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Introduction
Insects are armed with a powerful innate immune response, which provides an
effective barrier against invaders and tumors. The phylogenetically conserved
immune functions, such as the phagocytosis of microbes and the encapsulation of
large foreign particles are carried out by specialized immune cells, the hemocytes.
The development of the hemocyte lineages of Drosophila melanogaster is the
result of a strictly regulated succession of intracellular and intercellular events.
Studies on the Drosophila immune system have provided most of our knowledge on
hematopoiesis and blood cell lineages in insects, and have shed light on some of the
key features of blood cell differentiation in the animal kingdom.
The differentiation of hemocytes begins in the early embryonic stages. Two
distinct mesodermal segments give rise to two independent embryonic hemocyte
lineages: the procephalic mesoderm differentiates into embryonic macrophages and
crystal cells, while the cardiogenic mesoderm forms the embryonic lymph gland. In
the larval stages, hemocytes occupy three hematopoietic compartments: the lymph
gland, the sessile tissue and the circulation. The lymph gland is a compact
hematopoietic tissue consisting of paired lobes along the anterior end of the dorsal
vessel. The sessile hematopoietic tissue localizes to the inner wall of the body cavity,
and forms a banded pattern along the length of the larva. Both of these hematopoietic
tissues contain differentiated effector cells, as well as precursor hemocytes. The third
compartment, the circulation, comprises two effector hemocyte
types: the plasmatocytes and the crystal cells. The plasmatocytes are phagocytic cells
which engulf microbes and produce antimicrobial peptides, while crystal cells contain

enzymes neccessary for the melanization cascade. Infestation by the parasitoid wasp
Leptopilina boulardi results in the appearance of a third effector cell class, the
lamellocytes, which form multilayered capsules around large foreign particles.
Although the process of blood cell differentiation has been studied extensively, the
origin of the hematopoietic compartments and effector hemocytes are still not well
recognized.

Aims
The focus of the presented work was to meet the following goals:

1.) To identify the hemocyte lineages in the Drosophila embryo, which contribute to
the formation of larval and adult hemocytes.

2.) To find the connection between these cell lineages and the larval and adult
hemocyte compartments.

3.) To shed light on the compartmental origin of effector hemocytes that differentiate
in the course of the immune response.

4.) To reveal the differentiational capacity of the different effector hemocyte lineages,
and to identify factors, which are responsible for the regulation of this plasticity.

5.) To construct an experimental system, by which the fine structure and cellular
composition of the hematopoietic compartments can be studied in vivo, with special
emphasis on that of the sessile hematopoietic tissue.

Methods
1. Immune induction of Drosophila larvae
2. Preparation of hemocyte samples
3. Preparation of dissected larvae
4. Immunofluorescent staining
5. Microscopic analysis of hemocyte samples
6. Videomicroscopy of Drosophila embryos
7. Phagocytosis assay
8. Immobilization of larvae
9. Preparation of antibody mixtures for in situ immunofluorescence
10. Injection of antibody mixtures into Drosophila larvae
11. In situ confocal microscopy and videomicroscopy
12. Fluorescent staining of hemocyte samples with antibody-mixtures

Summary of the results
1. The origin of larval hemocyte compartments
In our experiments, we created a transgenic system, which enabled us to
follow the embryonic hemocyte lineages in later developmental stages. We
established that the larval circulation and sessile tissue can be traced back to the
embryonic macrophage-lineage, while the lymph gland arises from the cardiogenic
mesoderm. Our experiments revealed that in naive larvae, no cells exit or enter the
lymph gland; however, upon immune induction by parasitic wasp, all three
hematopoietic compartments take part in the differentiation of effector hemocytes,
namely plasmatocytes and lamellocytes.

2. The plasticity of the plasmatocytes
We performed the detailed analysis of the hemocyte differentiation that
follows the immune challenge. We observed hemocytes expressing lamellocytes
specific markers just few hours after the induction. These cells represent an
intermediate stage of differentiation between phagocytic plasmatocytes and
encapsulating lamellocytes from both morphological, immunological and functional
standpoint. We investigated this presumed transformation by tracking the fate of the
plasmatocyte lineage in vivo, and found lamellocytes of clearly plasmatocyte origin in
the parasite-infested larvae. From these results, we determined that in the course of
the immune response, at least part of the lamellocyte differentiation can be attributed
to phenomenon of macrophage plasticity.

3. The plasticity of the crystal cell lineage

Crystal cells are present in the circulation of naive larvae, and play a key role
in the melanization processes following the immune challenge. By tracing the crystal
cell lineage in vivo, we found that, unlike plasmatocytes, these cells do not transform
into lamellocytes after parasitoid immune induction. However, we observed that by
expressing factors, which directly induce the differentiation of effector blood cells,
lamellocytes can be differentiated from the crystal cell lineage. The differentiation can
be either cell autonomous, or non-cell autonomous, depending on the expressed
factors.

4. The fate of hemocyte lineages in the pupa and the adult
The onset of pupariation triggers the spontaneous desintegration of the
immobile hemocyte compartments. By tracking these changes with fluorescent
reporters, we found that - similarly to the lymph gland - the structure of the sessile
hematopoietic tissue also dissolves. In late pupae, we observed the rearrangment of
this compartment in a pattern that resembles the adult stage.
With tracing of the embryonic hemocyte lineages, we also showed that pupal
and adult hemocytes derive from both the procephalic mesoderm (embryonic
macrophage-lineage) and the cardiogenic mesoderm (embryonic lymph glandlineage), which also means that all three larval hemocyte compartments contribute to
the adult blood cell pool.
From the presented data, we constructed a model to summarize the
differentiation events that take place in response to parasitoid wasp infection. We
augmented this model with further data to establish a genealogical map of hemocytes,
which helps tracking the fate of the individual blood cell types and compartments
during the development of Drosophila.

5. A novel technique to study larval hemocyte compartments in vivo
In recent years, confocal imaging techniques took a huge leap forwards,
therefore it became possible to investigate live animals in great detail. Since the
structure of the sessile hematopoietic tissue is severely damaged during the
preparation of the larva, we created an in vivo method, by which the fine structure and
composition of the hematopoietic tissues can be studied with fluorescent reporters.
The basis of this method is the reversible immobilization of larvae, which allows in
excess of an hour of videomicroscopic investigation. We combined the strength of
the in vivo reporters with the specifity of molecular markers by injecting fluorescently
labeled antibody-mixtures into live animals to create an in situ immunostaining assay.
We confirmed the specificity of this technique by confocal microscopic experiments,
and we identified different hemocyte types within the sessile compartment. Through
the use of this method, we plan to characterize the dynamics

of the hemocyte

compartments in live larvae, and investigate the effect of different factors on the
hemocyte compartments that regulate hematopoiesis in Drosophila melanogaster.
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