J. Anat. (2004) 205, pp25-33

The appearance and distribution of mature T and B cells in
the developing immune tissues of the stripe-faced

dunnart (Sminthopsis macroura)
J. M. Old," L. Selwood? and E. M. Deane'

'Division of Environmental and Life Sciences, Macquarie University, Australia
’Department of Zoology, University of Melbourne, Australia

Abstract

This paper describes the initial appearance and distribution of mature T and B cells in the developing immune tis-
sues of the stripe-faced dunnart (Sminthopsis macroura) based on the use of species cross-reactive antibodies to
the lymphocyte cell surface markers CD3, CD5 and CD79b. At birth no mature T or B cells were detected in the liver
or bone marrow using anti-CD3, anti-CD5 or anti-CD79b antibodies. T cells were detected in the thymus with anti-
CD3 by day 12 and anti-CD5 by day 50 postpartum, and T cells in the spleen were detected by day 43 and day 80
postpartum using anti-CD3 and anti-CD5, respectively. B cells were observed in the dunnart spleen by 43 days after
birth. CD3- and CD79b-positive cells were detected in the lymph nodes by 50 days and CD5 by day 15 after birth,
and in the gut-associated lymphoid tissues by day 50 and anti-CD5 by day 57 postpartum. The development and
distribution of T and B cells in the immune tissues of dunnart pouch young is similar to that described in other mar-
supial species. Low numbers or absence of mature lymphocytes in immune tissues of early pouch young dunnarts
further support the proposition that young marsupials are reliant on non-specific defence strategies and/or mater-
nal strategies for a significant period of their time of development in the pouch.
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Introduction

The stripe-faced dunnart (Sminthopsis macroura) is a
Dasyurid. It is a widespread inhabitant of inland central
and northern Australia (Dickman & Read, 1992).
Although little is known about this marsupial in the
wild (Cronin, 1996), observations of captive popula-
tions have confirmed that it is nocturnal and feeds on
invertebrate prey (Godfrey, 1969). Captive populations
of this animal have been used in studies of develop-
mental biology (Selwood & Woolley, 1991; Selwood &
Hickford, 1999) and, more recently, immunology (Old
et al. 2003a,b, 2004).

In contrast to Eutherians, Metatherians (marsupials)
develop for the last two-thirds of organogenesis in a
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non-sterile external pouch environment (Old & Deane,
2000) and this characteristic makes them unique and
readily accessible for developmental studies, particularly
of the immune tissues. In addition, the high fecundity
of the dunnart and their availability in captive popula-
tions makes this Australian native mammal an ideal
animal for studying the ontogeny of immune tissues.
Using histological techniques, we previously docu-
mented the development of the immune tissues of the
stripe-faced dunnart (Old et al. 2003a, 2004). These
studies indicate that the pattern of development is sim-
ilar to that observed in other marsupials (Old & Deane,
2000). This study describes the use of these antibodies
to determine the initial time of appearance of mature
T and B cells and, in addition, the distribution of these
cells in the developing immune tissues of the stripe-
faced dunnart. To date, a limited number of antibodies
are available that cross-react with marsupial tissues.
Anti-CD3 and anti-CD5 recognize the surface markers
of T cells and anti-CD79b recognizes B cells (Hemsley &
Canfield, 2000). This is the first study to describe the
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capacity of these antibodies to recognize cell-surface
markers in a Dasyurid, and a second Australian Polypro-
todont. This study adds to the growing body of infor-
mation on the maturation of immune tissues in this
unique group of mammals.

Materials and methods

Samples of liver, bone marrow, thymus, spleen, lymph
nodes, intestine and lung were collected opportunisti-
cally from a laboratory colony of stripe-faced dunnarts.
The colony was established and maintained by L.S.
under permits from the Department of Sustainability
and Environment, Victoria. The Australian National
Health and Medical Research Council Guidelines for the
care and use of animals in research were followed in
this study. Samples were obtained from animals of
known ages, from 2 days to adulthood. In total, six liver
[4, 12 (x3), 43 and 50 days postpartum (dpp)], four
bone marrow (12, 15, 40 and 50 dpp), seven thymus [12
(x2), 15, 43, 50 dpp, a juvenile (80 dpp) and an adult],
six spleen (15, 43, 50 and 60 dpp, 2.5 months and an
adult), four lymph node (15 and 50 dpp, 2.5 months
postpartum and an adult), nine intestinal (2, 4, 12, 15,
40, 43, 50, 57 dpp and 2.5 months postpartum) and
nine lung samples [12 (x2), 15, 40, 43, 50 and 57 dpp,
2.5 months and an adult] were assessed.

Whole bodies were freshly preserved in 10% neutral
buffered formalin. Some whole bodies were stored for
afew days, and others were preserved for several years.
Tissues were dissected from whole preserved bodies
and processed in graded alcohols and xylene, and then
embedded in paraffin wax. All wax sections were cut at
4 um. Immunohistochemistry was conducted using a
Streptavidin-biotin kit as described previously (Old &
Deane, 2002a). In addition, an avidin/biotin blocking
step was also used to decrease background staining
due to endogenous biotin in liver and intestinal sam-
ples as described previously (Old & Deane, 2003). All
slides were viewed using a Leica DMR DAS light micro-
scope and Zeiss Axiovision software.

The antibodies used in this study have been shown to
work consistently on a range of other metatherian
immune tissues (Hemsley & Canfield, 2000) and included
polyclonal anti-CD3 (DAKO Corp., Carpinteria, Califor-
nia, USA) and monoclonal anti-CD3 (Jones et al. 1993),
anti-CD5 (Jones et al. 1993) and anti-CD79b (Jones et al.
1993). Anti-CD5 and anti-CD79b were kindly donated
by Dr Margaret Jones of the Immunodiagnostic Unit,

Radcliffe Hospital, Oxford. The dilutions used for
monoclonal anti-CD3 were 1:10 and 1:50, polyclonal
anti-CD3 1:500 and 1:1000, anti-CD5 1:50 and 1:100,
and anti-CD79b 1:50 and 1:100 as these were shown to
work consistently in this and other metatherian species
(Old & Deane, 2001, 2002a,b).

A minimum of four sections for each tissue were
tested with each antibody with the exception of some
lymph node and spleen samples. Primary and second-
ary negative antibody controls were included with all
tests for all sections at the same time and was similar to
that described previously (Old & Deane, 2003). In some
cases, positive control juvenile tammar wallaby lymph
node samples were run in parallel to confirm negative
findings.

Results
Liver

Liver samples from six stripe-faced dunnarts [4, 12 (x3),
43 and 50 dpp] were tested using specific antibodies to
determine if any lymphocytes expressing surface markers
of mature T and B cells were present. Samples from
animals older than 50 days were not examined as these
had achieved an adult structure (Old et al. 2004) and
were therefore not haematopoietic. No staining was
observed in any of the liver samples tested (data not
shown).

Bone marrow

Immunohistochemistry was conducted on four bone
marrow samples from animals aged 12, 15, 40 and
50 dpp. Histological staining of these samples had
revealed large numbers of haematopoietic cells; how-
ever, anti-CD3, anti-CD5 and anti-CD79b failed to recog-
nize any cells in these samples (data not shown).

Samples from animals older than 50 days were not
examined as these had achieved an adult structure
with only small numbers of lymphocyte-like cells
observed (Old et al. 2003a, 2004).

Thymus

Seven stripe-faced dunnart thoracic thymus samples
were collected from animals aged 12 (x2), 15, 43 and
50 dpp as well as a juvenile (aged 80 days) and an
adult.
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Fig. 1 Thymus sample from a 6.5- to 7-month-old dunnart
showing lymphocytes stained with anti-CD3. Lymphocytes
(arrow) are mainly stained throughout the medullary (M)
areas, but a few are stained in the cortical (C) regions. Scale
bar, 200 um.

The majority of cells detected in all the thymus sam-
ples investigated were defined as T cells with CD3* cells
first observed in 12-day-old individuals (data not
shown). No CD5 or CD79b positively stained cells were
observed at this age (data not shown). CD3* cells were
detected in all older samples. CD5* cells were first
observed on day 50 but were not present in 43-day-old
individuals (data not shown).

CD3* T cells were present initially only in the medulla
but as the animals matured, stained cells appeared in
both the cortex and the medulla. Older samples had
more T cells stained in the inner cortical areas rather
than the medulla.

In juveniles and adults, where defined cortical and
medullary regions were still observed, anti-CD3 and
anti-CD5 (Fig. 1) stained most cells within the medul-
lary regions with only a few scattered cells stained in
the cortical regions. In adult thymus samples, where
involution had started to occur, scattered CD3* and
CD5* cells remained. By contrast, extremely rare
CD79b* cells were detected in some thymus samples
(data not shown).

All negative controls were unstained (data not
shown).

Spleen

Samples were obtained from animals aged 15, 43, 50
and 60 dpp, a juvenile (2.5 months) and an adult sam-
ple. The extremely small size of some of the pouch
young samples and the essential inclusion of negative
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Fig. 2 Spleen sample from an adult dunnart stained with anti-
CD3 showing positively stained cells (arrow) scattered through
the white pulp (WP). The periarterial lymphatic sheath (PALS)
in the white pulp area and the red pulp (RP) are also apparent.
Scale bar, 100 um.

control slides reduced the number of samples available
for testing. Some spleen samples were also extremely
friable.

CD3* lymphocytes were not detected in samples from
animals aged 15 days, but were present in a sample
from a 43-day-old animal (data not shown). CD3* lym-
phocytes were observed in all older samples tested. In
animals aged from 43 days with defined red and white
pulp areas, CD3* cells were detected in the white pulp
(Fig. 2). A similar distribution of cells was observed,
using anti-CD5 in the spleen samples. However, in con-
trast to anti-CD3 staining, the youngest sample tested
that stained positive for CD5 was aged 2.5 months
(data not shown). No CD5" cells were detected in a 60-
day-old dunnart spleen however; this may have been
due to the extreme friability of the tissue (data not
shown).

CD79b* cells were detected in samples from dunnarts
aged 43 and 50 days, but not in dunnarts aged 60 days
and 2.5 months, and were again present in all samples
from older animals (data not shown). Anti-CD79b
stained a few cells in the red pulp areas, the mantles of
secondary follicles and some in the marginal zone sep-
arating the red and white pulp area in adult samples
(data not shown).

Lymph nodes

Owing to the small size of the lymph nodes in the
stripe-faced dunnarts it was extremely difficult to
locate them macroscopically. Often they were located

27
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Fig. 3 (a) A 2.5-month-old lymph node is essentially mature in
histological appearance, having a well-defined medulla (M)
and cortex (C) within the capsule (Cp). Follicles (F) are
prominent. Anti-CD5 heavily stains the cortical areas, with a
few scattered lymphocytes stained in the medullary cords and
sinuses. Scale bar, 100 um. (b) Anti-CD79b stained the follicles
(F) in lymph node sample from a 2.5-month-old dunnart. Note
the well-defined medulla (M) and cortex (C). Scale bar,

100 pum.

only after staining and sectioning in association with
other organs being investigated, such as the gut and
liver. They were usually found surrounded by large
amounts of adipose tissue. Only four lymph node sam-
ples were tested for the presence of CD3, CD5 and
CD79b. One 15-day-old lymph node sample had CD5*
cells (data not shown); however, due to the small
amount of available tissue it could not be tested for the
presence of CD3 and CD79b.

CD3*, CD5* and CD79b* cells were detected in a
lymph node from a 50-day-old dunnart (data not
shown) as well as juvenile and adult lymph nodes. A
2.5-month-old lymph node stained with anti-CD3 and
anti-CD5 (Fig. 3a) stained lymphocytes mainly in the
cortex as well as rare lymphocytes at the periphery of

Fig. 4 Anti-CD79b clearly stained lymphocytes (arrows) in
a 57-day-old gut sample. These areas in the submucosa
resembled follicles (F). Interfollicular zones (I) and villi (V)
were not stained. Scale bar, 100 pm.

germinal centres and in the medullary cords and
sinuses. No stained lymphocytes were observed in the
mantle of the secondary follicle with anti-CD3 or anti-
CD5, whereas with anti-CD79b scattered lymphocytes
were stained in the mantle of secondary follicles
(Fig. 3b) as well as in the medulla. The adult lymph
node was stained similarly to the juvenile lymph node
(data not shown).

All negative controls were unstained (data not shown).

Gut-associated lymphoid tissues

Adequate tissue was available to examine the gut for
the presence of CD3, CD5 and CD79b positively stained
lymphocytes. Nine whole gut samples from animals of
different ages were tested (2, 4, 12, 15, 40, 43, 50,
57 days and 2.5 months postpartum). Samples from
animals aged 2 and 4 days showed background stain-
ing (data not shown) despite the use of the avidin/
biotin blocking step. No samples from animals aged
12-43 days after birth stained positive using anti-CD3,
anti-CD5 or anti-CD79b (data not shown). A gut sample
from an animal aged 50 days was the youngest to have
CD3* and CD79b* cells (data not shown). CD5* cells
were not observed in the gut until day 57 (data not
shown). CD79b* cells were heavily stained in primary
follicles (Fig. 4) observed in a gut sample from an ani-
mal aged 57 dpp.

In a juvenile stripe-faced dunnart sample, anti-CD3
stained lymphocytes throughout the villi and in the
submucosa heavily stained the interfollicular areas
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(data not shown). Anti-CD5 stained lymphocytes
throughout the villi but these were much reduced in
numbers compared with the numbers stained with
anti-CD3 (data not shown). Anti-CD5 also heavily
stained the interfollicular areas (data not shown). Anti-
CD79b stained lymphocytes throughout the primary
follicles and in the mantles of secondary follicles.
Extremely rare CD79b* lymphocytes were observed in
the villi (data not shown).

No stained cells were observed in any of the negative
control samples (data not shown).

Bronchus-associated lymphoid tissue (BALT)

Nine lung samples from pouch young (12, 12, 15, 40, 43,
50 and 57 dpp), a juvenile and an adult were investig-
ated using immunohistochemistry. Some positively
stained cells were observed specifically in the blood
vessels of lungs in some of the sections (data not
shown). One sample from an animal aged 57 days had
a small amount of BALT and CD3* cells were present
(data not shown).

Only a random scattering of cells stained in the lungs
of the juvenile and adult stripe-faced dunnart using
anti-CD3 (Fig. 5a) and anti-CD5 (Fig. 5b). Both stained a
similar number of cells in similar locations. However,
anti-CD79b stained cells in different areas, despite
there being no defined regions visible using histo-
logical techniques. One area in an adult dunnart BALT
sample stained a small accumulation of lymphocytes
(Fig. 5¢). This may have been an early primary follicle.

Discussion

This study has documented the appearance of mature
lymphocyte populations in the immune tissues of the
stripe-faced dunnart. The key milestones in this devel-
opment are summarized in Table 1. The timing and
pattern of development are consistent with what has
been reported for other Metatherians (Table 2).

In all metatherians studied, including the dunnart,
the liver is initially an important site for haematopoie-
sis (Block, 1964; Basden et al. 1996; Cisternas & Armati,
1999; Old et al. 2004). No mature T or B cells were
detected in any of the dunnart liver or bone marrow
samples and is similar to findings for the tammar wallaby
(Macropus eugenii), a macropod (Old & Deane, 2003).

The marsupial thymus has been presumed to func-
tion in a similar way to the eutherian thymus and
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Fig. 5 (a) This adult dunnart BALT sample has lymphocytes
stained (arrows) with anti-CD3 throughout. Note the lack of
secondary follicles. Scale bar, 100 um. (b) Anti-CD5 stained
lymphocytes (arrows) throughout this adult dunnart BALT
sample. Scale bar, 100 um. (c) A high-magpnification view of an
adult dunnart BALT sample stained showing CD79b* stained
cells (arrow). Scale bar, 20 um.

probably acts as a T cell development area; this is based
on the large number of T cells stained and the distribu-
tion of unstained immature lymphocytes (thymocytes)
maturing (expressing CD3 and CD5) in the cortex and
moving to the medulla as observed in eutherians
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Lymphocytes initially stained in stripe-faced dunnart

Table 1 Age at which specific
lymphocyte populations were initially

detected in the immune tissues of the

Tissue Cb3” b5 CD79b* stripe-faced dunnart
Liver NS (4 days) NS (4 days) NS (4 days)

Bone marrow NS (12 days) NS (12 days) NS (12 days)

Thymus 12 days (12 days) 50 days (12 days) Adult (12 days)

Spleen 43 days (15 days) 2.5 months (60 days) 43 days (43 days)

Lymph nodes
GALT
BALT

50 days (50 days)
50 days (12 days)
57 days (57 days)

15 days (15 days)
57 days (12 days)
Juvenile (57 days)

50 days (50 days)
50 days (12 days)
Juvenile (57 days)

NS, no staining at any age.
Age given in parentheses indicates youngest sample tested, with the exception of the age

given for BALT that does not include the younger lung only samples.

Table 2 Summary of the age at which specific lymphocyte populations were initially detected in the immune tissues of marsupials

Lymphocytes initially stained in stripe-faced dunnart

Tissue Species CD3* CD5* CD79b* Reference
Liver Stripe-faced dunnart NS NS NS this study
Tammar wallaby NS NS NS Old & Deane (2003)
Bone marrow Stripe-faced dunnart NS NS NS this study
Tammar wallaby NS NS NS Old & Deane (2003)
Thymus White bellied opossum* 14 mm CRL NA NA Coutinho et al. (1995)
Stripe-faced dunnart by 12 days by 50 days rare this study
Brushtail possum day 2 NA NA Baker et al. (1999)
Tammar wallaby by day 12 by day 12 by day 23 (rare) Old & Deane (2003)
Spleen White bellied opossum* 80 mm CRL NA weanling Coutinho et al. (1995)
Stripe-faced dunnart by 43 days by 2'/, months by 43 days this study
Brushtail possum by day 25 NA NA Baker et al. (1999)
Tammar wallaby by day 21 by day 30 by day 21 Old & Deane (2003)
Lymph nodes White bellied opossum* 75 mm CRL NA weanling Coutinho et al. (1995)
Stripe-faced dunnart by 50 days by 15 days by 50 days this study
Tammar wallaby by day 24 by day 24 by day 35 Old & Deane (2003)
GALT Stripe-faced dunnart by 50 days by 57 days by 50 days this study
White bellied opossum* 24 mm CRL NA > 60 mm CRL Coutinho et al. (1994)
Brushtail possum from day 2 NA NA Baker et al. (1999)
Tammar wallaby day 12 (rare) day 74 (rare) day 7 (rare) Old & Deane (2003)
BALT Stripe-faced dunnart juvenile juvenile juvenile this study
Tammar wallaby no BALT no BALT no BALT Old & Deane (2003)

NS, no staining at any age; NA, not attempted; CRL, crown-rump length.
*Growth charts have not been constructed for this species (Didelphis albiventris).

including humans (von Gaudecker, 1991). In the study
of the stripe-faced dunnart, mature T cells were ini-
tially detected in the medulla of the thymus, but as the
thymus matured T cell areas were identified in the
medulla and cortico-medullary junction. The distribu-
tion of mature T cells in the thymus was similar, and fol-
lows a similar developmental pattern, to that observed
in other metatherian species (Canfield et al. 1996; Old
& Deane, 2002a) (Table 2).

Mature B cells were extremely rare or absent in thy-
mus samples from animals of all ages. Large numbers of
B cells were not expected and the distribution and
abundance of B cells in the thymus of the dunnart was
similar to that for the tammar wallaby (Old & Deane,
2003) as well as other marsupials (Canfield et al. 1996;
Baker et al. 1999; Cisternas & Armati, 2000).

A failure to stain immature lymphocytes in the thy-
mus may also indicate that the lymphocytes observed
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in the bone marrow are also not yet mature and there-
fore not expressing the CD79b marker. At present,
however, there are no antibodies available that can
recognize the early lymphocyte markers of marsupials.

Because of the fragility and size of the spleen in
younger animals, the numbers of sections available for
study was extremely low and resulted in only a few
immunohistochemical tests being performed on this
tissue. A lack of staining in the spleen sections at some
ages is presumably due to poor tissue quality rather
than an absence of expression, although further sam-
ples are required to confirm this. Further studies are
therefore required to provide a more accurate picture
of when mature lymphocytes first appear in the spleen
of the stripe-faced dunnart.

The appearance of the mature spleen resembled that
reported for other adult marsupials (Hemsley et al.
1995; Baker et al. 1999; Cisternas & Armati, 2000; Old &
Deane, 2001) with T cells mostly stained in the white
pulp areas and some in the outer germinal centres,
whereas B cells were observed mainly in the mantle
of follicles and some in the red pulp areas. T cells pre-
sent in the outer germinal centre may be T helper
cells (Poppema et al. 1981) as is the case in eutherians,
although further studies are required to confirm the
existence of T helper cells in marsupials.

Lymph nodes have been hard to locate in several
metatherian species (Poskitt et al. 1984; Basden et al.
1996). Despite this, the histological and immunohisto-
logical appearance of the dunnart lymph nodes inves-
tigated in this study were similar to other reports on
marsupial lymph nodes (Hanger & Heath, 1994; Hemsley
et al. 1995, 1996; Baker et al. 1999; Cisternas & Armati,
1999). Further samples are required to provide more
information regarding the initial appearance of lympho-
cytes in the lymph nodes of the stripe-faced dunnart
but these results suggest that the lymph nodes may
mature earlier than the spleen and GALT.

Histologically the GALT were the last lymphoid tis-
sues to mature fully in the stripe-faced dunnart (Old
et al. 2003a) as in other metatherian species (Coutinho
et al. 1994; Basden et al. 1997; Baker et al. 1999). One
similarity observed in metatherian and eutherian GALT
was the presence of a large number of mature T cells
among the villi (Old & Deane, 2001, 2002b). The stripe-
faced dunnart had more CD3-than CD5-expressing T cells
among the villi. The large number of mature T cells
observed among the villi suggests that the T cells present
may be T helper cells because large numbers of T helper
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cells (recognized by specific eutherian T helper cell anti-
bodies) are observed among the villi in the eutherian
gut (Poppema et al. 1981); more specific markers are
required to confirm this in metatherians as to date no
T or B cell subsets have been identified, only implied.

Anti-CD79b stained extremely rare cells throughout
the villi at all ages and may suggest mature B cells are not
present in the gut (other than in follicles) or unable to be
recognized by the antibodies used in this study, pre-
sumably due to a lack of expression of the CD79b antigen.

Only older stripe-faced dunnart gut samples had
Peyer's patches with germinal centres and follicles
apparent. Immunohistochemistry revealed that the fol-
licular mantles of the secondary follicles were rich in
CD79b-expressing B cells. This is in contrast to the find-
ings for the tammar wallaby, which lacked follicles
(Basden et al. 1997), but was similar to the observations
in other metatherians studied to date (Hemsley et al.
1996). In the dunnart gut, interfollicular areas were
heavily stained using anti-CD3 and anti-CD5.

When lymphocytes were first stained in the GALT, it
was between the time of first teat release (40 days) and
the time of weaning (70 days). This may suggest that
a response to an increase in antigen load, via the
gastrointestinal tract, stimulates GALT development.
Changes in the milk composition observed in the brush-
tail possum (Adamski & Demmer, 1999) presumably
also occur in the dunnart, and may also be a contribut-
ing factor to the change in gut tissues, or perhaps the
development of the gut is reliant on the development
or partial maturation of some of the other lymphoid
tissues.

A few studies have described the histological appear-
ance of metatherian lungs (Gemmel, 1986; Gemmell &
Little, 1982; Gemmell & Selwood, 1994) but no studies
have mentioned BALT until recently (Old et al. 20033;
Young et al. 2003). BALT in the stripe-faced dunnart
was only found in juvenile and adult animals with the
exception of one 57-day-old animal (Old et al. 2003a).
Immunohistochemistry provided further information
about the compartmentalization of BALT in the
dunnart. There were no secondary follicles identified in
any of the BALT samples despite clearly identified
secondary follicles (mantles and germinal centres) in
the spleen, lymph node and GALT samples. Some
aggregations in the BALT consisted largely of T cells,
whereas others were largely B cells. A larger number
of BALT samples is required to confirm the compart-
mentalization that appears in these samples.
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There is considerable variability in the reported
presence of BALT in eutherian species; in some this
appears to be dependent on antigenic challenge (Pabst
& Gehrke, 1990). In healthy tammar wallabies of all
ages no BALT has been located (Old & Deane, 2003) but
its presence cannot be ruled out because tissues from
unhealthy tammar wallabies were not investigated.
BALT has been located in adult rufous hare-wallaby
(Lagorchestes hirsutus); however, it is not known whe-
ther the appearance of BALT occurs in all rufous hare-
wallabies or if it was due to antigenic challenge (Young
et al. 2003). In the dunnarts, it is not known if BALT in
adult animals was observed due to antigenic challenge
or if it only occurs in some animals at adulthood.

This is the first study to describe the development of
the immune tissues in a Dasyurid using antibodies to
CD3, CD5 and CD79b. This study was, however, limited
by the amount of suitable tissue and has therefore lim-
ited the conclusions that can be made. Despite this, the
lymphoid and immunohaematopoietic tissues of the
stripe-faced dunnart develop in a similar pattern to
that observed histologically (Old et al. 2003a,b, 2004)
and was comparable with other metatherian species
(Coutinho et al. 1995; Baker et al. 1999; Cisternas &
Armati, 2000), although this study provides some more
specific details on the timing of maturation. The young
stripe-faced dunnart has no mature T and B cells at the
time of birth (Table 1), although T cells were present in
the thymus and lymph nodes in the earliest samples
tested (day 12 and day 15, respectively), and no mature
T and B cells were present in the youngest spleen or
GALT samples tested. This suggests that dunnarts do
not have mature lymphocytes in these tissues until the
end of the second week after birth; in the case of the
thymus and lymph nodes, however, T cells may be
present before the end of the second week. Regardless
of this, B cells were lacking in several of the tissues for
longer periods of time in the dunnart compared with
other marsupials (Table 2).

A lack of mature T and B cells in the newborn dun-
nart suggests that the neonate is unable to mount
immune defences shortly after birth. This is consistent
with reports on immune function in a small number of
other marsupials. Grey short-tailed opossums (Mono-
delphis domestica) and quokkas (Setonix brachyurus)
are unable to mount inflammatory immune responses
to skin wounds (Rowland, 1970) and quokkas are un-
able to reject skin allografts (Waring et al. 1978) shortly
after birth. In the neonatal dunnart protection via

immunoglobulins and immunological cells in the milk
may occur as observed in quokkas, tammar wallabies,
koalas and the Virginian opossum (Didelphis virgin-
iana) (Yadav & Eadie, 1973; Deane & Cooper, 1984;
Jansen et al. 1994; Young et al. 1997; Young & Deane,
2001). Clearly, more studies are required to investigate
the survival strategy of the dunnart from the time the
dunnart is born until the immune tissues develop and
it is able to mount its own immune responses. In addi-
tion, further studies on a greater number of ideally
preserved samples will presumably provide a more
precise time at which mature lymphocytes appear in the
immune tissues of the stripe-faced dunnart.
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