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Abstract — Colonies of the compound ascidian Botryllus schlosseri undergo a cyclical generation change, known as
take-over, during which cell death occurs and senescent cells are recognised and rapidly ingested by circulating
phagocytes. We re-examined, by means of morphological and cytochemical approaches, the cell death process which
occurs during take-over, focussing on circulating haemocytes as reference tissue. Since dying cells are actively in-
gested by circulating phagocytes, we studied the expression of phosphatidylserine and CD36 in senescent cells and
phagocytes, respectively, and their role in the recognition of effete cells by phagocytes.
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INTRODUCTION

Invertebrate Chordata, collectively named
Protochordata, are filter-feeding marine animals
and include Cephalochordata and Urochordata.
The latter are characterised by a planktonic or
sedentary life-style and owe their alternative name
of Tunicates to the test or tunic, the peculiar cov-
ering in which the body is embedded.

Ascidians, or sea-squirts, are sessile, marine
Tunicates diffuse throughout the world, mainly in
shallow tropical and temperate waters. About
3,000 species have been reported so far, both soli-
tary and colonial. In colonial ascidians, zooids
share a common tunic and are frequently inter-
connected by a common circulation.

In recent years, solitary ascidian species (Ciona
intestinalis, Ciona savignyi, Halocynthia roretzi)
have emerged as model organisms for the study of
the molecular control of embryogenesis and dif-
ferentiation of specific cell lines (Opa-IsHir et al.
2005; PassamaNek and D1 Grecorio 2005;
Saton and LEVINE 2005) and their genome has
been partially or fully sequenced (DEHAL et al.
2002; YOKOBORI ¢t al. 2003).

Although less fully investigated at the molecu-
lar level, compound ascidians offer the advantage
of asexual reproduction, which means that, in the
same organism and at various levels (morphologi-
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cal, biochemical, molecular), different develop-
mental pathways (embryogenesis and blastogen-
esis) lead to the same end product: the adult, fil-
ter-feeding zooid can be compared

The colonial ascidian Botryllus schlosseri has
emerged as a model organism for the study of
asexual reproduction, natural apoptosis, and
clearance of senescent cells (LAUZON et al. 1992;
1993; CimA et al. 2003), allorecognition (RINKE-
vicu 1992; Cmma et al. 2004), immunobiology
(BALLARIN ef al. 2002; BALLARIN and BURIGHEL
2006) and regeneration (T10zz0 et al. 2005).

B. schlosseri colonies form new zooids by blas-
togenesis, through the formation of palleal buds
which progressively grow and mature until new
adults are formed. Three blastogenic generations
are commonly found in Botryllus colonies: adult,
filtering zooids, their buds and budlets on buds.
At a temperature of 19°C, adult zooids remain ac-
tive for about one week; then they contract, close
their siphons, and are gradually resorbed, being
replaced by a new generation of adult zooids, rep-
resented by buds which reach functional maturity,
open their siphons and begin their filtering activ-
ity (BERRILL 1941; SABBADIN 1955; BURIGHEL and
ScHIAVINATO 1984; LAUZON et al. 1992). During
resorption, or take-over, massive cell death occurs
in tissues of regressing zooid which, according to
morphological data (BURIGHEL and SCHIAVINATO
1984; LAUzON et al. 1992) has been ascribed to ap-
optosis. In addition, effete cells are identified and
ingested by circulating phagocytes which infiltrate
zooid tissues.
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The present report re-examines the main cel-
lular events occurring during take-over, consider-
ing circulating phagocytes as reference tissue, us-
ing both morphological and immunocytochemical
approaches, with particular attention to the inter-
action between senescent cells and phagocytes.

MATERIALS AND METHODS

Colonies of the ascidian Botryllus schlosseri
were collected in the Lagoon of Venice and
reared, attached to glass slides, in aerated aquaria
filled with filtered sea water (FSW) at a tempera-
ture of 19°C, and fed with Liquifry Marine (Liqui-
fry, U.K.). Haemocytes were collected from colo-
nies previously rinsed in FSW containing 0.38%
Na citrate as anticlotting agent, after puncture of
the tunic marginal vessel with a fine tungsten nee-
dle. Cells were centrifuged at 780 x g for 10 min
and pellets were resuspended in FSW to yield a fi-
nal concentration of 5 x 10° cells/ml.

Short-term haemocyte cultures were prepared
as described elsewhere (BALLARIN et al. 1994);
phagocytes were classified according to BALLARIN
and CimA (2005). Haemocytes were fixed for 30
min in Sanfelice solution, stained with Pfitzner’s
safranin solution, and counterstained with May-
er’s haematoxylin. Chromatin fragmentation was
detected by the TUNEL reaction, whereas FITC-
coupled annexin-V was used to detect cells ex-
pressing phosphatidylserine (PS) on their surface.
Immunocytochemical staining with anti-CD36
monoclonal antibody was also performed on
haemocytes fixed for 30 min in 4% paraformalde-
hyde in FSW, to evaluate the extent of the expres-
sion of the antigen on haemocytes during the blas-
togenetic cycle and the type of cells expressing it.
The same antibody and the soluble PS agonist
phospho-L-serine were used to study the role of
CD36 and PS in the recognition of apoptotic cells
by phagocytes.

RESULTS AND DISCUSSION

The cyclical generation change in colonies of
B. schlosseri, known as regression, or take-over, al-
lows the definition of a weekly blastogenetic cycle,
beginning from the opening of the siphons of a
new adult generation and the appearance of a new
blastogenetic generation, and ending with resorp-
tion of adult zooids.

During take-over, circulating phagocytes mas-
sively infiltrate zooid tissues and engulf senescent

cells (fig. 1a). As a consequence, with respect to
intermediate or mid-cycle stages, as defined by
LAuzoN et al. (1992), take-over is characterised by
a significant increase in the frequency of circulat-
ing phagocytes, showing globular morphology
and containing ingested cells or cell debris (fig.
1b), whereas the frequency of amoeboid phago-
cytes (fig. 1c), representing mobile and active
phagocytes, significantly decreases (fig. 2). In ad-
dition, the number of haemocytes showing nu-
clear condensation and recognised by annexin-V,
and positive to the TUNEL reaction (all indices of
apoptosis) significantly increases (fig. 3), as well as
the frequency of circulating macrophage-like cells
containing TUNEL-positive cells (Cima ez al.
1996; 2003).

Fig. 1 — a: phagocytes containing ingested cells (arrow-
heads) in the tissues of senescent zooids; b: globular
phagocyte containing ingested material inside its vacu-
oles; c: amoeboid phagocyte. Cells and tissues were
stained with Pfitzner’s safranin and Mayer’s haema-
toxylin. Scale bar: 10 pm.

Phagocytes actively recognise senescent cells
and ingest them. When living haemocytes were la-
belled with the fluorescent stain carboxyfluores-
cein diacetate and matched 7 vitro with haemo-
cytes from the same colony, but at different stages
of the colonial life-cycle, the number of phago-
cytes ingesting fluorescent cells was significantly
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Fig. 2 — Frequency of amoeboid and globular phagocytes during various stages of the colonial blastogenetic cycle,
starting from day 0 (beginning of a new cycle) to day 7 (end of the take-over). Significant differences with respect to
mid-cycle stages (day 3-5) are marked by asterisks. *: p < 0.05; **: p < 0.01; ***: p < 0.001.
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Fig. 3 — Frequency of circulating haemocytes showing positivity to annexin-V (dark grey) and TUNEL reaction
(light grey) during mid-cycle and take-over. Asterisks indicate significant differences with respect to mid-cycle

o

stages. **: p < 0.01; ***: p < 0.001.
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higher if unlabelled haemocytes from mid-cycle
stages were incubated together with labelled
haemocytes from take-over, than in the case of the
opposite combination (fig. 3). Non-professional
phagocytes, mainly epithelial cells, also occasion-
ally ingest senescent cells.

As regards the “eat-me” signals on effete cells
allowing their recognition and clearance by circu-
lating and occasional phagocytes, there is a pro-
gressive increase in haemocytes recognised by an-
nexin-V from the beginning of the colonial life-cy-
cle to take-over. PS seems to be involved in recog-
nition, as the addition of phospho-L-serine, a
soluble analogue of PS, inhibits 77z vitro phagocy-
tosis of apoptotic cells. Oxidised plasma mem-
brane lipids are also important in the interaction
between phagocytes and senescent cells, as phago-
cytes cannot ingest effete cells in the presence of
antioxidants, (VoSKOBOYNIK et al. 2004). CD36,
part of the receptorial complex binding throm-
bospondin, a bridging molecule between phago-
cyte surface and apoptotic cells, is expressed in
Botryllus phagocytes: the frequency of cells recog-
nised by anti-CD36 antibodies significantly in-
creases during take-over with respect to mid-cycle
and the expression pattern changes from patchy
distribution on the plasma membrane in mid-cy-
cle to uniform staining of the phagocyte surface
during take-over. In addition, anti-CD36 anti-
body significantly decreases the phagocytosis of
effete cells, suggesting that the thrombospondin
receptor plays a role in apoptotic cell removal by
phagocytes in a manner similar to that described
in Vertebrates (Cma et al. 2003).

On the whole, data obtained until now sup-
ports the idea that fundamental mechanisms for
the recognition of apoptotic cells are well con-
served throughout the evolution of Chordates.
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