
Int. J. Dev. lIiol. 39: 645.652 (1995) 645

Origi1lal Artic/"

Cell mixing during the early development of mouse
aggregation chimera

PETR DVORAK,.3., ATSUSHI YOSHIKI', DANA DVORAKOVA',
JACQUES-EDMOND FLECHON' and MORIAKI KUSAKABE'

'Laboratoire de 8iologie Ce/Julaire at MoJecu/aire, INRA Jouy en Josas, France, 2Laboratory of Gel/Biology, RIKEN, Tsukuba Life Science
Center, Tsukuba, Japan and 31nstitule of Animal Physiology and Genetics, Czech Academy of Sciences, Sma, Czech Republic

ABSTRACT Two different inbred strain combinations of mouse aggregation chimeras -
C3H/HeN (H_2kl x C57BL/6N (H-2bl and C3H/HeN x BALB/cA (H-2d) were used for cell mixing analy-
sis at two points in time -24 h after aggregation (just prior to transplantation into foster mothers)
and 7.5 days post coitum (p.c.l. The cell proportion of two H-2 haplotypes at the blastocyst stage
was studied using a fluorescence.labeled monoclonal antibody recognizing a C3H-specific alloanti-
gen - CSA (C3H strain-specific antigen) and laser scanning confocal microscopy. The 7.5-day-old
chimeras were sectioned and subsequently processed by sensitive biotinylated antibody - avidin
peroxidase immunohistochemical technique. Our results showed that 24 h after aggregation (blas-
tocyst stage), there was equal cell mixing and no mouse strain used in the present study was dom-
inant at this time. In 7.5-day-old C3H/HeN x BALB/cA chimeras, cells of both genotypes were inter-
mingled, but the C3H/HeN strain was dominant in all cases. In contrast, the combination C3H/HeN
x C57BL/6N clearly showed reduced numbers of C3H/HeN cells (CSA-positivel in 83% of the
chimeras evaluated. Generally, CSA positive cells were found only in randomly distributed small
distinct areas representing less than 20% of embryonal cells. Surprisingly, the extraembryonal
ectoplacental cone was uniformly CSA positive in some C3H/HeN x C57BL/6N chimeras.
Furthermore, in 36% of normally implanted chimeras of both strain combinations progressive
degeneration was observed. We suggest that the cell mixing pattern as well as the absolute num-
ber of cells derived from each strain in the aggregation chimera can be affected by specific immune
interactions involving H-2 haplotype combinations of the allogeneic fetus and the fully immuno-
competent host organism, at later points in development.
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Introduction

Mouse aggregation chimeras continue to be exciting models
for studies of early mammalian development. Experimental
chimeras have been used to analyse coat-color patterns (Tachi
et al., 1990), developmental ability of parthenogenetic stem cells
(Jagerbauer et al., 1992), embryonic stem cell fate (Nagy et al..
1990), morphogenesis of neural tissue (Crandall and Herrup.
1990; Crusio et a/., 1990) and skeletal muscle differentiation
(Fundele et al., 1994). cell-cell contact and interactions
(Sepulveda and Izquierdo. 1990; Malia. 1991). and lethal muta-
tions (Barsh et a/., 1990). Moreover, in combination with useful
cell lineage markers, it is an excellent experimental model for
cell differentiation and fate analysis (Deltour et al.. 1991; Musci
and Mullen. 1992) or studies of the role of cell membrane mole-
cules during early development (Barnes. 1976; Matsunaga et a/.,
1980).

However, there are few data about genotype interaction and
cell mixing in the different strain combinations of mouse aggre-
gation chimeras. The relative lack of reproducible results has
been caused by the lack of an optimal histological marker up to
the present. Kusakabe et al. (1988) and Yoshiki et al. (1993)
have proposed an almost ideal mouse strain-specific marker:
CSA. By using a monoclonal antibody reacting with this antigen.
Yoshiki at al. (1993) confirmed that cell mixing in aggregation
chimeras occurs very early in embryogenesis. In the combina-
tion C3HIHeN x BALB/cA. a well intermingled pallern was
observed in all embryonic tissues including blood islands at day
7.5 p.c.

A critical point during pregnancy is the implantation of the
blastocyst when the embryo allaches to the wall of the uterus
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To1alnumber No,ofchlmeras No.ofblas1ocysts
Mouse strain afaggregates developed well to the fixed and sta'ned
combination blastocysts1age

mlcraholes PHA-P mlcroholes PHA.P mlcroholes PHA-P"
C3HfHeN x C57BU6N 102 26 94 22 12 22
C3HfHeN x BALB/cA 123 26 103 23 13 23
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Fig. 1. Cell mixing in preimplantation chimeras. (A,B,C,DJ. Immunofluorescence staining of well developed C3H/HeN x C57BU6N (A) and
C3H/HeN x BALB/cA (8) chimeric blastocysts 24 h after aggregation. The stained cells are of the C3H genotype while negative cells are of the C57BL
or BALBk genotype. It is important to note that only one representative optical section is shown. When the blastocysts were optically sectioned and
genotype ratios at each optical cut were determined, the total cell ratio was equal. Uniformly distributed C3H-speciflc cell marker - CSA in the con-
trol (C3H/HeN x C3H/HeN) aggregates ICI confirmed specificity of the system. Immunofluorescence staining and morphology of incorrectly devel-
oped chimeric blastocyst; in this case with 2 blastocoels (D), Such aggregates were excluded from these experiments.

and becomes directly dependent on the maternal environment.
Little is known about the immune regulation of implantation and
subsequent specific maternal-fetal immune interactions, thus the
making of aggregation chimeras from embryos of defined H-2
haplotypes followed by transplantation into foster mothers,
seems to be a useful strategy.

It was originally supposed that embryonal cells might escape
recognition by the mother's immune system by total suppression
of the expression of transplantation antigens (Billingham, 1964).
However in the mouse, MHC class I genes are transcribed in the
early embryo (David-Watine ef al., 1987; Silverman ef al., 1988;
Hedley ef 81., 1989; Drezen ef al., 1992, 1994) as well as in the
yolk-sac and placental tissues (Philpott ef al., 1988). Potential
alioantigens are expressed in extraembryonic tissues intimately
associated with maternal tissues and blood supply and yet fail to
induce immunological rejection (Philpott ef al., 1988). Thus, reg-
ulated expression of MHC antigens by the placental trophoblast
cells, which intervene between the embryo and maternal blood
and tissues, is now believed to play an important role in the phe-
nomenon of maternal-fetal immune adaptation (Kydd et a/.,
1991; Hunt and Orr, 1992). Similarly, in the human the expres-
sion of leukocyte antigen A, B, and C loci is greatly reduced in
trophoblast cells compared to embryonic cells. When
these cells are cocultured with peripheral blood lymphocytes

from corresponding females in the presence of IL-2, allogeneic
cytotoxic T lymphocytes are generated only in culture with
embryonic cells, and trophoblast cells express resistance to lysis
(Yahata ef al., 1990).

However, there are strong differences between maternal-fetal
interactions after natural mating and host-fetal interactions in
artificial embryo transfer experiments. As shown in rat allogene-
ic natural matings, the allele-specific class I transplantation anti-
gens are not expressed on the membrane of the trophoblast but
they are expressed after embryo transfer involving embryos of
the same genotype (Kanbour-Shakir ef al., 1990). These exper-

TABLE 1

RESULTS OF AGGREGATION EXPERIMENTS'

.AII aggregates were microscopically examined after 24 h of cultivation
in M 16. "Aggregation techniques using PHA-P or microholes were
used with similar results.



Transferred into Decidual Rejected after No. of embryos

reaction implantation.. developed well-"

CD-l Fl CD-' F1 CD-l Fl CD-l Fl

62 20 32 5 13 19 4
70 20 31 2 11 20 2
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RESULTS OF TRANSPLANTATION EXPERIMENTS'

TABLE2

Mouse strain

combination

C3HIHeN x C57BU6N
C3H/HeN x BALB/cA

.To exclude the possibility that aggregation technique using PHA-P can stimulate the expression H-2 antigens. only blastocysts aggregated in micro-
holes were transferred into CD-lor Fl pseudopregnant females. "'Decidual reaction was observed. but no embryo was found Morphologically
normal embryos were sectioned through and 5--10 of representative slides were used for immunostaining.

iments suggest that in the rat the suppression of allele-specific
MHC class I antigens on trophoblast cells occurs shortly after
fertilization and that it probably requires the uterine environment
of natural mating.

In the light of these results it seems possibie fhat the absolute
number of cells coming from aggregation partners and final cell
mixing can be influenced by the stimulated pseudo-mother's
immune system, depending on the H-2 haplotype of both part-
ners.

We report here an analysis of cell mixing using a mouse
strain-specific marker in the chimera 24 h after aggregation and
7.5 days p.c. Our report focuses on differences between two
inbred strain combinations of aggregation chimera. An addition-
al aim of this study was to determine whether significant
changes or tendencies in the ratio and absolute number of cells
occurs 5 days after transplantation into females made pseudo-
pregnant by mechanical stimulation.

Results

70 well deveioped C3H/HeN x C57BU6N or BALB/cA
chimeras were used to analyze the cell mixing pattern 24 h after
aggregation - at the blastocyst stage. As revealed by C3H/HeN-
specific immunochemical staining and confocal microscopy, no
selection against any H-2 haplotype was observed. Similar con-
tribution of both parental genotypes in both strain combinations
was found in the inner cell mass as well as in the mural tro-
phectoderm (Fig. 1A,B). In summary, the distribution of CSA
positive C3H/HeN celis in correctly developed blastocysts
seems to depend on the first contact between the B-cell stage

embryos, and is thus random. All aggregates of the strain com-
bination C3H/HeN x C3H/HeN (positive control) were strongly
and homogeneously stained (Fig. 1C) and negative control
chimeras (C57BU6N x BALB/cA) were not stained (data not
shown). Poorly developed aggregates (e.g. noncompacted or
with 2 blastocoels) were excluded from this experiment (Fig.
10).

172 aggregates of the various strain combinations were trans-
ferred into CD-1, or (BALBIcA x C57BU6N) F1 foster mOfhers, in
order to analyze the cell mixing pattern 7.5 days p.c. - at the late
primitive streak stage. These resulted in 70 implantation sites of
which 25 contained degenerated embryos (35.7%) and 45 gave
rise to morphologically normal embryos. All embryos were dis-
sected and fixed for subsequent analysis at day 7.5.

As demonstrated by C3H-specific immunostaining, all nor-
maliy developed embryos could be considered as a true
chimeras. Control embryos (C57BU6N x C57BU6N or BALB/c x
BALB/c) showed no positive staining (data nof shown).

Results of aggregation and transplantation experiments are
summarized in Tables 1 and 2, respectively.

As shown in Table 3, there was a significantly higher contri-
bution of C57BU6N cells in 82.6% of C3H/HeN x C57BU6N
chimeras. Estimated proportions of positive (C3H/HeN) cells did
not exceed 20% and were located in small distinct clusters (Fig.
2A,B). Only in 2 chimeras (B.7%) was the number of C3H/HeN
cells higher than C57BU6N cells and 2 other chimeras had
approximately equal contributions from both genotypes. In all
chimeras anaiyzed, differences in the distribution of CSA posi-
tive areas were seen, but no specific and repeatable pattern was
obvious. However, in 3 chimeras where C3H/HeN cells repre-

TABLE 3

CELL MIXING IN THE 7.5 DAY OLD CHIMERAS

Mouse strain
combination

No. of chimeras
showed both genotypes

proportionally
No. at chimeras

evaluated

No. of chimeras significantly shifted to.
C3HIHeH C57BU6N BALB/cA

H.2k H.2b H-2d

CD-t FlF1 CD-' FlFl CD-lCD-l

C3H/HeN x C57BU6N
C3H/HeN x BALB/cA

2 1
2

23
22

1
20

16 3

.The proportion of CSA positive cells (C3H/HeN) was visually estimated. The negative cells were considered as C578LJ6N and BALB/cA. respectively.
Note that only embryonal tissue was analyzed in this table. In the 3 chimeras of strain combination C3H/HeN x C57BLJ6N where genotype ratio was
greatly shifted to the C55BU6N. extraembryonal ectoplacental cone was found uniformly CSA positive.

- - --



"
,\
..

" . .-. ..
.. ~.
.. ",', ~.. . ;

'.. :'C.
~;

, ..

648 P.DI'oraket of.

r
"I

.-ft,
'II' (ff

.

, .
",'" "....

'""

~o"'"
~ ~

.'11
". I,; ,.

. r
~... J.
t~

... ....

It ~ ' .

~. "... .
1

..'
r.,' ". .,..

. . "!t..
I

A .
~.

't.'. .,..
It ~J

~.\
';"
~ ..."r

r.

I
I

t-
':'.., ~

I ~
€) )

e
\'

z) i

Fig. 2. Immunoperoxidase staining of a C3H/HeN x C57Bl/6N chimera at the late primitive streak stage. CD-1 foster mother. Saggital sec-
tion. IAI CSA positive cells (arrowhead) are located along the visceral embryonal endoderm. tn this case. the ecroplacental cone was positive. Note
that CD-1 used as foster mother is a CSA positive crossbreed. IS} Detailof nons rainedembryonal mesoderm (asterisk'. extraembryonal endodermal
(e) and mesodermal fm) components of visceral yolk sac and positively stained allantois (a) of the same mouse straincombination.Positivecells
(C3H/HeNJ loeared only in rhe allantois and negarive celts (C57BL/6NJ are clearly disringuishabfe.

sented only a minor population in embryonal tissues, extraem-
bryonal ectoplacental cone was found to be uniformly posi
tive (Fig. 3).

In contrast, the second combination of aggregation chimeras
- C3H/HeN x BALB/cA clearly showed reduced numbers of
BALB/cA cells (CSA negative). In all cases, the estimated con-
tribution of C3H/HeN cells was higher than those of BALB/cA
and no exceptions were observed (Fig. 4A). Also contrary to the
first strain combination, cells of both genotypes were intermin-
gled in the majority of embryonal and extraembryonal tissues,
even though the total number of the C3H/HeN cells was demon-
strably higher (Fig. 4B,C).

In addition, implantation sites containing embryos at differing
levels of degeneration showed/common symptoms of an
immunological reaction, such as infiltration by leukocytes (Fig.
5A,B). There was no noticeable tendency to reject the particular
strain combination (see Table 2). Also, the ratio of rejected and
normal embryos in the CD-1 and (BALB/cA x C57BU6N) F1 fos-
ter mothers was similar, although transplantation into F1 foster
mothers generally resulted in lower numbers of implantation
sites relative to the total number of embryos transferred. In CD-
1,47.7% of transferred embryos were implanted, whereas only
17.5% of all transferred chimeras were implanted into

(BALB/cAxC57BU6N) F1 pseudopregnant females (see Table
2).

Taken together, these data indicate that cell ratios in aggre-
gation chimeras are initially almost equal and both genotypes
are randomly distributed, but that later on, after implantation into
the uterus of the foster mother, the relative proportions of differ-
ent strain derived cells changes dramatically. This haplotype
selection is most probably strain combination-specific and the
important roJe of the pseudo-mother's immune system cannot be
excluded.

Discussion

The aim of our study was to investigate: i) whether any notice-
able tendencies can be seen in cell ratios and cell distribution
patterns during the pre- and post-implantation development of
aggregation chimeras; ii) whether repeatable cell mixing patterns
exisllnJhe two different H-2 haplotype combinations at the blas-
tocyst ar1CJ'primitive streak stages. For this purpose two devel-
opmental stages - expanded blastocysts prior to transplantation
and late primitive streak fetuses, as well as two different inbred
mouse strain combinations, were examined using a strain-spe-
cific marker.



Fig. 3. Immunoperoxidase staining of a C3H/HeN x C57BL/6N
chimera at the late primitive streak stage. Co.7 foster mother is CSA
positive. Saggital section. Positive C3H cells are sporadically distributed
over the embryonal ectoderm (e) and in the mesodermal component of
ammon (a) but the extraembryonal ecroplacental cone is uniformly posi.
tive (arrowhead).

Previous chimeric studies have shown that intensive cell mix-
ing in C3H/HeN x BALB/cA aggregation chimeras occurs early in
development - before day 7.5 p.c. (Yoshiki et al., 1993), but no
comparative study combining two developmental stages - pre-
and post-implantation and the possible role of different H-2 hap-
lotype combinations, has been published.

The immunohistochemical detection of the CSA cell marker
allows direct in situ localization of individual positive cells and
thus offers an ideal system for such studies (Dvorak et al., 1995).
We have shown that dramatic changes of the cell ratio in aggre.
gation chimeras, depending on the mouse strain used, occur
during the days following transplantation into foster mothers.
Because no considerable developmental retardation of any
mouse strains used in this study was observed in vitro until the
expanded blastocyst stage, we hypothesize that pseudo mater-
nal - fetal immune interactions after transplantation are involved
in subsequent cell ratio changes.

In addition, we have demonstrated relatively high differences
between total numbers of embryos implanted and the number of
normally developed embryos at 7.5 days p,c. Also, well implant-

ed but subsequently degenerated embryos showed an
advanced state of "rejection" at day 7.5. Thus, one can conclude
that certain developmental blocks exist depending on specific
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immune interactions between the aggregation chimera graft and
the host foster mother. It is not clear whether the mechanisms of
cell selection or rejection of already implanted embryos could be
directly initiated by MHC class I antigens expressed on the
embryonal graft or on the maternal trophoblast (Drezen et a/.,
1994) because functionality of surface H-2 molecules in the
mouse placenta remains hypothetical. This means that the pres-
ence of MHC class I antigen-specific antibodies in pregnant
females of most mammalian species has been described, H-2
antigens on preimplantation mouse embryos can be induced in
vitro (Warner et al., 1993), but no cellular immune response
responsible for tissue rejection has been documented. On the
other hand, cytotoxic T lymphocytes were found in some non-
lymphoid tissues including the placenta of CBA x DBA/2 mice,

which exhibit high rates of spontaneous abortion. Spontaneous
fetal rejection in this specific strain combination can be reduced
by immunization with allogeneic splenocytes (Chaouat el al.,
1985). Similarly, fetal growth and survival was affected either
positively or negatively by different cytokines (Chaouat et al.,
1990). Finally, Wood (1994) suggested that successful survival
of partially MHC incompatible fetuses is mainly caused by
restricted antigen presentation, which prevents generation of cell
mediated immunity. Unfortunately, in our case it remains unclear
what could be the primary signal in the observed phenomenon
of "implanted embryonal graft rejection" and resorption. There
are at least two possibilities. It may be due to overstimulation of
the foster mother's non-adapted immune system by fully healthy
and normally developed embryos expressing embryonal H-2
antigens, or by already developmentally damaged conceptuses,
which can act as real antigens.

We cannot exclude further organ-specific changes of cell ratio
later during development after day 7.5, as Musci and Mullen
(1992) have described variations in the spinal cord of BALB/c x

C3H/HeN aggregation chimeras developed to term containing
from 6 to 90% of BALB/c cells. This is contrary to our results
using the same genotype combination, where the contribution of
BALB/cA cells seems to be restricted in all day 7.5 chimeras
examined.

Nevertheless, on the basis of our observations we can con-
clude that the very important period for cell mixing in aggregation
chimeras and for survival of the embryonal graft is 3 days fol-
lowing successful implantation.

In conclusion we propose that the lack of natural uterine envi-
ronmental modulations in foster mothers and possible immune
modulation of chimeric conceptuses by in vitro culture conditions
prior to transplantation, together with the specific combination of

H-2 haplotypes, can affect survival or resulting cell ratios in the
mouse aggregation chimeras.

Materials and Methods

Mice
Three H-2 incompatible strains were used to study genotypic interac-

tions during early development. The strain combinatory pattern was as
follows: C3H1HeN (haplotype H-2 CSA positive) aggregated with
C57BU6N (haplotype H-2b. CSA negative) andlor BALBlcA (haplotype
H-2d, CSA negative). In order to obtain embryos. 5-week-old hormonal-
ly untreated females were caged with males of the same strain overnight
and checked for vaginal plugs the following morning. This day was
counted as day 0 of development. CD-1 (CSA positive outbred) and/or
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Fig. 4. Immunoperoxidase staining of a C3H/HeN x BAlB/cA
chimeras. Late primitive streak stage. Saggital section. (A) Both
genotypes are intermingled in alt embryonal as well as extraembryonal
tissues. Note that BALB/cA cells (CSA negative) are very restricted in
distribution. CO-1 was used as foster mother. (B) Detail of the extraem-
bryonal/ayers of the same strain combination of chimera transplanted
into a CSA negative (BALB!cA x C57BU6N) Fl foster mother.
Extraembryonal ectodermal (e) component of chorion is almost nega-
tive, mesodermal (m) component of chorion is sporadically stained.
while extraembryonal endoderm is nearly completely positive (arrow-
head). IC)Detailof the embryonal components of a C3HIHeNx BALB/CA
chimera. In this case {BALB/CA x C57BL/6N} F1 was also used as foster
mother. Cells of both genotypes are intermingled in allembryonal layers
~ ectodermal (e), mesodermal (m) and end oderm aI {arrowhead}, howev-
er C3H genotype is dominant.
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Fig. 5. Decidual tissue with a "rejected" C3H/HeN x C57BL/6N (AI and C3H/HeN x BALB/cA IB) embryo at day 7.5 of gestation. Borh mouse
strain combinations were transplanted into a CD-' foster mother. The concentration of leukocytes is high around the site of implantation. Stained by
hematoxylin and eosin.

(BALB/cA x C57BU6N) F1 mice were used as foster mothers for studies
of embryo-maternal interactions. Mice were maintained in the pathogen
free animal facility al the Institute of Physical and Chemical Research.
RIKEN, under a constant light-dark cycle (12 h light, 12 h dark) and a
standarddiet.

Specificity of the antl.CSA ant/body
Preparation of mouse hybridoma cell lines secreting antibody against

the mitochondrial protein CSA has been reported previously (Kusakabe
et al., 1988). This monoclonal antibody recognizes an antigenic epitope
which is controlled by the CSA gene region containing a single base sub.
stitution (Michikawa et af., 1993). Of all inbred mouse strains used for
aggregation, only the C3H1HeN strain has this point mutation yielding a

detectable CSA.

Aggregation chimeras and embryo.transfer
8-cell embryos were recovered by flushing of oviducts on day 2 of

development. The zona pellucida was removed by pronase digestion
(Boehringer Manheim) diluted in M 2 medium. Only morphologically

equivalent embryos were selected for aggregation. Pairs of zona-free
embryos, one of each genotype. were aggregated in drops of previously
equilibrated M 16 medium and cultured overnight. For optimal cell to cell
contact, aggregates were placed into previously prepared microholes.
Alternatively, an aggregation technique using phytohernagglutinin-P (5

~Vml of M 2 media, Difeo, Detroit, MI, USA) was used. After overnight cul-
ture, all drops containing aggregates were carefully examined for the
presence of degenerated or free blastomeres and some of the embryos

that had developed correctly into single blastocysts were used for trans-

fer experiments. Usually, 8-10 aggregates of one strain combination were
transferred into the right uterine horn and same number of the second
combination of chimeras into the left uterine horn. Day 2 p.c. pseudcr
pregnant recipients were used. Remaining non.transferred blastocysts

were fixed and stained by anti.CSA antibody for cell mixing analysis at the
blastocyst stage. CSA negative control aggregates were produced by
combination of embryos of same H.2 haplotype, C578U6N or BAL8IcA.

Fixation and staining of chimeras
Two protocols were used for fixation of blastocysts and 7.5 day-old

embryos, respectively. Blastocysts were fixed 1 h in ice cold 95% ethanol
containing 1% acetic acid, post.fixed 30 min in ice cold ethanol and rehy.
drated slowly (95%, 90%. 80%, 70% and 50% ethanol, followed by dis-
tilled water and PBS; each for 5 min).

The protocol described in detail by Yoshiki at al. (1993) was carried
out for fixation of 7.5-day.old chimeras. Briefly, pregnant recipients were
sacrificed and their uterine horns were rapidly dissected into PBS, then
transferred to 0.1 M Na.phosphate buffer (pH 7.4) and pre-fixed 20 min
by microwave irradiation (Bio-Rad H 2500 microwave processor). Pre-

fixed embryos with uterus and decidual swelling were fixed overnight at

4°C in 95% ethanol, 1% acetic acid, dehydrated by ethanol and embed.
ded individually in polyester wax. 4 ~m thick sections were cut and
mounted on egg white coated slides. A total of 50-100 slides were pre-
pared from each chimera, 5-10 representative saggital sections were
selected by hematoxylin/eosin staining of every 10th slide, dewaxed and

rehydrated before processing for immunocytochemistry.

For immunostaining of entire b1astocysts, embryos were pre-treated
1 h in PBS containing 5% normal goat sera (NGS), 1% BSA and incu-
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bated overnight in anti-CSA antibody. After washing in PBS, the blasto-
cysts were incubated 1 h in goat anti-mouse IgG(H+L)-FITC-conjugated

second antibody (Zymed, Burlingame, CA, USA) and transferred to the
fluorescence preventing mounting fluid (DifcQ, Detroit, MI, USA).

Immunostaining of sections was carried out according to Yoshiki et al.
(1993). Briefly, non-specific endogenous peroxidase activity was inacti-

vated in methanol containing H,pz and sodium azide and slides were
subsequently incubated in avidin 0 and biotin blocking solutions (Vector,
Burlingame, CA, USA). Sections were then incubated overnight in
biotinylated anti-CSA antibody, washed and incubated with peroxidase-
conjugated avidin (Zymed, Burlingame, CA, USA). The peroxidase sub-

strate solution used was 0.05 M Tris-HCI containing 0.27 mg/ml 3,-
3'diaminobenzidine (Dojin, Kumamoto, Japan) and 0.0088% H202. The
enzymatic reaction was enhanced by silver/gold, slides were counter-
stained with hematoxylin and eosin and mounted in Malinol (Muto Pure
Chemical, Tokyo, Japan). Sections were examined and photographed
using a Nikon Microphot-FXA light microscope.
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