), 5.8S tDNA with
ITS1 and ITS2 sequences (b),
the Cpn60 gene sequences (c),
and the PNT gene sequences
(d). Branch lengths are propor-
tional to estimated number of
substitutions per site, which
represent the evolutional
distance

@ Springer
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the reconstructed phylogenetic tree of the Cpn60 genes,
the cluster of simian E. histolytica-like strains was located
under the E. histolytica branch. PNT gene sequences were
also compared between EHMfas] and P19-061405, and a
difference of 0.23% (one of 432) was evident. E.
histolytica, EHMfas1 and P19-061405, was categorized
in the same cluster (Fig. 1d).

Comparison of polymorphic loci: the chitinase gene,
SREHP gene, and locus 1-2

The chitinase gene of P19-061405 was directly sequenced
and compared with the reported sequences of EHMfasl,
KU3 (genotype A) and KUIS5 (genotype D) of E.
histolytica (Fig. 2; de la Vega et al. 1997; Ghosh et al.
2000; Haghighi et al. 2002, 2003). Each unit of the
nucleotide and deduced amino-acid sequences was tenta-
tively given a number, as in a previous study (Takano et
al. 2007). All known EHMfas1-specific units, CN3, CN5,
CN7, and CN3‘C2, were also observed in P19-061405;
however, the combination pattern of the repeating unit
was different. Although P19-061405 was not classified
into any known genotype, based on the nucleotide
sequence, it was classified into genotype D based on
the deduced amino-acid sequence in the polymorphic
region.

Many SREHP genes of E. histolytica have been
sequenced for genotyping (Li et al. 1992; Clark and
Diamond 1993; Kohler and Tannich 1993; Stanley et al.
1990; Ayeh-Kumi et al. 2001; Haghighi et al. 2002, 2003).
The reported SREHP gene sequences of EHMfasl, P19-
061405 and E. histolytica KU27 (genotype I), were
compared (Fig. 3). Each unit of the nucleotide and deduced
amino-acid sequences was tentatively given a number, as in
a previous study (Takano et al. 2007). All known
EHMfas1-specific units, SN2, SN5, SN9, SN17, SN20,
and SN3'C2, were also observed in P19-061405, but the
combination pattern was different. The SN16 and DEE
insertion, i.e., the second EHMfas1-specific insertion, were
not observed in P19-061405. The nucleotide and deduced
amino-acid sequences of P19-061405 were not classified
into any of the known genotypes.

Locus 1-2 (also known as a non-coding short tandem
repeat, D-A; Ali et al. 2005) of EHMfasl and P19-
061405 was directly sequenced and compared with the
reported genotypes of E. histolytica (Zaki and Clark 2001;
Haghighi et al. 2002, 2003). A number was tentatively
assigned to each unit of the nucleotide sequences (Fig. 4).
The nucleotide sequences of locus 1-2 were constructed
from combinations of the 5'-conserved region, an 8 bp-
repeating polymorphic region (8L1, 812, 8L3, and 8L4),
intra-conserved region 1 (CL1, CL2, CL3, CL4, CLS,

EHMfas1 BOOCECERER €N @sss9
P19-061405 B8] [ B | Ny (AB454557)
cwsnen [IIBEEENOBCNOARZZ <o
Genotype D BEIBCIREIEE 77 (aBo1sT21)
CA5C] Y N PC VW NFLDTILTPDTCET KTEKTPGTDF F
CNS'C ATATAACCCTTGTGTGTGGAATTTCCTTGACCTTCCTGATTGTGAAAAAAAGCCAGGTGATTTCITT
CA] E K S P D S S (CA3y E I K P D S S
cNi ] GAGAAGTCACCAGATTCTTCT N | OAAATTAAACCAGATICTTCT |
1 GAAATTAAACCAGACICTICT
A2 E S K H E S S CAd E V K P D S S
GAATCTAAACATGAATCTTCT CN6 GAAGTTAAACCAGATTCTTCT

GAATCTAAGCATGAATCTTCT *
[CA¥CI] B P E V § I
CcN3‘Cl

[CA¥C2] E P

CN3'Q

Fig. 2 Schematic representation of polymorphism in the repeat-
containing region of the chitinase gene among simian E. histolytica-
like strains and genotype A and D of E. histolytica. Nucleotide
sequences pattern was shown. Each of nucleotide and deduced amino-
acid sequences of unit was tentatively given a pumber. Nucleotide and

E vV S ¥ P

P K K T V A Y Y T

GAGCCAGAAGTTAGTATCCCAAAGAAAACAGTTGCTTATTATACTAATTGGGCACAATACAGA

CN7

GAAGTTAAACCAGACICTICT “

N W A Q Y R

KKTVAYYTNWAQYRa
GAGCCAGAAGTTAGT GTCCCAAAGAAAACAGTTGCTTATTATACTAATTGGGCACAATACAGA®

deduced amino-acid sequences of these units are also shown. Enclosed
units with bold line were simian E. histolytica-like strain-specific
units. Simian E. histolytica-like strain-specific mutations in nucleotide
and deduced amino-acid sequences are underlined. a Simian E.
histolytica-like strain-specific unit sequences

@ Springer

— 303 —



Parasitol Res (2009) 105:929-937

EE (aB2s2755)
OACEEEEEI B (es2s262)

934
BHMfast PANOECEECE
P19-061405 3% 2 /0/R8 a2
Genotype 1

1 AABNEEROOOOOOCRCINC RIS = aBosssr2)

[SAS'C]
SN5°C

[SAI N E D

7 E B¢
sN1 ] aaTGAAGAT Hoacaans
[SA2] N K Da D E Ec
SN2 ] AACAAAGAT« Bl caTGAAGAA <
[SA3] D B D BN
GAGAAT
sN3 [] cAtGAAGAT B

[SAE K A S S S D N 8
SN4 Pl GAAAAAGCAAGTTCAAGTGATAACTCA
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Fig. 3 Schematic representation of polymorphism in the repeat-
containing region of the SREHP gene among simian E. histolytica-like
strains and genotype I of E. histolytica. Nucleotide sequences pattern
was shown. Each nucleotide and deduced amino-acid sequence of unit
was tentatively given a number. Nucleotide and deduced amino-acid
sequences of these units are also shown. Enclosed units with bold line

CL6, and CL7), a 9-bp-repeating polymorphic region
(9L1, 9L2, 9L3, 914, 9L5, and 9L6), intra-conserved

region 2 (CL6, CL9, CL10, and CL11), a 12-bp-repeating .

polymorphic region (12L1, 12L2, 12L3, and 12L4), and
the 3'-conserved region. The 8L1, 8L3, CLI1, CL5, CL6,
911, 9L2, 914, and 12L3 units were common to simian E.
histolytica-like strains and E. histolytica. On the other
hand, 8L4, CL2, CL4, 913, 9L5, CL11, 1212, and 1214,
were simian E. histolytica-like strain-specific mutated
units. These mutated units corresponded to the 8L3,
CL1, CL3, 9L2, 914, CL10, 12L1, and 12L3 units, with
a single-nucleotide substitution in each unit, respectively.
The CL8 was also a simian E. histolytica-like strain-
specific unit that corresponded to CL7 with a four-
nucleotide deletion (CCCT). Most units observed in E.
histolytica were also observed in simian E. histolytica-like
strains; however, all 1211 were changed to 1212 in the
simian E. histolytica-like strains, and the CL9 was missing
in the simian E. histolytica-like strains. Furthermore, 812
was observed only in EHMfas! and corresponded to 8L1
with a double-nucleotide substitution.
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were simian E. histolytica-like strain-specific units. Simian E.
histolytica-like strain-specific mutations in nucleotide and deduced
amino-acid sequences are underlined. a Simian E. histolytica-like
strain-specific unit sequences. b Simian E. histolytica-like strain-
specific block insertions. ¢ EHMfas1-specific block insertion

Discussion

In this study, genetic similarities between EHMfas1 and P19-
061405 and differences between simian E. histolytica-like
strains and E. histolytica were revealed. EHMfas1 was also a
virulent strain as P19-061405. The similar zymodeme
patterns of EHMfasl and P19-061405 have not been
classified into any known patterns (Takano et al. 2007;
Tachibana et al. 2007). Although some deduced amino acids
were changed, the genetic similarities of HXK, GPI, and
PGM supported the results of the isoenzyme analyses. HXK,
GPI, and PGM of the simian E. histolytica-like strains were
obviously more similar to E. histolytica than E. dispar. 1t is
considered that EHMfasl and P19-061405 are the same
species, despite the fact that these strains were isolated from
different host monkey species and a different habitat. Thus,
simian E. histolytica-like amebas likely naturally infect
macaques as a counterpart to E. histolytica in human.
Phylogenetic studies also indicated that EHMfas1 and
P19-061405 are the same species and are closely related
to E. histolytica. Nucleotide sequences of the 18S rDNA
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Fig. 4 Schematic representation of polymorphism in the repeat-
containing region of the locus 1-2 region among simian E. histolytica-
like strains and available E. histolytica. Nucleotide sequences pattern
was shown. Each nucleotide sequence of unit was tentatively given a
number. Nucleotide sequences of these units are also shown. Enclosed
units with bold line were EHMfas1-specific or simian E. histolytica-

and 5.8S rDNA with ITS 1 and ITS 2 and Cpn60 and PNT
genes of EHMfasl and P19-061405 have been used for
previous phylogenetic studies of the genus Entamoeba
(Clark and Diamond 1997; Silberman et al. 1999; Som et
al. 2000; Bakatselou et al. 2003; Clark et al. 2006). All
phylogenetic studies indicated that EHMfasl and P19-

like strain-specific units. EHMfasl-specific or simian E. histolytica-
like strain-specific mutations in nucleotide sequences are underlined.
Simian E. histolytica-like strain-specific deletion from human isolates
is underlined at comparative sequence. a EHMfasl-specific unit
sequence. b Simian E. histolytica-like strain-specific unit sequences

061405 generated an original cluster beside or under E.
histolytica, including the PNT gene, which is known to
contribute to an anomalous-shaped phylogenetic tree
(Bakatselou et al. 2003).

Comparisons of polymorphic loci used for genotyping
revealed notable differences from E. histolytica and
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similarities between simian E. histolytica-like strains in
sequence variation of the constructing units (Figs. 2, 3, and
4). The chitinase genes, the SREHP genes, and the locus 1--
2 sequences of E. histolytica have been categorized into
seven, 37, and 13 genotypes, respectively, from 79 strains,
based on the combination pattern of constructing units in
the polymorphic regions, respectively (Haghighi et al.
2002, 2003). The most kinds of mutation units were
observed in locus 1-2, although the most kinds of genotype
have been reported in the SREHP gene. In all polymorphic
loci, most mutated units that were observed in EHMfasl
and P19-061405 were shared as simian E. histolytica-like
strain-specific units, including deletions, among EHMfast
and P19-061405. These mutated units had single-nucleotide
substitutions relative to the corresponding units in E.
histolytica. On the other hand, unshared mutated units were
also observed. In the SREHP gene, SN16 was not observed
in P19-061405, and the second insertion unit (GATGAA-
GAA; DEE) was only observed in EHMfasl. In locus 1-2,
8L2 was specific for EHMfasl. The EHMfasl-specific
insertion unit was likely derived from the non-repeating
SN3 (GATGAAGAT; DED), with a single-nucleotide
substitution. These slight disparities may reflect the differ-
ences between the host monkey species or the habitats of
EHMfasl and P19-061405; however, not enough strains
have been studied to date. Analyses of these polymorphic
loci also indicated that simian E. histolytica-like strains can
also be classified by genotyping with original mutated units
as E. histolytica.

It is interesting that E. dispar exhibit the same repetitive
units as E. histolytica in the chitinase (CN2, CN4, and
CNG6) and the SREHP (SN8 and SN16) genes (Ghosh et al.
2000). Although E. dispar exhibits E. dispar-specific units,
most of those mutated units were not repetitive. On the
other hand, EHMfasl and P19-061405 exhibited many
repetitive mutated units, CN3, CN5, CN7, SN9, and SN17.
EHMfas1 and P19-061405 exhibited not only mutated CN3
and SN17 but also the corresponding CN2 and SNI16.
However, all CN4, CN6, and SN8 were changed to CNS5,
CN7, and SN9. These findings indicate that E. histolytica is
more closely related to E. dispar than the simian E.
histolytica-like strains, in contrast to the results of other
sequence analyses. It is considered that these contradictory
findings are probably caused by specific effects, other than
general evolution, because SREHP, in particular, is known
to be a trophozoite surface antigen (Stanley et al. 1995). In
other words, these contradictory findings may indicate
differences in the manner of immune escape between
different host species. On the other hand, locus 1-2 is a
non-coding region and has the most kinds of mutation
units. These polymorphic loci must be exposed to other
evolutionary effects. This specific contradictory finding is
likely a consequence of “concerted evolution” (Dover 1982,
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1993; Dover and Tautz 1986; Wilkinson and Chapman
1991; Jinks-Robertson and Petes 1993; Liao 1999).

Concerted evolution is a universal biological phenome-
non for repetition of DNA elements and has been observed
in many repetitive DNA sequences and multi-gene families.
Concerted evolution is thought to result from various
mechanisms of DNA turnover, including unequal
crossing-over, DNA amplification, gene conversion, and
replication slippage. In Entamoeba species, concerted
evolution has been discussed as it relates to the 5.8S rRNA
gene and rRNA-linked E. histolytica short tandem repeats
(Som et al. 2000; Tawari et al. 2008). It is suggested that
diversification of the chitinase gene, the SREHP gene, and
locus 1-2 can be caused by replication slippage (Ghosh et
al. 2000; Bhattacharya et al. 2005). The repetitive units
developing by concerted evolution are homogeneous within
species, but differ somewhat between species. The similar-
ities of each kind of unit in the chitinase and SREHP genes,
locus 1-2 within simian E. histolytica-like strains or E.
histolytica, and the differences of those between the both
are accountable by concerted evolution. Concerted evolu-
tion of these polymorphic loci indicates that the repetitive
simian E. histolytica-like strain-specific units had been
amplified and conserved according to speciation as opposed
to general DNA evolution, whereas some of these units had
been eliminated or were not apparent in E. histolytica and
E. dispar.

Tachibana et al. (2007) proposed that P19-061405
should be distinguished from E. histolytica by revival of
the named E. nuttalli (Castellani 1908). Because EHMfas1
exhibited slight differences but had the same genetic
characteristics as P19-061405, EHMfas] also should be
identified as E. nustalli. This study indicates that E. nuttalli
is endemic to monkey but we cannot exclude the possibility
of zoonotic infection from monkey to human. We believe
that further comparative study of E. nuttalli will contribute
to more insights into the phylogeny and pathogenicity of
Entamoeba species because E. nuttalli is very closely
related to E. histolytica and E. nuttalli is the only
pathogenic species other than E. histolytica among the
Entamoeba species.
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. Abstract

- pathophysiology in myeloma.

Purpose B7 famlly molecules expressed on antlgen presentlng cells stlmulate or lnhlblt normal .
L immune responses. The aim of this study was to investigate whether functlonal B7.2 and: B7 H2 G o
. molecules are expressed on myeloma cells and lf $0, whether they are assocrated wrth L e P

~ Experimental Design: The expressron of B7 2'and B7- H2 molecules on normal plasma andi G -
: ,neoplastrc (myeloma) plasma cells was analyzed The cell prollferatlon and Immunomodulamry o

Results Human myeloma cell llnes commonly expressed B7.2 and B7- H2 molecules B7 200

e vexpressmn on plasma cells was more common in myeloma patients (7 = 35) compared withthat

in: patients with mcnoclonal gammopathy of unknown s:gnrflcance n= 12) or hema’tologrcallyj ,

{'[’normal individuals (n = 10). Plasma cells expressing B7-H2 were observed in myeloma patlents i
‘”alone although rarely Patrents whose myeloma cells showed high B7.2 expression were more =~ .

~ stimulate myeloma cell proliferation.

. 'ln'the pathophysrology of myeloma S

Multiple myeloma (MM) is a virtually incurable hematologic
malignancy characterized by monoclonal growth of plasma
cells (myeloma cells). In addition to the well-known deficiency
in B-cell immunity, T-cell dysfunction, such as reduced
cytotoxic activity (1) and reduced responsiveness to interleukin
2 (IL-2; refs. 2, 3), has been reported, which may weaken
antitumor immune responses in MM patients. The interaction
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i anemlc and thrombocytopenlc than other myeloma patients. The expression of these molecules» o

S ‘:was lnduced or atigmented by cultlvatlng myelomacells with autologous stroml Vcells or tumorf’ B

& ,necrosrs factor-a, a key cytokme in myeloma blology ‘Cell proliferation was m re rapld in the’

. B72" and B7-H2" populations. compared with the B72 and B7-H2 populatrons respectlvely, e

Siin the human' myeloma cell lines examined. B7.2 and B7-H2 molecules on myeloma cellsinduced: o
~normal CD4" Tcells to proliferate and produce soluble factors |ncludmg |nterleukrn 10 that'f s

. Conclusions: Functional B7.2and B7- H2 molecules detected on myelo

770

,c’ells may be lnvo e

between myeloma cells and bone marrow (BM) stroma cells
stimulates the production of a variety of cytokines that are
involved in the pathophysiology of MM (4, 5). Those include
IL-6, IL-10, and tumor necrosis factor-a (TNF-a), which
stimulate myeloma cell growth (6-9). An interesting aspect is
that both IL-10 and TNF-o have an immunomodulating
function, including inhibition of CTLs (10~12).

The B7 family molecules play an important role in the
immune response by costimulating or coinhibiting T cells via
antigen-T-cell receptor interactions (13-16). Interactions
between B7.1/B7.2 ligands on professional antigen-presenting
cells and CD28/CTLA-4 receptors on T cells represent a classic
pathway and control antigen-specific T-cell proliferation,
anergy, and survival. B7-H2 is another B7 family molecule
induced by TNF-a (17). The binding of B7-H2 to the inducible
costimulatory receptor (ICOS), a counterreceptor, induces
T cells to proliferate and secrete both Th1 and Th2 cytokines,
such as IFN-y and IL-4 but not the potent Thl cytokine IL-2
(18). Furthermore, the B7-H2-ICOS signal induces IL-10
production, which plays an important role in reducing immune
responses (19, 20). B7 family molecules are expressed not only
on professional antigen-presenting cells but also on some
tumor cells and the latter may modulate antitumor immunity
in hosts. For example, we detected the expression of B7.2 and
B7-H2 molecules on blasts from patients with acute myeloid
leukemia and showed that these molecules on acute myeloid
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B7.2 and B7-H2 Molecules on Myeloma

. ;’Translatlonal Relevance o

Mult|ple myeloma (MM) isa vn'tuaﬁy incurable: hemato- :
~logic mal!gnancy Therefore, research that could result in. =
improved MM treatment and/or a breakthrough in our
s understandmg of this disease is very important. This article -
. shows that myeloma cells from a substantial number of MM
o patnents express functlonal B7.2 or B7-H2 molecules,
. Furthermore, it provides evidence that these molecules on
“myeloma cells may: be involved in the pathophysiology
~of the disease. It is anticipated that these data will be

'translated mto a new therapeutic strategy for MM

leukemia blasts inhibited anti-acute myeloid leukemia immu-
nity in vitro and were associated with poor patient prognosis
(21). In MM, data on B7 family molecules are lacking. To the
best of our knowledge, only one study examined this topic.
Pope et al. (22) observed that MM patients whose tumor cells

expressed B7.2 molecules had a poor prognosis. However, they
did not examine whether the B7.2 molecules on myeloma cells
were functional. Here, we investigated whether functional B7.2
and B7-H2 molecules are expressed on myeloma cells and, if so,
whether these B7 molecules are associated with pathophysiol-
ogy in MM.

‘Materials and Methods

Cell lines. Eleven human myeloma cell lines (HMCL), KMM-1,
KMS-11, KMS-12BM, KMS-12PE, KMS-18, KMS-20, KMS-26, KMS-27,
KMS-28BM, KMS-28PE, and KMS-34, were kindly provided by
Dr. Otsuki {Kawasaki Medical School, Okayama, Japan). PCM6 cells
were obtained from the Riken Cell Bank, and RPMI8226 and U266 cells
were from the American Type Culture Collection. PCM6 cells were
maintained in McCoy’s 5A modified medium (Life Technologies)
containing 20% FCS and 3 ng/mL of recombinant IL-6 (Kirin Brewery
Co.). The other cells were maintained in complete medium, i.e., RPMI
1640 supplemented with 10% FCS and 2 mmol/L t-glutamine. In
experiments examining the effects of cytokines on these cells, TNF-«
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Fig.1. A, B7.2 and B7-H2 mRNA expression analyzed using reverse transcription-PCR in 14 HMCLs. Equal amounts of cDNA from each celt line were amplified using
primers specific for B7.2, B7-H2, and p-actin. 8, representative flow cytometry analyses of the B7.2 and B7-H2 expression in HMCLs. Bold curves, staining with anti-B7.2 or
anti-B7-H2 mAb; thin curves, staining with isotype-matched control immunoglobulin. Data are expressed in the percentages of positive cells and in relative mean fluorescence
intensity (numbers in parentheses). C, effects of TNF-o and IL-6 on B7.2 and B7-H2 expression in HMCLs. Columns, mean of three independent experiments; bars, SD.

Medium, no cytokine was added. *, P < 0.05, significantly different from Medium.
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(500 units/mL; PeproTech), IL-10 (10 ng/mL; MBL), or I[L-6 {10 ng/mL)
were added to the cultures. The cell number was counted using the
trypan blue dye-exclusion method.

In some experiments, B7.2%, B7.2°, B7-H2", or B7-H2" KMS$-27 cells
were purified with FACSVantage (Becton Dickinson) as described
previously (23).

Patients, hematologically normal individuals, and cell preparation.
BM samples were obtained from individuals who underwent BM
aspiration for diagnostic purposes after obtaining written informed
consent. They included 35 MM patients [4 stage I and 31 stage III
according to the definition of Durie and Salmon (24)], 12 patients with
monoclonal gammopathy of unknown significance, and 10 hemato-
logically normal individuals. All BM samples from MM patients were
obtained at the initial diagnosis, except for those from 6 patients, 2 of
whose samples showed that they were refractory to conventional
chemotherapy and 4 of whose samples were in the plateau phase
according to the standard definition. Diagnoses were made according to
the WHO cdlassification. Mononuclear cells were separated from BM
samples with Histopaque (Sigma) density centrifugation. These cells
were used immediately or cryopreserved in liquid nitrogen until use. In
cell samples from hematologically normal individuals, CD19-positive
cells were enriched from BM mononuclear cells using magnetic cell
sorting (Miltenyi Biotec; ref. 23) to ensure plasma cell identification in
flow cytometry (25). This study was approved by the institutional
review board of Nippon Medical School.

Stroma cells were prepared as follows. BM mononuclear cells from
MM patients (2 x 10°/mL) were plated in G-well plates in complete
medium. The cultures were fed weekly by removing 75% of the
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medium and adding fresh medium to make up the same volume. After
the cultivated cells became adherent, stromal cell shaped, positive for
mesenchymal stem cell markers (CD44 and CD90), and negative for
hematopoietic markers (CD34, CD45, and CD11b), they were used as
stroma cells (26). In experiments inducing B7.2 and B7-H2 expression,
mononuclear cells were cultured in complete medium on autologous
stroma cells for 3 wk or with TNF-a (500 units/mL) for 2 d.

Reverse transcription-PCR. Total RNA extracted from each HMCL
was reverse transcribed with Superscript Il Reverse transcriptase
(Invitrogen) using random hexamers. PCR amplification was done
using the primer sets for B7.2 and B7-H2 and PCR conditions
previously described (21).

Flow cytometry. Immunophenotyping was done with FACScan
(Becton Dickinson; refs. 21, 27). Briefly, after blocking with human
immunoglobulin, patient BM samples were stained with anti-CD38
monoclonal antibody (mAb) labeled with FITC and phycoerythrin-
labeled anti-B7.2 (Becton Dickinson) or anti-B7-H2 mAb (e-Biosci-
ence). Plasma cells were identified by a high expression of CD38
molecules (22). We also confirmed that the identified plasma cells
expressed another plasma cell marker, CD138 (Becton Dickinson).
Examples of flow cytometry analysis are shown in Supplementary
Fig. S1. HMCLs were single stained with FITC/phycoerythrin-
conjugated mAbs against lymphocyte function-associated antigen-1
(LFA-1), intercellular adhesion molecule-1 (ICAM-1; Beckman
Coulter), very late antigen-4, vascular cell adhesion molecule-1 (Becton
Dickinson), B7.2, and B7-H2.

Cell cycle analysis. After blocking with human immunoglobulin,
HMCLs were stained with purified mouse anti-B7.2 or anti-B7-H2
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mAbs. The cells were washed and further incubated with FITC-
conjugated antimouse IgG (Biosource). Then, the cells were fixed with
70% ethanol at 4°C for 3 h. The fixed cells were washed and
resuspended in 100 puL of PBS and 1 pg of RNase (Qiagen) containing
0.1 mg/mL of propidium iodide (Sigma). The cell cycle profiles of
B7.2%, B7.2°, B7-H2", and B7-H2" HMCLs were analyzed using flow
cytometry.

Colony-forming assay. Purified B7.2*, B7.2°, B7-H2*, and B7-H2
cells (1 x 10® per culture dish) were cultured in MethoCult H4230
methylcellulose medium (StemCell Technologies; ref. 23). Colonies
(aggregates of 50 or more cells) were scored on day 14 of culture.

Mixed lymphocyte-myeloma reaction. CD4* T cells (purity > 95%) were
prepared from peripheral blood of healthy volunteers on magnetic cell
sorting columns (21). These cells (1 x 10%) were cocultured with irradiated
(20,000 rad) myeloma cells (1 x 10%) expressing both B7.2 and B7-H2
molecules in microtiter wells for 5 d. Antagonistic mAbs (10 pg/mlL)
against B7.2 and ICOS (e-Bioscience) were added to the cultures to block
the B7.2-CD28 and B7-H2-1COS pathways, respectively. During the final
18 h of culture, [*H]thymidine (1 pCi/well) was added to determine
T-cell proliferation. All samples were assayed at least in quadruplicate.

In some experiments, culture supernatants of mixed lymphocyte-
myeloma reaction (MLMR) were collected on day 5 of culture. The
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Fig. 3. A, cell cycle analyses of B7.2" or B7.2" KMS-27 cells (feft) and of B7-H2* or B7-H2 KMS-27 cells (right). Each cell population was gated and analyzed in flow
cytometry. Analysis on at least 10,000 events for each sample. The cell cycle data were reproducible when B7-H2™ and B7-H2" KMS-27 cells isolated using FACSVantage
were analyzed (data not shown). B, proliferation of isolated B7.2* or B7.2° KMS-27 cells and B7-H2* or B7-H2" KMS-27 cells. Points, mean of three independent
experiments; bars, SD. C, photomicrographs of purified B7-H2" and B7-H2" KMS-27 cells during exponential cell growth in culture. D, number of colonies {defined as
aggregates composed of 20 or more cells) formed by purified B7-H2" and B7-H2" cells on day 7 of culture. Columns, mean of three independent triplicate cultures;

bars, SD. *, P < 0.01 compared with the data of B7-H2". £, representative flow cytometry analyses of LFA-1and ICAM-1 expression on B7-H2* and B7-H2" KMS-27 cells.
Bold curves, staining with anti — LFA-1 or anti - ICAM-1mAb; thin curves, staining with isotype-matched control immunogiobulin. Data are expressed in percentages of

positive cells and in relative mean fluorescence intensity (numbers in parentheses).
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