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Abstract. The mouse major histocompatibility complex (MHC) class | sequence was detected in all
the 8-week-old Schistosoma japoni cum recovered from BALB/c (H-29) and C57BL/6 (H-2°) mice by
in situ polymerase chain reaction (in situ PCR). The signals of the mouse class| MHC sequence were
observed in the nuclel of the mesenchymal and reproductive cells of 8-week-old Sjaponicum. Fur-
thermore, the class | MHC sequence was detected in each DNA extracted from S. japonicum cer-
cariae maintained in BALB/c and C57BL/6 mice by nested PCR. To prove both horizontal and verti-
cal transmission of this sequence in schistosomes, we have used cercariae obtained from parasites
maintained in BALB/c mice to infect C57BL/6 and BALB/c mice, and vice versa. The MHC se-
quences from adult worms were compared to the cercarial MHC and host MHC sequences. Nucle-
otide sequence comparisons between adult worm DNA, host (H-2¢ and H-2° mice) DNA and cercaria
DNA used for the infection suggested that the sequence of mouse class| MHC was incorporated into

schistosome adults and inherited throughout their life-cycle.

INTRODUCTION

We have previously reported on the exist-
enceof host DNA sequencesin schistosomes(Irie
et al, 1993; Iwamura et al, 1991, 1995; Nara et
al, 1990; Tanaka et al, 1989). Recently, our in
situ PCR results showed evidence of horizontal
gene transfer from the host to schistsomes. The
mouse type 2 Alu sequence (Schmid et al, 1982;
Kominami et al, 1983), the type A (Cole et al,
1981) and type C (Khan et al, 1982) retroviral
sequences were detected in the schistosome bod-
ies(Imaseet al, 1999, 2000). ThetypeA retroviral
sequence was detected in the cercarial DNA of S
mansoni and S. japonicum (Imase et al, 2000).
Our previous work indicated that the horizontal
and vertical transmission of host sequences might
selectively occur in schistosomes.
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In the present study, we detected mouse
major histocompatibility complex (MHC) class|
sequence, known to be related to the immune
evasion of the parasites, in S. mansoni adults and
cercariae (Imase et al, 2001). Since the mouse
MHC geneis one of the most polymorphic gene
families (Pullen et al, 1992), we wanted to dem-
onstrate whether the MHC sequence detected in
S mansoni adultsand cercariae, was host-derived
or not.

Inthispaper, we have attempted further work
on the detection of the class| MHC in male and
femalewormsrecovered from BALB/c (H-29) and
C57BL/6 (H-2°) mice infected with cercariae
maintained in BALB/c mice and recovered from
mice of the two strains infected with cercariae
maintained in C57BL/6 mice.

Here we show the comparison of the nucle-
otide sequences of class | MHC detected in the
adult worms, the cercariae used for the infection
and the host (the mice of thetwo strains) DNA. It
was hoped this work could provide the key to
explain theorigins of the MHC sequence detected
in S japonicum.
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MATERIALSAND METHODS

Parasites

A Japanese strain of S japonicum wasmain-
tained by standard laboratory proceduresin male
BALB/c (H-2% mice and C57BL/6 (H-2Y) mice
anditssnail host, Oncomelania nosophora. Schis-
tosomewasrecovered by perfusion (Smithersand
Terry, 1965) with RPMI 1640 solution (pH 7.4)
from the hepatic portal system of male BALB/c
and C57BL/6 mice at 8 weeks after percutaneous
infection with 30 cercariae/mouse.

The strategy employed in the recovery of
schistosomesisshownin Figl. Cercariae obtained
from parasites maintained in BALB/c mice (de-
scribed as cercariad in Figl) were used to infect
BALB/c and C57BL/6 mice. Cercariae obtained
from parasites maintained in C57BL/6 mice (de-
scribed as cercaria b in Figl) were also used to
infect mice of the two strains. The BALB/c (H-
2% mouse was abbreviated as d and the C57BL/6
(H-2°) mouse was abbreviated asbin Figl. Male
and female S. japonicum from the d—d, d—b,
b—d and b—b groupswererecovered at 8 weeks
after exposure of cercariae.

Preparation of DNA

DNA was extracted from 8-week-old male
and female S. japonicum from the d—d, d—h,
b—d and b—b groups, S. japonicum cercariad
and cercaria b and the liver of BALB/c and
C57BL/6 mice. DNA extraction was performed
by using the WB DNA Extractor Kit (Wako) with
the sodium iodide method.

In situ PCR
Frozen tissue sections were prepared as de-
scribed previously (Imase et al, 2000).

The primer set of mouse class | MHC was
designed from the nucleotide sequences of H-2L¢
genes determining the Ag binding domain (a1)
(Evanset al, 1982) and from our sequencing data
from C57BL/6 mice. The sequences were;
GGAGTTCGTGCGCTTCG and CTGCTCTT
GGCCCTTGG. Fifty ul of the amplifying solu-
tion containing 4.5 mM MgCl,, 200 MM dNTPs,
0.5 uM of each primer and 2.5 U of Taqg DNA
polymerase (TaKaRa EX-Taq) was placed over
thetissue section (Nuovo, 1994; 1995). Thedlide
glasswasthen placed directly on the sample block
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of athermal cycler (Perkin EImer). The PCR con-
ditions was as follows : Initial denaturation at
94°C for 150 seconds followed by 40 cycles of
94°C denaturation for 3 seconds, 50°C annealing
for 20 seconds, and 72°C extension for 15 sec-
onds.

Afterinsitu PCR, in situ hybridization with
adigoxigenin-11-dUTP(DIG) |abeled probe was
performed as described previously (Imase et al,
2000).

Polymerase chain reaction (PCR)

The sequences of the primers used were as
follows: outer primers; CACACTCGATGCGG
TATTTCG and TCTGGTTGTAGTAGCCGA
GC, inner primers; CATCTCTGTCGGCTA
TGTGG and AGGGTCCTCAGGTTCACTCG.

Thefirst PCR wasdonewith thetarget DNA
described below in a solution of ten ul volume
containing 0.5 uM of each outer primer and 0.25
U of Tag DNA polymerase (TaKaRa EX-Taqg).
Thetarget DNA wasasfollows; 20 ng adult worm
DNA, 30 ng cercarial DNA, 0.3 ng mouse DNA
(a positive control), and 30 ng planaria DNA (a
negative control). After a3-minuteincubation, at
94°C for complete denaturation of the DNA, 40
cyclesfor cercarial DNA, adult worm DNA and
planaria DNA and 30 cycles for mouse DNA, at
94°C for 30 seconds, 55°C for 25 seconds and
72°C for 20 secondswere donein aDNA thermal
cycler (Thermal sequencer TSR-300, Iwaki
Garasu).

For the nested PCR, 1 ul of the first PCR
product was amplified further for 30 cycles us-
ing the inner pair of primers as described by
Iwamuraet al (1995). The annealing temperature
was 55°C. Ten microliters of the nested PCR re-
action mixture was electrophoresed on a 2.5%
agarose gel.

Sequencing of the PCR products

Sequencing was performed by dye termina-
tor cycle-sequencing method in an ABI 377 au-
tomated DNA sequencer (PE Biosystems). Each
of the nested PCR products was sequenced using
the primersfor the nested PCR described before.
DNA samples used were as follows: DNA of 8-
week-old male and female S japonicum from
d—d, d—b, b—d and b—b groups, DNA of cer-
cariad and cercariab, and DNA of BALB/c and
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C57BL/6 miceliver.

RESULTS

Localization of the sequence of mouse class
| MHC in Sjaponicum

The localization of the mouse class| MHC
sequence was detected by in situ PCR and hy-
bridization with aDIG labeled probe. The signal
of the class | MHC sequence, a purple-blue pre-
cipitate, was detected in the nuclel of the mesen-
chymal cells and in the nuclei of the testicular,
ovarian and vitelline cells of both 8-week-old S,
japonicum recovered from BALB/c and C57BL/
6 mice. Fig 2-A, 2-C, and 2-D showed the local-
ization of the class | MHC sequence in S.
japonicum recovered from BALB/c mice. Fig 3-
A, 3-C and 3-D showed the localization of the
class| MHC sequencein S. japonicumrecovered
from C57BL/6 mice. We performed in situ PCR
on S. japonicum without Tag DNA polymerase
to compare the negative and positive cells. The
negative cells are shown in Fig 2-B and 3-B.

TheBALB/cand C57BL/6 miceliver tissue
sections were used as positive controls. The sig-
nals of the mouse class | MHC sequence were
detected in the nuclei of theliver cells. The free-
living planaria tissue section was used as anega-
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tive control. No signal of this sequence was de-
tected in thisworm .

Comparison of the nucleotide sequences of
the mouse class | MHC detected in ampli-
fied DNA

The nucleotide sequence of mouse class |
MHC detected in amplified products from 8-
week-old male and female S japonicum DNA
from the d—d, d—b, b—d and b—b groups was
compared with that of BALB/c and C57BL/6
mice DNA and that of cercaria d or cercaria b
DNA used for the infection. The sequence ho-
mology between themisshowninTable 1. Inthis
experiment, the sequence homology of class |
MHC between BALB/c mice encoding H-2¢gene
and C57BL/6 mice encoding H-2* gene was
90.7%.

The sequence homology between the MHC
sequence of male and female worms from the
d—d group and that of the host (BALB/c mice)
was 100%. The MHC sequence of themaleworm
of b—d group wasidentical with that of BALB/c
mice from which adult worms were recovered.
The MHC sequence of the female worm of b—d
group was closely related to that of BALB/cmice
(sequence homol ogy; 97.3%). On the other hand,
in the case of d—b group, the sequence homo-

CS57BL/6 (H-2b)

cercaria b

o>

BALB/c

CS7BL/6

(b—d) l

Fig 1-Thestrategy employed intherecovery of schistosomes. Maeand femae S japonicum from d—d, d—b, b—dand
b—b groups were recovered at 8 weeks after exposure of cercariae. Sjaponicum, cercariad and cercariab were
respectively obtained from parasitesmaintained in BALB/c and C57BL/6 mice; d: BALB/cmice (H-29), b: C57BL/

6 mice (H-2°).
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Fig 2-Blight-field micrographs
showing the localization of
the sequence of mouseclass
I MHCin S japonicumre-
covered from BALB/c
mice. In situ PCR and hy-
bridization was performed
on the frozen sections. The
positive signals are purple-
blue precipitates. Scale bar
is25uminal photos. (A)
middle portion of maleand
femae worms, (B) middie
portion of male and female
wormsthat hadinsitu PCR
performed without Taq
DNA polymeraseasanega
tivecontrol, (C) thetestisof
maleworms, (D) the ovary
of femaleworms. mc, mes-
enchymal cells; ov, ovary;
tg, tegument; ts, testis; vg,
vitelline gland.

Fig 3-Blight-field micrographs
showing the localization of
the sequence of mouseclass
I MHCin S japonicumre-
covered from C57BL/6
mice. In situ PCR and hy-
bridization was performed
on the frozen sections. The
positive signals are purple-
blue precipitates. Scale bar
is25 uminal photos. (A)
middle portion of male and
female worms, (B) middle
portion of male and female
wormsthat hadin situ PCR
performed without Taq
DNA polymeraseasanega-
tivecontrol, (C) thetestisof
maeworms, (D) the ovary
of femaleworms. mc, mes-
enchymal cells; ov, ovary;
tg, tegument; ts, testis; vg,
vitelline gland.
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BALB/c(H2) : TATGAGCCGCAGGCGCCGTGGATGGAGCAGGAGGGGCCGGAGTATTGGGAGCGGATCACGCAGATCGCCAAGGGC

8wd (d—d) :

8w® (d—d)

cercaria d . ATGGAGCCGCGCGCGCGGTGGGCTGAGCAGGAGGGACCGGAGTTTTGGGAGCAGCAGACACAGAGAGCCAAGGGC

Fig 4-Comparison of the nucleotide sequences of the mouse class| MHC in the d—d group. From the top of the nucle-
otide sequences, DNA samples: BALB/c mice liver, 8-week-old male and femal e Sjaponicum (d—d) recovered
from BALB/c miceinfected with cercariad and S japonicum cercariae (cercariad) maintained in BALB/c mice;
adot denotes sequence identity with the host sequence.

logy of adult worms and BALB/c mice, the pre-
vious host, was 89.3% and that of adult worms
and C57BL/6 micefrom which adult wormswere
recovered, was 92.0%. In the case of the b—b
group, the sequence homology of adult worms
and BALB/c mice was 88.0% and that of adult
worms and C57BL/6 mice was 92.0%.

In addition, the sequence homology of male
and female worms and cercariae used for thein-
fection was lower than that of male and female
worms and the host from which adult wormswere
recovered. However, the sequence homology of
b—b group adult worms and cercariae b and the
sequence homology of b—b group adult worms
and C57BL/6 mice were the same (92.0%).

The nucleotide sequence comparisons in
each group between the host from which adult
worms were recovered, the male and female
worms and the cercariae used for the infection
are shown in Figs 4-7. Where necessary, the se-
guencing data of adult worms are attached. As
seen in Figs 4-7, 17 nucleotides in italic of male
and female worm sequences were not identical
with nucleotides of the host sequence. Yet they
were identical with nucleotides of cercarial se-
guence used for the infection. The underlined 9
nucleotides differed from the host sequence and
the cercarial sequence. However, they had a mi-
nor signal (indicated by an arrow in sequencing
data) that represented a nucleotide of host se-
guence in addition to amajor signal.

DISCUSSION

Althoughit hasbeen well known that mouse
MHC antigens are expressed on the surface of
schistosomes (Gitter et al, 1982; Simpson et al,
1983; Sher et al, 1987), the origin of these MHC
antigens is still unclear. Our previous work in-
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volved thefinding of host DNA sequencesinclud-
ing the class| MHC loci in schistosome DNA by
blot hybridization and PCR analysis (lwamuraet
al, 1995).

Inthiscurrent work, weused thein situ PCR
and hybridization method to determine the local -
ization of the sequence of mouse class| MHC in
Sjaponicum. The sequence of mouseclass| MHC
was localized in the nuclei of the mesenchymal
and reproductive cells of both 8-week-old S.
japonicum recovered from BALB/c and C57BL/
6 mice. The signals of mouse class | MHC se-
quence showed similar localization to those of
therepetitive sequences such asmousetype 2 Alu
sequence and mouse endogenoustypeA and type
C retroviral sequences as previously reported
(Imase et al, 1999; 2000). These findings sup-
ported the existence of DNA homol ogies between
host and schistosomes. The host DNA sequences
may have originated fromviral infection (Howell,
1985) or the induction of atransposon (Laski et
al, 1986). It might be that DNA homologies be-
tween host and parasite point to direct incorpora-
tion of host genetic material into the parasite ge-
nome (Salzet et al, 2000).

Furthermore, the mouse class | MHC se-
quence was detected in S japonicum cercaria
DNA. It supportstheideathat the MHC genewas
vertically transmitted in S, japonicumasreported
previously on Smansoni (Imase et al, 2001). As
the mouse class | MHC gene is well known for
itshigh level of genetic polymorphism (Pullen et
al, 1992), the comparison between the nucleotide
sequences of class| MHC detected in the DNA
of male and female worms, the DNA of hosts
(BALB/c and C57BL/6 mice) and the DNA of
cercariae used for the infection could shed some
light on the origin of this sequence existing in
schistosomes.
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BALB/c(H-29) TATGAGCCGCAGGCGCCGTGGATGGAGCAGGAGGGGCCGGAGTATTGGGAGCGGATCACGCAGATCGCCAAGGGC

Bwd (b—d)

Bw® (b—d) = = -+ - - G- G

cercaria b : TTGGAGCCGCGGGCGCCGTGGATGGAGCAGGAGGGGCCGGAGTATTGGGAGCGGATCACGCAGATCGCCAAGGGA

GGTATGAG CCGCGGGCGCNGTGGATGGAGCAGGAGGGGC CGGAGTATTGGGAGCGGAT CACGCAGATCB CAAGGGC CA
i 80 ERS

20 30 40 50 60

—

Fig 5-Comparison of the nuT:I eotide sequences of the mouse class| MHC in the b—d group. From the top of the nucle-
otide sequences, DNA samples: BALB/c mice liver, 8-week-old male and femal e Sjaponicum (b—d) recovered
from BALB/cmiceinfected with cercariab and S japonicum cercariae (cercariab) maintained in C57BL/6 mice.
A dot denotes sequence identity with the host sequence. The nucleotideinitalic indicatesthe nucleotideidentical
to the cercarial sequence and different from that of the host MHC sequence. The underlined nuclectide differed
from both the host MHC sequence and the cercarial MHC sequence. It had aminor signd indicated by an arrow

in the sequencing datain addition to amajor signal. The sequencing data of 8-week-old female S. japonicum of
b—d group is attached.

C57BL/E(H2Y) - TATGAGCCGCGGGCGCCGTGGATGGAGCAGGAGGGGCCGGAGTATTGGGAGCGGGAAACACAGAAAGCCAAGGGEC
Bwd (dob) : =TG-+« o« s s oo T G o TG e
BwR (deb) : = TGoe - o m o mme e Gor o o e e e e e e e e e e e e e G- e e TC -
cercaria d . ATGGAGCCGCGCGCGCGGTGGGCTGAGCAGGAGGGACCGGAGTTTTGGGAGCAGCAGACACAGAGAGCCAAGGGC

53GTTGGAGCCGCGGGC GCGGTGGATGGAGCAGGAGGGGC CGGAGTATTGGGAGCGGGAGACACAGATCGCCAAGGGC CA
20 30 LRV 50 60 70 80 90

|
il 1 |

WL | “ N‘m UL

Fig 6-Comparison of the nucleotide sequences of the mouse class| MHC in the d—b group. From the top of the nucle-
otide sequences, DNA samples: C57BL/6 miceliver, 8-week-old male and femal e Sjaponi cum (d—b) recovered
from C57BL/6 miceinfected with cercariad and S japonicum cercariae (cercariad) maintained in BALB/c mice.
A dot denotes sequence identity with the host sequence. The nuclectideinitalic indicatesthe nucleotideidentical
to the cercarial sequence and different from that of the host MHC sequence. The underlined nucleotide differed
from both the host MHC sequence and the cercarial MHC sequence. It had aminor signdl indicated by an arrow

inthe sequencing datain additionto amajor signd. The sequencing dataof 8-week-old male S japonicum of d—b
group is attached.

Vol 35 No.1 March 2004 15




SouTHEAST AsiaN J TrRop MEeD PusLic HEALTH

C57BL/G(H-2) : TATGAGCCGCGGGCGCCGTGGATGGAGCAGGAGGGGCCGGAGTATTGGGAGCGGGAAACACAGAAAGCCAAGGGC

8wd (b—b) TG v v e eI T T T T T G TC- - v e
8w (b—b) TG v o v vt L T G TCw v o e
cercaria b : TTGGAGCCGCGGGCGCCGTGGATGGAGCAGGAGGGGCCGGAGTATTGGGAGCGGATCACGCAGATCGCCAAGGGA

3GTTGGAGC CGCGGGCGCGGTGGATGGAGCAGGAGGGGC CGGAGTATTGGGAGCGGGAG ACACAGATCGL CAAGGGC CA
20 30 40 50 50 70 80 90

Fig 7-Comparison of the nucleotide sequences of the mouse class| MHC in the b—b group. From the top of the nucle-
otide sequences, DNA samples: C57BL/6 miceliver, 8-week-old male and femal e Sjaponi cum (b—b) recovered
from C57BL/6 miceinfected with cercariaband S. japonicum cercariae (cercariab) maintained in C57BL/6 mice.
A dot denotes sequence identity with the host sequence. The nuclectideinitalic indicatesthe nucleotideidentical
to the cercarial sequence and different from that of the host MHC sequence. The underlined nucleotide differed
from both the host MHC sequence and the cercarial MHC sequence. It had aminor signd indicated by an arrow
inthe sequencing datain addition to amajor signal . The sequencing data.of 8-week-old male S japonicumof b—b

group is attached.

Asseenin Table 1, the nucleotide sequences
of class| MHC detected in male and femaleworm
DNA recovered from BALB/c mice (d—d and
b—d groups) were entirely identical with a host
MHC sequence except for a female worm se-
guence of the b—d group. Thisfemale worm se-
guence resembled a host MHC sequence (se-
guence homology; 97.3%). On the other hand,
the nucl eotide sequences of class| MHC detected
in male and female worm DNA recovered from
C57BL/6 mice (d—b and b—b groups) differed
fromahost MHC sequencein several nucleotides.
We may link these results with the evidence that
the BALB/c mouse is the preferred host for
Sjaponicum.

AsshowninFigs4-7, 17 nucleotidesinitalic
and 9 underlined nucleotides of adult worm se-
guences differed from the host nucleotide se-
guence. Seventeen nucleotidesinitalic wereiden-
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tical with the cercarial nucleotide sequence. The
9 underlined nucleotides had aminor signal which
showed the host nucleotide sequence. It seems
that theclass| MHC detected in adult worm DNA
could possibly be derived from cercariae and the
host respectively. Moreover, the nucleotide se-
quences of class | MHC detected in adult worm
DNA aremoreclosely related to the host sequence
than to the cercarial sequence. It should be kept
in mind that adult worm DNA has amuch larger
amount of the horizontal transmitted (host) se-
quence than the vertical transmitted (cercaria)
sequence.

In our previous papers, we reported that the
typeA retroviral sequencewas selectively propa-
gated in schistosome progeny (Imaseet al, 2000),
and the mouse class | MHC sequence was hori-
zontally and vertically transmitted in Smansoni
(Imaseet al, 2001). In this paper, we present evi-
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Tablel
Sequence homology of mouse class | MHC sequence detected in amplified DNA. DNA sources: 8-
week-old male and female S. japonicum from the d—d, b—d, d—b and b—b groups, cercariad and
cercariab, BALB/c and C57BL/6 mice liver.

Mouse Cercaria
BALB/c C57BL/6 Cercariad Cercariab
8w J (d—d) 100.0% 90.7% 85.3%
8w o (d—d) 100.0% 90.7% 85.3%
8w d' (b—d) 100.0% 90.7% 95.9%
8w ¢ (b—d) 97.3% 90.7% 95.9%
8w J (d—b) 89.3% 92.0% 85.3%
8wo (d—b) 89.3% 92.0% 85.3%
8w J (b—b) 88.0% 92.0% 92.0%
8w (b—b) 88.0% 92.0% 92.0%

*BALB/c: C57BL/6 = 90.7%

dence of the horizontal and vertical transmission
of the mouse class | MHC in Sjaponicum. The
existence of such class| MHC sequencesin schis-
tosome may be correl ated to the evolutionary ori-
gin of parasite molecular mimicry (Damian et al,
1973; Damian, 1979; 1987; 1997). Thehost DNA
sequences selectively retained in cercarial genome
may play an important role in evading host im-
mune attack. Thesefindings may help throw some
light on the study of molecular mimicry and host-
parasite co-evolution.
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