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Table VI.2.1 Percentage of B and T lymphocytes within
rabbit lymphoid tissues according to Fujiwara et al. (1974) (A)
and Rudzik et al. (1975) (B)

T Cells B Cells

Cell source A B A B
Appendix 23.3 ND 53.0 ND
BALT ND 18.4 ND 415
Bone marrow 155 ND 37.2 ND
Lamina propria ND 11.1 ND ND
Lymph node 57.0 ND 37.3 ND
PBL 40.1 43.9 42.4 ND
Peyer’s paich ND 16.6 ND 78.7
Spleen 37.8 19.7 47.4 ND
Thymus 94.5 94.0 5.0 ND

ND, not determined; PBL, peripheral blood lymphocytes; BALT,
bronchus-associated lymphatic tissue.

Normal villi

Solitary
lymphoid
nodule

Small intestine

/

= peyer’s patch

Colon

Sacculus
rotundus

Appendix

Figure VI.2.1 Diagrammatic representation identifying the
novel aspects of the gut-associated lymphoid tissues of the
rabbit. From Befus and Bienenstock (1982), with permission.

system is similar to that of other mammalian species, with
the exception of the appendix, which is present at the
caudal end of the caecum, and the sacculus rotundus
located at the ileo-caecal junction. These two GALT have
functions that have been identified only in rabbit tissue.
The third GALT identified in the diagram is the Peyer’s
patch, which is located along the small intestine. In the
rabbit, there are between two and 10 Peyer’s patches along
the small intestine (Befus and Bienenstock, 1982).

The rabbit spleen (Figure V1.2.2A} is composed of red
and white pulp compartments. The red pulp comprises
venous sinuses supported by a characteristic reticular
meshwork (not visible at this magnification). Within the
red pulp the interstitium contains clusters of mononuclear
phagocytes, hematopoietic colonies and differentiated

plasma cells. The white pulp is organized centripetally
around central arterioles. The periarteriolar lymphatic
sheath (PALS) contains a preponderance of small T cells
but other recirculating cells and antigen-presenting cells
resembling interdigitating dendritic cells are also present.
In the periphery of the PALS is the marginal zone and
B-cell follicles. The marginal zone is separated from the
PALS by a line of antigen-presenting cells. Enzymatic
activities and phenotypic markers suggest that these cells
differ from antigen-presenting cells in the marginal zone,
and from those in PALS and germinal centers. The
organization of the B-cell follicles also follows a centripe-
ta] relationship to the central arteriole. The mantle zone
containing small IgM™* B cells is furthest away from the
arteriole. The germinal center (GC) itself is composed of
two distinct regions, the light zone and the dark zone
(defined by characteristic hematoxylin and eosin staining).
The germinal center dark zone (containing centroblasts)
rests against the border between the follicle and the PALS,
and the light zone (containing centrocytes) fills in the
remaining space between the mantle zone and the dark
zone. Within these two zones B cells can undergo develop-
mefital changes, including DNA base pair changes a$ part
of affinity maturation. The marginal zone, containing
intermediate sized B-cells, reticulum and antigen-present-
ing cells forms a belt separating the white pulp from the
red pulp. This reticulum is interrupted by numerous venus
sinuses (marginal sinuses) supplied by vessels originating
from the central arterioles. These marginal sinuses are
where recirculating lymphocytes in the blood attach before
migrating into the splenic white pulp. Recently, the
MAdCAM-1 vascular addressin (mucosal addressin
which is a ligand for #4 7 integrin on mousé lymphocytes)
has been identified on the endothelial lining of marginal
sinuses (Kraal et al., 1995). The spleen is the only periph-
eral lymphoid organ that does not have high endothelial
venules (HEVs) supporting lymphocyte recirculation.
Lyons and Parish (1995) have suggested that marginal-
zone macrophages in the mouse are the splenic analog of
HEV, forming the port of entry of lymphocytes into the
white pulp of the spleen.

The rabbit lymph -node (Figure VI.2.2B) is organized
into compartments similar to those of most mammalian
species. There is a cortex comprised of superficial cortex
below the subcapsular lymphatic sinus where B-cell-fol-
licles are present and a deep cortex where recirculating
cells (T > B) emigrate from the blood. In the superficial
cortex lymphoid follicles aré organized into at least three
compartments similar to those described in lymph nodes
of other species such as mouse. It is interesting to note that
the mantle zone is closest to the areas of antigen uptake
and the GC dark zone is closest to deep cortex, where
recirculating cells enter via HEVs. Below the deep cortex
are areas containing B-cells in various states of maturation
from lymphoblasts to plasma cells. These areas become
the medullary plasma cell cords and have been termed (for
the rabbit) ‘follicular funnels’ by Kelly et al. (1972) because
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Figure V1.2.2 Haematoxylin and eosin stained sections of various rabbit lymphoid tissues. A: spleen; B: Iymph node; C:

Peyer’s patch; D: appendix. Labels identify important features.

they appear to be organized across columnar areas of
cortex below individual B-cell follicles. Separating plasma
cell cords are medullary lymphatic sinuses which contain
lymphoid cells enroute out into efferent lymphs. Phagocy-
tic cells anchored to reticular fibers that cross intranodal
lymphatic sinuses contribute to the removal of particulates
from lymph.

Craig and Cebra in 1971 used the rabbit as an animal
model to identify the Peyer’s patch (PP) as a site for
commitment of B cells to IgA production (Figure V1.2.2C).
They found that B cells isolated from PP subsequently made
IgA in the spleen after reinfusion into recipient rabbits.
After expansion in the spleen, these B cells could circulate to
a site along the intestinal tract, where they lodged and
secreted antibody which was carried across epithelial cells
into the gut lumen in endosomes. The organization of the
rabbit PP is similar to that of other mammalian species,

with a dome region extending into the lumen of the gut and
the follicle germinal center abutting the muscular wall. The
dome is covered by a special epithelium containing M or
microfold cells which transport antigen into the PP in
endosomes. Beneath the dome is the GC. It has an easily
discernible dark zone surrounding a light zone. Unlike the
spleen and lymph node, the mantle zone of the PP and other
GALT structures does not surround the germinal center but
rests above it, filling the space defined by the dome
epithelium and connecting with the interfollicular areas
laterally (this is most pronounced in the appendix and
sacculus rotundus and least evident in the PP). Betwéen the
dome—GC region are T-cell rich areas known as the inter-
follicular regions. It is within the interfollicular regions that
recirculating cells enter PP via HEV.

The rabbit appendix is composed of several-hundred
lymphoid follicles. As shown in Figure V1.2.2D, the organi-
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zation of these follicles is similar to the PP, except that the
young rabbit has GCs that are larger than those found in the
corresponding PP. By adulthood, the GC of the appendix is
similar in size and cellular composition to that of the PP. In
addition, the villus of the appendix has a characteristic
shape that is unique to the appendix and sacculus rotundus.
The villi in these two GALT have been given the name
mushroom villi, based on their identifiable shape.

Species-specific aspects of organ development,
structure and function

Most lymphoid organs of the rabbit bear striking similar-
ity in terms of organ development, structure and function
to their counterparts in other mammalian species. One
lymphoid tissue that does not share these characteristics
with other mammalian species is the rabbit appendix, a
caecal diverticulum.

The rabbit appendix is about 2.5 cm long at birth and
contains no organized B- or T-cell follicular regions.
However, IgM, but.not IgA B cells can be detected. By 6
weeks old the appendix reaches its largest size, measuring
about 9 cm long and is composed of several hundred
individual follicles, each characterized by several distinct
morphological regions (Figure V1.2.3). B cells are located
in the germinal center and dome region, the latter lying
directly under the follicle associated epithelium. T cells are
not found in either of these regions at 6 weeks old, but can
be detected in the interfollicular region found between
follicles (Table V1.2.2). Starting at 9 weeks after birth and
ending at adulthood the rabbit appendix undergoes
changes in gross morphology and B and T cell distribution
that ultimately result in a lymphoid organ in the adult
rabbit that bears little resemblance to that of the young
rabbit appendix. In fact, the adult rabbit appendix appears
very similar in structure and cell distribution to the Peyer’s
patches (Table VI1.2.2 and Figure V1.2.3). The adult rabbit
appendix contains germinal centers that are smaller than

those found at 6 weeks after birth. In addition, T cells can
now be found dispersed throughout the formerly B-cell
only zones. Most of these T cells express CD4 and are
distributed throughout both the dome region and the
germinal centers. CD8-expressing T cells can also be
detected in the adult appendix, with most located in the
interfollicular regions and just under the follicle associated
epithelium (Table V1.2.2 and Figure VI.2.3).

The changes seen in the appendix from the young to the
adult rabbit (Figures VI1.2.3 and V1.2.4) may correspond to
changes in function (Crabb and Kelsall, 1940; Weinstein et
al., 1994a, and unpublished results). The young rabbit
appendix is involved in diversification of the B-cell anti-
body repertoire (Weinstein et al., 1994b).

The sacculus rotundus of the 6-week-old rabbit, another
GALT, which is located at the ileo-cecal junction, bears a
striking resemblance to the appendix of a similar aged
rabbit. The few differences between these tissues are
smaller germinal centers and fewer follicles. Like the
appendix, the sacculus rotundus also changes as the
rabbit gets older, with the result that by adulthood it also
bears a strong resemblance to a Peyer’s patch. The func-
tion of the sacculus rotundus may be the same as the
appendix at equivalent stages of development.

3. Rabbit Leukocyte Markers

More than 30 surface markers have been identified for
rabbit leukocytes. At present, approximately 20 of these
markers can be identified with monoclonal antibodies
(mAbs) and 15 of them with rabbit-specific DNA probes.
Rabbit leukocyte antigens for which either mAb or DNA
probes are available are listed in Table VI.3.1, along
with their cellular distribution. The GenBank accession
numbers are provided for all DNA probes. For some
molecules, including CD4, CDS, MHC class I, and MHC
class II, both mAb and DNA probes are available. Several

Table VI.2.2 Summary of igM, IgA and CD4 staining levels in different lymphoid regions of rabbit appendix during

development
IgM IgA CD4

FAE D Lz Dz IF FAE D Lz Dz IF FAE D Lz DZ IF
1 day : -2 4 — — - - - - - - — - — — —
2 week ++ o+ o+ — S — - — — — +
6 week ++ 4+ 4+ — ++ 4+ . — — — — — — +
9 week ++ o+ o+ + — e S o - — — + — — +
5 month ++ o+ 4+ + - 4+ = — - + + — +
9 month ++ A+ + — + o+ = — — + + — +
1.5 year + ++ 4+ - - ++ o+ 4+ - - + + + +
4 year + ++ o+ — — ++ o+ — — + + + +
Jejunal Peyer’s patch + ++ o+ — - S T R = S - - + + + +
2++ =stains darkly; + = stains moderately; + = stains faintly; — =no staining seen.

FAE, follicle associated epithelium; D, dome; LZ, light zone; DZ, dark zone, IF, interfollicular.
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1gM igA

IgM IgA

Figure VI.2.3 Rabbit appendix development monitored by immunohistochemistry with B cell-specific immunoglobulin
markers. Rabbit appendix tissue was taken 1 day (A, B), 2 weeks (C, D), 6 weeks (E, F), 5 months (G, H), 9 months (|, J),
1.5 years (K, L), and 4 years (M, N) after birth. Rabbit jejunal Peyer’s patch (JPP) tissue was taken 6 weeks (O, P) after birth.
Semi-thin (7-um) sections of rabbit appendix and JPP were stained with either a mouse anti-rabbit IgM (A, C, E, G, |, K, M, O)
or a mouse anti-rabbit IgA (B, D, F, H, J, L, N, P). Note change in size and shape of the rabbit appendix from 6 weeks to
1.5 years. The rabbit appendix at 1.5 and 4 years (K-N) bears a strong resemblance to a JPP (O-P) in shape, immunoglobulin
(Ig) staining patterns, and size. Most GC staining for IgM and IgA is in the LZ with DZ B cells expressing little surface Ig.

Scale bar=5 mm.

other rabbit leukocyte cell surface molecules have been
identified by mAb (McNicholas et al., 1981; De Smet et al.,
1983; Loar et al., 1986), however since the molecular
specificities of these antibodies are not known, we did not
include them in Table VI1.3.1.

Specificity of reagents

Most rabbit leukocyte mAb are produced by immunizing
mice with rabbit cells, rather than with purified mole-

cules. The targer of the selected mADb is usually identified
by comparing the cellular distribution and the molecular
weight of the immunoprecipitated molecule with known
mouse and human CD molecules. We have concerns
about the accuracy of this approach to determining
antibody specificity. This concern is illustrated by the
following example, Kotani ez al. (1993a) developed the
antirabbit CD5 mAb KEN-5 by immunizing mice with
rabbit T cells. This mAb reacted with all rabbit T cells
and with <1% B cells. It immunoprecipitated a mole-
cule of 67 kDa. Raman and Knight (1992) also developed
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Figure VI.2.4 Changes in size of different rabbit appendix B-cell follicular regions. Mean weights of follicle-associated
epithelium (FAE), dome region and germinal centers (GC) on photographs were measured. Note dramatic rise then fall in GC
size during rabbit appendix development. By 1.5 years, the size of appendix GC were similar to those in JPP.

an antirabbit CD5 mAb; however, they cloned the rabbit
CD5 gene and immunized mice with murine T cells that
had been transfected with this gene. Unlike the KEN-5
mAb, the Raman and Knight anti-CDS mAb (R-CDS5)
reacted with essentially all rabbit B cells. The KEN-5§
mAb did not react with murine cells transfected with the
rabbit CDS gene. We conclude that the KEN-5 mAb is
not directed against rabbit CD5 but instead is directed
against a T-cell molecule of unknown identity. We
suggest that before a mAb can be identified as reacting
with the rabbit homologue of a mouse or human
molecule, the specificity must be characterized by reac-
tivity with molecules known, either by amino acid or by
nucleotide sequence analysis, to be homologous to the
respective mouse or human molecule.

Several of the mAb used to identify rabbit cell surface
molecules are cross-reacting antibodies that were devel-
oped against mouse or human CD immunogens. Although
in our experience most such mAb raised against mouse or
human CD molecules do not cross-react with rabbit
leukocytes, we encourage investigators to test antimouse
and antihuman mAb for cross-reactivity with rabbit leu-
kocytes before developing rabbit-specific reagents. It is
more likely that antihuman mAb developed in mouse, a

species phylogenetically distant from human, will cross-
react with rabbit leukocytes than will the antimouse mAb
developed in other rodents. We have included cross-react-
ing antihuman mAb in Table VI.3.1 for those rabbit
leukocyte cell-surface molecules for which no rabbit-
specific reagents are available.

Lymphocyte markers

B cells can be easily identified by readily available poly-
clonal anti-Ig reagents, and as a result, relatively few
antirabbit Ig mAbs have been developed. Although B cells
can also be identified by anti-MHC class II mAb, these
mADb are less reliable because they react with monocytes,
macrophages, and activated T cells, as well as with B cells.
No pan-B lineage-specific mAbs for molecules such as
rabbit B220, CD19, or CD20 have been reported. Simi-
larly, although several T-cell-specific mAb have been
developed, notably anti-CD4 and anti-CD8, no reagents
directed specifically against the rabbit T-cell specific
antigen, CD3, are currently available. Two commonly
used antirabbit T cell mAbs, anti-CD43 and 9AE10, are
not optimal reagents because, in addition to reacting with

Cl

Cl

C!
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Table V1.3.1 Rabbit leukocyte antigens

Monoclonal
Molecule Cell distribution antibodies  Probe Reference
CD1 Thymocytes, dendritic cells M26249 Calabi et al. (1989)
CD3, Tcells PC3/188A% Jones et al. (1993)
CD4 Tcell subset KEN-4 544055 Kotani et al. (1993a)
’ M92840 Hague et al. (1992)
CcD5 Tand B cells KEN-5° Kotani et al. (1993a)
R-CD5 L03204 Raman and Knight (1992)
CD8g Tcell subset 12.C7 De Smet et al. (1983)
L22293 Sawasdikosol et al. (1993)
CD9 Pan-leukocyte, platelets, fibroblasts MM2/57% Homby et al. (1991),
Wilkinson et al. (1992b)
CD11a Pan-leukocyte NR185 Blackford and Wilkinson (1993)
(LFA-1 & chain) KEN-11 Kotani et al. (1993a)
CD11b Neutrophils, macrophages, NK cells 198 Smet et al. (1986),
(MAC-1; CR3« Galea-Lauri et al. (1993b)
chain)
CD11c Neutrophils, macrophages, NK cells  3/22 Blackford et al. (1996)
(P150,95; CR4«
chain)
CD18 Pan-leukocyte 1.13/64 Jackson et al. (1983)
(LFA-1 5 chain) Wilkinson et al. (1984),
RCN1/21 Galea-Lauri et al. (1993a)
CD25 Activated T cells KEl-a1 Kotani et al. (1993b),
(IL2R,) Sawasdikosol et al. (1993)
CD28 T cells (most CD4*, some CD8* D49841 Isono and Seto (1995)
cells)
CD43 Tcells, thymocytes L11/135 Jackson et al. (1983),
(leukosialin) : Wilkinson et al. (1992a)
CD44 Pan-leukocyte W4/86 Jackson et al. (1983)
Wilkinson et al. (1984),
RPN 3/24 Galea-Lauri et al. (1993b)
CD45 Pan-leukocyte 1.24 De Smet et al. (1983)
L12/201 Jackson et al. (1983)
L12/27 Wilkinson et al. (1993}
CD49d Monocytes, lymphocytes HP1/22 Kiing et al. (1995)
(V LA-4 g '
subunit) .
CD54 Widely distributed; many activated  Rb2/3 Richardson et al. (1994)
(ICAM-1) cells
CD58 Pan-leukocyte, red blood cells, VC21 Wilkinson et al. (1992b)
(LFA-3) platelets N
CD62E Endothelial cells gH9 Olofsson et al. (1994)
(E-selectin) -14G2
CD62L White blood cells Dreg-2007 Garcia et al. (1995)
(L-selectin) LAM1-32 Ley et al. (1993)
CD80 Activated B cells, macrophages, D49843 Isono and Seto (1995)
(B7-1) dendritic cells
CD86 Activated B cells, macrophages, D49842 Isono and Seto (1995)
B7-2) dendritic cells
CD106 Endothelium (inflammatory ‘Rb1/9 Richardson et al. (1994)
(VCAM-1) settings); nonvascular cells B

(continued)
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Table VI.3.1 Continued
Monoclonal .
Molecule Cell distribution antibodies  Probe Reference
CTLA-4 Activated Tcells D49844 Isono and Seto (1995)
MHC-I Nucleated cells 61 K02819 Marche et al. (1985),
LeGuern et al. (1987)
MHC-II DP,5 B cells, macrophages M22640 (x chain) Sittisombut and Knight (1986)
M21465-8 (8 chain) LeGuern et al. (1985)
MHC Il DQg B cells, macrophages 2C4 M15557 (« chain)  Lobel and Knight (1984),
LeGuern et al. (1986),
Sittisombut and Knight (1986)
MHC 1l DR,/ B cells, macrophages RDR34 M28161 (o chain) Sittisombut and Knight (1986),
Laverrier et al. (1989),
Spieker-Polet et al. (1990)
MHC Il Dog Epithelium of thymic medulla, B M96942 Chouchane et al: (1993)
cells
TCRo/p Tcells M12885 (x chain) Marche and Kindt (1986a, b)
M14576-7, Angiolillo et al. (1985),
D17416-26 (8 Isono et al. (1994)
chain)
TCRy/d Tcells CymMm12 L22290, Sawasdikosol et al. (1993)
D38134-44, Isono et al. (1995)
D42090 (y chain) Kim et al. (1995)
L22291, D26555, ;
D38118-21
(6 chain)

“mAb directed against immunogen of human origin.

#KEN-5 mAb was made against rabbit thymocytes as immunogen (Kotani et al, 1993a); R-CD5 was made against the product of the cloned

rabbit CD5 gene (Raman and Knight, 1992).

T cells, anti-CD43 may react with progenitor B cells
(Hardy et al., 1991) and 9AE10 reacts with neutrophils
(McNicholas et al., 1981; Chen et al., 1984). These
reagents can be used to distinguish T cells from B cells,
but they must be used cautiously if other leukocytes are
present in the cells being examined. Analysis of rabbit T
cells will be simplified when a reagent specific for rabbit
CD3 becomes available.

Summary

The number of rabbit-specific leukocyte markers is
considerably less than the number of markers available
for mouse and human leukocytes. With the introduc-
tion of gene cloning methods, it is now a straight-
forward experiment, albeit time consuming, to clone
the rabbit homologue of a mouse or human gene of
interest and develop mAb against the product of the
expressed gene. We anticipate that as the methods for
immunization with DNA are refined, mAbs of desired
specificity will be easily obtained and the number of
mAbs specific for rabbit leukocytes will increase sig-
nificantly.

4. Leukocyte Traffic and Associated
Molecules

Evidence for organ-specific leukocyte
recruitment ’

Rabbits have been used extensively for in vivo studies of
leukocyte recruitment as a result of the species’ size,
availability, the availability of immunological reagents,
and their apparent similarity to humans in both leukocyte—
endothelial adhesion pathways and leukocyte recruitment
mechanisms. In the systemic microcirculation, intravital
microscopy of small venules in both the abdominal mesen-
tery and the tenuissimus muscle (Lindbom et al., 1990;
Granert et al., 1994; Olofsson et al., 1994) demonstrate
that leukocyte—endothelial interactions utilize a multistep
adhesion cascade similar to that proposed for other species
(Springer, 1995; Butcher and Picker, 1996). This cascade
(see ‘Molecules Involved in Leukocyte—Endothelial Inter-
actions’ and ‘Molecules Involved in Leukocyte Migration’
later in this section) consists of five sequential events:

(1) inflammatory activation of the endothelial cell creat-
ing a proadhesive condition;
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{2) random contact of circulating leukocytes with the
vessel wall that precedes low affinity, adhesion-
dependent leukocyte rolling (selectin-mediated);

(3) local activation of the proximate leukocyte resulting in
firm adhesion to endothelium (f; and f, integrin-
mediated);

(4) leukocyte diapedesis between endothelial cells into
extravascular tissue;

(5) subendothelial migration of leukocytes along chemo-
tactic gradients.

Leukocyte recruitment in the heart, skin, skeletal muscle,
intestine, liver, and central nervous system has been
shown to be attenuated by adhesion molecule antagonists
(e.g., monoclonal antibodies, soluble carbohydrates).
These studies are consistent with the sequential activation
of first selectin, followed by f, integrin (CD11/CD18)
adherence mechanisms (reviewed by Harlan et al., 1992;
Talbott ez al., 1994), as described above. However, there
are organ-specific and stimulus-dependent exceptions to
this standard neutrophil adhesion cascade paradigm. In
the systemic circulation, intraperitoneal S. prneumonia
normally elicits neutrophil emigration by a CD18-depen-
dent mechanism that can be converted to a CD18-inde-
pendent pathway by addition of macrophages to the
peritoneum (Mileski et al., 1990). Similarly, early (4 h)
neutrophil emigration elicited by intraperitoneal protease
peptone is CD18-dependent, whereas emigration at later
time points (24 h) is CD18-independent (Winn and
Harlan, 1993). This alternative pathway appears to
require cytokine or chemokine signaling initiated by
either resident or elicited peritoneal macrophages. Neu-
trophil emigration in the pulmonary circulation of rabbits
also utilizes alternative adhesion/emigration pathways
{e.g., selectin- and/or CD18-independent) (reviewed by

Hogg and Doershuck, 1995). In contrast to the systemic
circulation where neutrophil-endothelial adherence and
emigration occur in the relatively large-diameter post-
capillary venules, in the pulmonary vasculature these
processes occur in the capillaries themselves, where their
small diameter induces neutrophil deformation and neu-
trophil sequestration, and may eliminate the requirement
for initial neutrophil ‘rolling’ (low-affinity endothelial
adhesion) prior to emigration (Wiggs et al., 1994; Hogg
and Doershuck, 1995).

Tissue-specific recruitment of leukocyte
subpopulations

Cultured rabbit vascular endothelial cells have been used
for the study of leukocyte—endothelial adhesion and emi-
gration (Kume et al., 1992; Kim et al., 1994), but to a
limited extent owing to technical challenges in maintaining
these cell lines. In vivo studies in rabbits emphasize
neutrophil (see previous subsection) and monocyte recruit-
ment mechanisms, with scant information pertaining to
lymphocytes. Neutrophil emigration is dependent on f§,
integrin-mediated adhesion in tissues not possessing resi-
dent macrophages, whereas mononuclear cell emigration
utilizes both B and f, integrin-mediated pathways (Winn
and Harlan, 1993; Kling et al., 1995).

Molecules involved in ileukocyte-endothelial
interactions

The molecular components of the leukocyte-endothelial
adhesion cascade have been described in detail (Carlos and
Harlan, 1994). Table V1.4.1 is generated from a variety of
references and describes those adhesion molecules (left

Table VL.4.1 Leukocyte and endothelial adhesion molecules described in rabbits

Molecule Distribution Ligands Regulation of expression

Selectins

L-selectin (CD62L) WBC Sle*, MAACAM-1, CE; | Upon inflam. activation?
CD34, GlyCAM-1

E-selectin (CD62E) EC Sle*, PSGL-1, ESL-1 1 Upon inflam. activation®

P-selectin (CD62P) B EC Sle*, PSGL-1 1 Upon inflam. activation®

B¢ Integrins

VLA-4 (044,

CD49d/CD29) L, M, neural crest cells VCAM-1, FN CE; not inducible

B2 Integrins

LFA-1 (CD11a/CD18) WBC ICAM-1, ICAM-2 CE; 1 Upon inflam. activation?

Mac-1 (CD11b/CD18) PMN, M, +L ICAM-1, other? CE; 1 Upon inflam. activation?

Immunoglobulin superfamily )

ICAM-1 (CD54) EC, M, L, EpC LFA-1, Mac-1 CE; 1 Upon inflam. activation®

VCAM-1 (CD106) EC VLA-4 1 Upon inflam. activation?®

PECAM-1 (CD31) - EC, WBC, P

PECAM-1, other? CE; not inducible

CE =constituitively expressed; WBC =all leukocytes; EC=vascular endothelium; PMN = neutrophils; L=lymphocytes; M=monocytes;

P = platelets; FN = fibronectin; EpC = epithelial cells.
4TNF-g, IL-1o, lipopolysaccharide. 2 Histamine, oxidants.
T =increased; inflamm. =inflammatory.
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Figure VI.4.1 The multistep adhesion cascade for leukocyte—endothelial adhesion and trarisendothelial migration (modified
from S. R. Sharar, R. K. Winn and J. M. Harlan (1995). The adhesion cascade and anti-adhesion therapy: an overview.
Springer Semin. Immunopathol. 16, 359, and reproduced With permission 6f Springer-Verlag GmbH & Go. KG):

column) demonstrated (by flow cytometry, immunocyto-
chemistry, or in vivo inhibition studies) to play a role in
leukocyte recruitment in rabbits. Of these various adhesion
molecules, rabbit-specific DNA cloning has been reported
only for E-selectin (Larigan et al.; 1992). The counter-
receptor ligands listed in Table V1.4.1 include receptors
identified in humans that presumably play a role in
leukocyte-endothelial adhesion and recruitment in rabbits.

Table V1.4.2 Chemotactic molecules described in rabbits

Molecules involved in leukocyte migration

The molecular compoiients of leukocyte migration have
been described in detail (Carlos and Harlan, 1994; Butcher
and Acker, 1996). Figure V1.4.1 describes the generalized
leukocyte adhesion/emigration cascade; please refer to the
previous subsection for those components of the cascade
that have been identified in rabbits.

Chemotactic Leukocytes

molecule recruited Organ studied Reference

Cba G Skin, lung, mesentery Arfors et al. (1987), Argenbright et al. (1991), van
Osselaer et al. (1993), Hellewell et al. (1994)

fMLP G Skin, peritoneum Drake (1993), van Osselaer et al. (1993)

LTB, G Skin Arfors et al. (1987)

Histamine G Skin Arfors et al. (1987)

IL-1a G Skin, lung, eye Rosenbaum and Boney (1993), Hellewell et al.
(1994)

IL-18 PM,L Articular joint McDonnell (1992) .

IL-2 L, ?G Skin, lung Ohkubo (1991), Wiebke et al. (1995

IL-8 G Mesentery, lung, skin, articular joint Hechtman ef al. (1991), Drake and Issekutz
(1993), Ley et al. (1993), Folkesson et al. (1995),
Matsukawa et al. (1995)

GRO G Lung Johnson et al. 1996

LPS G, M Skin, lung, eye, peritoneum Doerschuk et al. (1990), Drake and Issekutz
(1993), Rosenbaum and Boney (1993)

TNF-a G Skin Drake and Issekutz (1993)

G =granulocytes; L= lymphocytes; LPS =lipopolysaccharide; M = monocytes.
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Chemotactic molecules and populations
recruited

Limited information is available describing specific che-
motactic or other inflammatory molecules and their func-
tion in rabbits. A partial list of these molecules implicated
by a variety of in vivo studies in rabbit species is shown in
Table V1.4.2. Of these various chemotactic molecules,
rabbit-specific DNA cloning has been reported for IL-8
(Yoshimura and Yuhki, 1991), MCP-1 (Yoshimura and
Yuhki, 1991; Kajikawa et al., 1993), and GRO (Johnson et
al., 1996). In vivo experiments in these studies suggest that
the biological effects of rabbit-specific chemokines are
different from those seen with human-derived chemokines
when both are administered to rabbits:

Species-specific aspects of leukocyte traffic

To date, no leukocyte adhesion of emigration pathways
liave been described that are unique to rabbit species. The
overwhelming majority of in vivo and in vitro experiments
in rabbits have utilized New Zealand White rabbits or
their ciltured vascular endothelium (see sub-section on
tissue-specific recruitment of leukocytes). Watanabe
rabbits with heritable hyperlipidemia (Watanabe, 1980)
have also been studied to determine the role of leukocyte
" adhesion and emigration in the development of athero-
sclerosis and related lesions (Calderon et al., 1994).

5. Cytokines

The data on cytokines in the.rabbit are still incomplete and
scattered. The cDNA sequences of rabbit IL-1 (GenBank
accession number M26295; Cannon et al., 1989) and a
partial sequence of IL-2 (GenBank accession number
7.36904; A. Schock and C. Mclnnes, unpublished data)
are in the GenBank database. A number of papers report
measurements of ‘rabbit cytokines and their roles in
various disease models. Imriunoassays for detection of
IL-1c and IL-18 have been described (Clark ez al., 1991)
and kits based on these assays are commercially available.
Although a crystal structure of rabbit IFN-y was reported
in 1991 (Samudzi et al., 1991) the full sequence is not yet
.available in the GenBank database.

6. T-cell Receptor (TCR)

TCR genes, their chromosome location and
homology with other species

The organization of the entire TCR gene loci is much the
same as that of human and mouse. There are a single gene

Table VI.6.1 Rabbit TCR gene segments and their similarity
to human and mouse homologues
Percentage nucleotide
(amino acid)
identity® to
Gene .
segment Human Mouse Reference
o Chain
C, 75.3(68.6) 71.5(5  Marche and Kindt
(1986a)
V, 59 (44) 75 (70) Marche and Kindt
(1986a)
B €hain
C,ﬂ 83.9(76.3) 80.3(76.6) Angiolilio et al.
(1985)
Cp2 83 (76) 81(78) Marche and Kindt
(1986b)
Chimeric Gy Komatsu et al.
(1987),
Harindranath et al.
(1989b)
Dg2-Jg2 74 Harindranath et al.
(1991)
Vit 78.7 73.7 Lamoyi et al. (1986)
Vg2 745 64.8 Marche and Kindt
(1986b)
Vg3 83.6 80.1 Lamoyi and Mage
: (1987)
Vgd 67.0 65.2 Lamoyi and Mage
(1987)
Vg5 79.7 76.1
V46 82.8 74.1
Vis7 (7.1-7.3) 74.5-76.2 66.4-68.6
Vg8 80.4 78.7 Isono et al. (1994)
Vg9 81.8 70.4 ’
V10 80.7 74.3
Vi1 82.7 65.2
y Chain :
C, 82.3 80.3 Sawasdikosol et al.
(1993), Isono et al.
(1995)
Jyt 83 74
J,2 82 54
V,1(1.1-15T) 65-72 66-69 Isono et al. (1995)
V,2 78 61
o Chain
Cs 80.6 7.7 Sawasdikosol ef al.
(1993), Kim et al.
(1994)
Vs 77.0 66.2 Kim et al. (1994)
V2T 65.9 64.7
&iT | o2 oo Kim et al. (1995)
ViS5 86.7 771 '

2Per cent identity was shown for the closest counterpart.
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segment each of C,, C, and Cs, two tandemly arranged Cg
gene segments, and clusters of V, D (for § and 6 chains) and
J gene segments. The structural map of these segments has
not been completely determined and their chromosome
location is not known. Allelic variation has been identified
for Cg and C, segments (Komatsu ez al., 1987; Harindra-
nath et al., 1989a; Isono et 4l., 1995), and some rabbits have
a third copy of Cg gene or the chimeric gene that may have
arisen by an unequal crossing-over event (Komatsu ez al.,
1987; Harindranath et al., 1989b). Table V1.6.1 lists TCR
gene segments of published nucleotide sequences and their
similarity to human and mouse homologues.

TCR-associated proteins and accessory
molecules involved in TCR signaling
Table V1.6.2 lists TCR-associated proteins and accessory

molecules examined with monoclonal antibody and/or
whose nucleotide sequence has been determined.

TCR repertoire ontogeny: thymic dependent and
thymic independent

No data relating to the TCR repertoire ontogeny are
available.

Distribution of af and yé TCR populations

Antibodies against rabbit «f and 96 TCR are not yet
available and the tissue distribution of T cells carrying

these TCRs therefore remains mostly unknown. Cross-
reactive antibodies to homologous molecules of other
species and/or nucleotide probes for reverse-transcription
polymerase chain reaction (RT-PCR) provides only
limited information. The p5T-cell population in the per-
ipheral blood, at 23% (Sawasdikosol et al., 1993), is
relatively high compared with human and mouse; V,2

and V51 genes are dominantly expressed in these cells
(Kim et al., 1995).

Species-specific aspects of the structure,
function or development of the TCR and
associated proteins

Comparative analysis of nucleotide sequences of TCR
gene segments revealed a greater similarity of rabbit to
human than to mouse. A high percentage nucleotide
identity is observed in almost all gene segments and, in
addition, the similarity in C, chain gene is remarkable in
that the gene of both these species, and not others thus far
reported, contain repetitive exons that have lost the
cysteine residue involved in the interchain disulfide bond
(Isono et al., 1995). Genetic similarity between human
and rabbit is also reported for the absence of linkage of
TCRp chain genes to immunoglobulin C, chain genes;
these genes are linked in mouse (Hole et al., 1988). T-cell
costimulatory molecules also displayed greater amino
acid identity to human than mouse homologues (Isono
and Seto, 1995).

Table Vi.6.2 Rabbit TCR-associated proteins and accessory molecules involved in TCR signaling

Monoclonal antibody? and

Molecule Molecular mass nucleotide sequence database
{(synonym) (kDa) accession no. Reference
CD3e - PC3/188A° Jones et al. (1993)
CD4 50 KEN-4 Kotani et al. (1993)
M92840 Hague et al. (1992)
CDh8p 28 12.C7 De Smet et al. (1983)
1L.22293 Sawasdikosol et al. (1993)
CD11a(LFA-14) 150 KEN11 Kotani et al. (1993)
CD18(LFA-1p) 90 L13/64 Jackson et al: (1983)
RCN1/21 Galea-Lauri et al. (1993)
CD28 — D49841 Isono and Seto (1995)
CD45 200 .24 De Smet et al. (1983)
L12/201 Jackson et al. (1983)
CD54(ICAM-1) - R6.5° Argenbright et al. (1991)
CD58(LFA-3) 42 vC21 Wilkinson et al. (1992)
CD80(B7) - D49843 Isono and Seto (1995)
CD86(B7-2) - D49842 Isono and Seto (1995)
CTLA-4 - D49844 lsono and Seto (1995)

2 Representative antibodies alone are cited.
Cross-reactive antibody produced against the molecule from other species.
°Not available.
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Table VI.7.1 Rabbit immunoglobulin classes

Concentration in

Rabbit Ig classes MW x 1073 serum (mg/mi) Distribution Function
IgM . 800-950 ~14 Serum Primary
Lymph Immune responses
Complement
Fixation
19G 149 (~5-20)° Serum Secondary
Lymph Immune responses
IgA 158-162 (~3-4) Mucosal secretions®and = Local and systemic protection
serum
IgE 185-1907 € Serum Histamine release from mast cells,
IgE-mediated
Lymph Anaphylaxis release of platelet
Fixed on basophils/mast Activating factor from basophils
cells (Betz et al., 1980)

2The concentration of IgM in rabbit serum may be elevated during infections. Trypanosoma equiperdum has been used to experimentally
elevate IgM levels prior to isolation of igM (Van Tol et al., 1978; Gilman-Sachs and Dray, 1985).

bThe concentration of IgG in rabbit sera varies with age, tending to be elevated in older animais. Hyperimmunization with streptococcal,
pneumococcal or micrococcal vaccine can cause markedly elevated IgG concentrations greater than 50 mg/mi (Krause, 1970; Haber, 1970;
Mage et al., 1977).

°Spieker-Polet et al. (1993) found that there are at least 10 different IgA isotypes that are expressed (see also Table VI.7.2). mRNA
corresponding to the isotype encoded by the gene that maps most 5’ {C.4), was found expressed in a variety of tissues including small
intestine, appendix, mesenteric lymph node, mammary tissue, salivary gland, lung, tonsil and Peyer’s patches. This was the only detectable

isotype in lung and tonsil. In other tissues the additional isotypes were found to be expressed at various levels.

9Lindquist (1968).

®The absolute amount of IgE in rabbit sera probably varies as it does in man depending upon genetic and environmental factors. It also

becomes elevated upon hyperimmunization (Kindt and Todd, 1970).

7. Immunoglobulins
Function

The rabbit’s immunoglobulin classes and some functions
are summarized in Table VI.7.1. There is no definitive
evidence for IgD in the rabbit. Although early studies
suggested there might be another immunoglobulin on the
surface of IgM * B cells that was not IgA or IgG (Wilder ez
al., 1979; Eskinazi et al., 1979; Sire et al., 1979), no gene
encoding the & heavy chain has been identified in the
region downstream of the C, gene.

ig gene loci

An extensive review of rabbit immunoglobulin genes that
were originally detected serologically as allelic forms
(allotypes), including descriptions of methods and reagents
can be found in Roux and Mage (1996). Additional
information about rabbit Vi, IgM and IgA can be found
in: Gilman-Sachs et al. {1969); Knight and Hanly (1975);
Currier et al. (1985); Gallarda ez al. (1985); Allegrucci et al.
(1990) and Becker and Knight (1990).

The Ig heavy-chain gene loci with some known allelic
forms, heavy chain locus haplotypes, and light chain loci
with some known allelic forms are summarized in Tables
VL.7.2, VI.7.3 and VL7.4 respectively. Some GenBank

locus names and accession numbers are also listed. Only
germline Vi that are known to be expressed are included.
There are more than 100 rabbit germline Vy gene (and
pseudogene) or cDNA sequences containing rearranged
VD] in the GenBank database. Similarly, only some light
chain germline V region sequences are included. Many of
the C. cDNA sequences listed also have associated rear-
ranged V| sequences. In addition to the GenBank, the
‘Kabat Database of Sequences of Proteins of Immunologi-
cal Interest’ (http://immuno.bme.nwu.edu/) is another
valuable resource available on the world wide web. The
rabbit Ig gene sequences are tabulated and updated fre-
quently within this compendium.

Accessory molecule function

Information about accessory molecules on rabbit B lym-
phocytes is limited. Homologues of the Igx and Igf
components of the B-cell receptor complex have been
discovered (Fitts et al., 1995). CDS is expressed on the
majority of rabbit B lymphocytes (Raman and Knight,
1992). CDS appears to bind to the Vi region of certain
immunoglobulins with framework region specificity (Pos-
pisil et al., 1996). It may thus affect selective expansion of
certain subsets of B cells (Pospisil e al., 1995, 1996). Its
role as a coreceptor has been suggested. '
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Table VI.7.2 Rabbit immunoglobulin genes: heavy chains

GenBank locus name Accession number Reference

Heavy chain variable region (V)

Vylal? multiple amino RABIGHVXA M93171, J04864 Knight and Becker (1990)

Vyia2 acid differences RABIGHVXB M93172, J04865 Knight and Becker (1990)

Vy1a3 in framework RABIGHVXC M93173, J04866 Knight and Becker (1990)
regions 1 and 3

y33- RABIGHVDBQ M77083 Short et al. (1991)

x32-2

b

Heavy chain constant regions (Cy)

IgM°

The cDNA sequences

of one secreted p and RABIGHAB J00666 Bernstein et al. (1984)

membrane C-terminus RABIGHAC K01357 Bernstein et al. (1984)

are available

lgG

‘Hinge region’ between Cy1

and Cy2 position 225

d11 Met, d12 Thr

Cn2 domain of IgG position 309

e14 Thr, e15 Ala

Haplotypes dite15 RABIGCMB M16426 Martens et al. (1982)
d12e14 RABIGHAD K00752, M12187 Bernstein et al. (1983a)
di2e15 RABIGCA 129172, NOOOO8 Martens et al. (1984)

Ig Ac -

One cDNA of g75 type OCiG02 X00353 Knight et al. (1984)

13 germline genes («13 is g75)
o5 and o6 are f72 all others f71

OCCALPHA1-OCCALPHA13

X51647, X82108-X82119 Burnett et al. (1989)

2Most allelic forms were originally defined serologically. The a-locus alleles found in domestic and laboratory rabbits correspond to the genes
mapping most 3’ (closest to the Dy and Jy regions) (Knight and Becker, 1990). In most rabbit B lymphocytes this first V41 gene is found
rearranged and expressed (Becker et al,, 1990; Allegrucci et al., 1991). The locus contains 100-200 genes. Although some other Vi, genes
rearrange, they may primarily function as donors for ‘gene conversion’ of the rearranged V1 sequence (Becker and Knight, 1990; Weinstein
et al., 1994). In normal rabbits ‘a-negative’ Igs occur in 10 to 30% of the total IgG or Ig-bearing B cells. Their expression is elevated in mutant
Alicia rabbits (Kelus and Weiss, 1986) and in allotype-suppressed rabbits (Short et al.,, 1991) (see section 16).

PThe germline x32 and z gene sequences are not known but several recurring cDNA sequences are probably close to the germiine sequence.
°Serologically defined types and haplotypes are shown in Table V1.7.3. At least 12 of the 13 C, genes are expressed in vitro (Schneiderman et

al., 1989) and 10 in vivo (Spieker-Polet et al., 1993).

Ontogeny of the Ig repertoire in rabbits

The newborn rabbit is born with passively acquired
maternal protective immunity. Using immunoglobulin
allotypic markers, it has been possible to track the disap-
" pearance of the maternal immunoglobulins and also to
detect the appearance of immunoglobulins synthesized by
the young rabbit that could only have been inherited from
their sires (reviewed by Mage, 1967).

Repertoire generation

A current working model of Vi repertoire development
in the rabbit is that in the fetal and neonatal period,
VuDyJu and Vi ]JL rearrangements occur in bone
marrow, fetal liver, and perhaps omentum, but there is
limited receptor diversity because of rearrangement and

utilization of mainly a single Vi gene — Vy1 that carries
the Vya allotypic sequences (see Table VI.7.2). Cells
from these sources seed the gut-associated lymphoid
tissues. In particular, appendix follicles form, driven by
gut antigens and perhaps superantigens; there is B-cell
expansion. By 6 weeks of age the appendix is highly
cellular and there is development of the primary high
copy number repertoire, Vy; gene diversification by gene
conversion and somatic mutation. Positive and negative
selective events occur and cells that survive the selection
exit to the periphery to participate in further encounters
with foreign antigens.

Species specific aspects of Ig structure

The rabbit (and probably other Lagomorphs) have a
duplication of the entire C, locus (Benammar and Caze-
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" Table VI.7.3 Rabbit immunoglobulin genes: heavy chain haplotypes

Vi 2 ¥ o

Designation a X y ms? P d e f g

A 1 - - 16 81) 12 15 73 74
B 1 — 33,30 17 (80) 12 15 71 75
C 1 - 33, 30 17 (80) 1" 15 72 74
| 1 — 33,30 17 (80) 12 14 69 77
J 1 - - 16 (81) 12 15 70 76
R2M [{F-O)? 1 - 33,30 17 (80) 11 15 72 74
R6K[a1F-(F-I)]? 1 17 (80) 12 14 69 77
alFK 1 17 (80) 12 15 71 75
R3K F-C? 2 32 33 17 (80) 1 15 72 74
E 2 32 33— 17 (80) 12 15 71 75
F 2 32 33, — 17 (80) 12 15 69 77
R1M E-1? 2 32 33, — 17 (80) 12 14 69 77
Ali F-I 2 32 33, — 17 (80) 12 14 69 77
M 2 32 33, — 16 81) 12 15 73 74
G 3 32 - 17 (80) 12 15 71 75
H 3 32— 16 81) 11 15 72 74
R4K H-1# 3 32 — 17 (80) 12 14 69 77
R7K [H(ali F-1)]? 3 32 — 16 81) 12 14 69 77
R8K [a3F-(F-I)|? 3 17 (80) 12 14 69 77
a3FK 3 17 (80) 12 15 71 75

2These haplotypes were derived from recombinations that occurred during breeding of laboratory rabbits (Mage et al., 1982, 1992; Kelus and
Steinberg, 1991). The parental haplotypes from which the recombinants were derived are shown in brackets. The atFK and a3FK are the
parental haplotypes from which R6K and R8K were derived, respectively. ' )
®There are two parallel nomenclatures for p alleles, ms16/17 and m8Q/81.

Table VI.7.4 Rabbit immunoglobuiin genes: light chains

Comments Allele  GenBank cDNA Genbmic DNA References

Light chain variable regions

Vi

Only a few germline V., and V,

sequences are available . .

V,.18a OCIGO06 (X00977) Heidmann and Rougeon (1984)

V,.18b OCIGO07 (X02336) Heidmann and Rougeon (1984)
V. 19a OCIGO08 (X02337) Heidmann and Rougeon (1984)
V. 19b OCIGO09 (X02338) Heidiann and Rougeon (1984)
V, 20 RABIGKVA (K02131) Leiberman et al. (1984)

v, RABIGLFUNA (M27840) Hayzer and Jaton (1989)

RABIGLFUNB (M27841) Hayzer and Jaton (1989)
C..1 Four alleles in domestic and laboratory rabbits

Originally defined ‘b4 RABIGKAA (K10358, RABIGKCA (K01360) Heidmann et al. (1981), Dreher
serologically, the aileles have J00667) RABIGKCC2 (K01362) et al. {1983), Emorine and Max
muitiple amino acid sequence : {(1983), Emorine et al. (1983),
differences. b has a . . Heidmann and Rougeon (1983)
- mutation of K1b9 b5 RABIGKAB (K00751) RABIGKCD (K01363, Bernstein et al. (1983b),
M29144) Pavirani et al. (1983), Emorine
" et al. (1984), Esworthy and Max
' (1986)
b6 OCIGK1B6 (M37809) OCIGK1B6 (M37809, Dreher et al. (1990)
’ M29583) :
b9 RABIGKAC (K01359) OCIGK (X00674) Akimeno et al. (1984),
' McCartney-Francis et al. (1984)
pPas OCIGKM (X03050) Lamoyi and Mage (1985)

(continued)
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Table VI.7.4 Continued

Comments Allele  cDNA Genomic DNA References

C.2, two alleles known :

In mutant Basilea and wild- bas1 RABIGKAD (K01361) Bernstein et al. (1984)

type b9k rabbits-Leu is at C, '

position 204

Found in most laboratory bas2 OCIG01 (V00885) Heidmann and Rougeon (1983)

strains — Pro at position 204 OCIGK2B6 (X05800) Mariame et al. (1987)
OCIGK2B9 (X05801) Mariame et al. (1987)

Ji 1

There are different J,. genes b4 RABIGKCC1 (K01361) Heidmann and Rougeon (1983)

associated with each b b5 RABIGKCD (K01363, Esworthy and Max (1986)

allotype M29144)

A distinct set of J,. genes are b6 RABIGK1B6 (M37809, Dreher et al. (1990}

associated with the C,2 M29583)

alleles . bo RABIGKCO1 Akimeno et al. (1986)
(M14602-M14067)

Ji2

A distinct set of J,. genes are OCIGO05 (X00232) Emorine and Max (1983)

associated with the C,2 gene.

Ci

Several isotypic forms —gene  (c7) OCIGLC7 (X57729, Hayzer et al. {1990)

organization may differ in X57843)

different rabbit strains. (c21) RAGIGLAAA RABIGLCA (M12388}) Duvoisin et al. (1986), Hayzer

The serologically detectable (D00091, M15807, and Jaton (1987)

types ¢7 and c21 appear to be NO00091)

products of linked C; genes RABIGVLCLF RABIGLCB (M12761) Duvoisin et al. (1984), Duvoisin

rather than truly allelic forms (M17645, M25622) et al. (1986), Hayzer et al.

(1987)

RABIGLCC (M12762) Duvoisin et al. (1986)
RABIGLCD (M12763) Duvoisin et al. (1986)

nave, 1982; Heidmann and Rougeon, 1983b). The second
C, gene, k2 maps about 1 Mb from C,1 (Hole et al., 1991)
and is normally expressed at very low levels. However, in a
mutant rabbit strain, Basilea (Kelus and Weiss, 1977),
there is a defect in the mRNA splice acceptor site required
for splicing of J, to C, mRNA to form mature light-chain
message (Lamoyi and Mage, 1985). In these mutants there
is elevated expression of the k2 light chains in addition to
elevated production of 4 type light chains (see also Section
16).

An unusual feature of the k1 light chains of the rabbit
(and probably other lagomorphs), is an extra disulphide
bond that is not found in 2 or in x light chains of other
species such as mouse, rat and man. The disulphide bond
forms between the Vi and C; domains of the light chains
and may stabilize their structure. Interestingly, one of the
four major allotypes, b9, lacks the Cys found at position 80
in Vy sequences of the other allotypes and has instead a
Cys in the Ji region leading to another form of disulphide
bonding (McCartney-Francis et al., 1983). The evolution-
ary and functional significance of these structural differ-
ences has been discussed (McCartney-Francis et al., 1983;
Mage et al., 1987).

8. MHC Antigens

The multiplicity of histocompatibility genes in rabbit, as
examined through skin graft exchanges among F, and F;
generations of the cross between the B and Y inbred rabbit
lines was estimated at 19 unlinked loci (Chai, 1974).
Among these, the major histocompatibility complex
system, RLA, has been characterized at the level of
proteins and genes (Table VI1.8.1); the minor loci remain
undetermined.

Serologically defined RLA-A antigens were originally
identified by determining the effect of matching of leuko-
cyte alloantigens on graft survival (Tissot and Cohen,
1972). A series of leukocytotoxic antisera obtained from
rabbits receiving skin grafts from donors within or
between different inbreeding lines defined up to 13 distinct
RLA-A alleles (Table VI1.8.2). However, as the antisera are
no longer available, typing of the MHC class I region in
rabbit is now superseded by restriction fragment length
polymorphism (RFLP) analysis (Table VI1.8.2 and V1.8.3).

The RLA-D locus was first defined as a genetic locus
controlling in vitro mixed lymphocyte reactivity (MLR)
(Tissot and Cohen, 1974), it also affected the fate of
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Table VI.8.1 Ciassification of RLA genes

A. Class | RLA genes

8-12 heavy chain genes classified into 4 subfamilies. Cione 19-1 and the corresponding pRQ

cDNA clone represent the first subfamily which is most abundantly expressed.? The cDNA clones,
pR11 and pR27, are derived from the second and third subfamilies, respectively.?

B. Class Il RLA genes

RLA-DP subregion: 2«, 18: DPa2-DP«1-DPg°

RLA-DQ subregion: 1«, 28: DOS-(DQa-DQp)?
RLA-DR subregion: 1«, 58: DRx-DRB1, DRB2-DRA3-DRp4,° DRSS

Unclassified 2q: DFe,” HLA-DNA homolog?

2Marche et al. (1985).
5Rebierre et al. (1987b).

°There is evidence for an additional RLA-DPg-like gene located outside the RLA-DP cluster but it has not been cloned (Sittisombut et al.,

1989).

9The RLA-DQu and RLA-DQ genes are closely linked (LeGuern et al., 1985, 1987; Sittisombut and Knight, 1986). The RLA-DOp gene is
located on the same 150 kb Notl-Mlul fragment as the RLA-DQa gene in the RLA-D1 haplotype; the distance has not yet been determined

(Chouchane and Kindt, 1992; Chouchane et al., 1993).

°The RLA-DRf3 and RLA-DRp4 genes are more homologous to each other than to the rest of RLA-DRf genes (Sittisombut et al., 1989).
fThe RLA-DFa gene is a pseudogene containing only exon 4 coding sequence but has been detected in all rabbits tested and in hare and

cottontail (Marche et al., 1991).

9Previously designated as the RLA-DP«2 gene but is unlinked to other RLA-DP genes (LeGuern et al,, 1985); may represent HLA-DNA

homolog (T. J. Kindt, personal communication).

allogeneic skin grafts because compatibility at both of the
RLA-A and RLA-D loci resulted in the longest graft
survival time (Cohen and Tissot, 1974). Six distinct RLA-
D alleles have been identified by one-way MLR assay but
the assay is also replaced by RFLP analysis (Tables V1.8.2
and VI.8.4). The RLA-A and RLA-D loci are closely linked
to the He blood group locus in rabbit linkage group VII
(Tissot and Cohen, 1974).

Antirabbit f,-microglobulin has been used to purify and
characterize B,-microglobulin-associated molecules from

Table VI.8.2 Assignment of rabbit MHC haplotypes

solubilized membrane glycoproteins of RL-5, a T-lympho-
cyte cell line derived from an inbred B/J rabbit (Kimball ez
al., 1979). Following dissociation of ff,-microglobulin with
acid, analysis of the 43 kDa protein peak revealed a major
protein with high level of sequence identity with HLA-B7
and H-2K® molecules. Corresponding mRNAs and their
relative expression in RL-5 cells were derived by screening
a cDNA library with the H-2L? probe (Tykocinski et al.,
1984). Restriction enzyme analysis of randomly picked
clones revealed a major group of abundantly expressed

RLA-A haplotype RLA-D haplotype
RLA haplotype SD? RFLP® MLC® RFLP® Rabbit strain®
1 Al Al D1 D1 1/Dw, A
2 A2 A2 D2 D2 B
3 A3 A3 D3c D3c C
4 Ad nd D2 nd na
5 A5 A5 D4 D4 E
6 A6 A6 D3f D3a F
7 A7 A7 D4 D7 ' na
8 A8 A8 D3 D6 na
9 : A9 nd D3 nd na
10 A10 A7 D2 D2 na
11 . Al Atl1 D3I D3a B/J
12 A12 nd D5 D5 - na
13 A13 A13 D4 D8 na
14 nd nd D10 D10 Hi/d
15 nd A15 nd D15 na
16 nd A16 nd D2 na
17 nd Al

nd D17 na

2 Alleles defined by serological typing.
®Haplotypes defined by RFLP analysis.
° Alleles defined by mixed lymphocyte culture test.

9111/Dw, B/J and 111/J are inbred strains, the others (A, B, C, £ and F) are RLA homozygous rabbits maintained by selective breeding; nd, not
done; na, not available. Reprinted from Sittisombut (1996), with permission. Copyright CRC Press, Boca Raton, Florida.
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Table VI.8.3 List of RLA-A haplotypes as defined by RFLP analysis?®

Probe (restriction enzyme)®

e

pR27-3

RLA-A exon 4 (19-1-3)

RLA-A haplotype (BamH)) (Bglll)
At 18° 11 8.5 3.7 5.6
A2 _ 18 6.1 4.7 3.7 56 .-
A3 - 18 11 6.1 3.7 72 .
A5 18 11 8.57 6.7 6.1 4.7¢ 3.7 72 -
A6 18 11 10 6.7 6.1 47 3.7 56
A7 18 14 6.7 3.7 5.6 ...
A8 25 18 1 6.1 37 . T2
A1 18 11 10 6.7 6.1 47 37 3
A13 18 11 8.5 47 3.7 44
Al5 25 18 11 6.1 4.7 10
(A16) 18 14 11° 6.7 6.1° 37

56,

4 Adapted from Marche et al. (1989) with permission.
®Probes are listed in Table VI.8.5.

®8Size of restriction fragment in kb.

9May be doublets.

°The status of haplotype 16 with respect to these fragments is not yet clear.
Reprinted from Sittisombut (1996), with permission. Copyright CRC Press, Boca Raton, Florida.

c¢DNA clones and three other groups of rare and structu-
rally atypical clones. These mRNA species are products of
approximately 812 class I genes in the rabbit genome
(Kindt and Singer, 1987). Differential hybridization with
multiple cDNA and oligonucleotide probes allows sub-
division of these class I RLA genes into four subfamilies
(Kindt and Singer, 1987; Rebiere et al., 1987b). Allotypic
variation of rabbit class I genes and corresponding pro-

teins is not yet known. However, RFLP patterns of all class
I genes in individual rabbits correlate well with serologi-
cally defined RLA-A alleles. With BamHI digestion, dis-
tinct patterns of bands hybridized to a class 1 exon 4 probe
correspond to distinguishable RLA-A alleles in nine out of
ten haplotypes tested (Tables V1.8.2 and VI.8.3) (Marche
et al., 1989). '

The heterodimeric nature of RLA-D antigens and the

Table VI1.8.4 List of RLA-D haplotypes as defined by RFLP analysis

Locus (restriction enzyme)

DPx1 DPa2 DPB DCQu. DQB DR DRp?
RLA-D haplotype (BamHl) (Hind/l) (EcoRJ) (Pvull/EcoRl) (Hind/l) (EcoRl) (BamHi)
D1 14° 8.3 [3.8,8.5]° 8/2.8 3.3 6 2.4,52,74,92,275
D2 14 8.3 [3.8,8.5] 1.8/6.3 [5.5,6.1 5.4 2.4,52,7.2,10.5, 12,275
D3a 14 8.3 [2.7,85] 5.9/3.7 [2.8,84] 4.8 2.4,45,7.2,10.5,12,27.5
D3c 24¢ 7.6 [3.8,8.5] 5.9/3.7 [2.8,84] 4.8 2.4,4.5,7.2,10.5,12,27.5
D4 14 nd nd 3/9.6 nd 6 nd
D5 24¢ 8.3 [3.8,8.5] nd/7.8 16.5 5.6 2.4,59,7.2,12,27.5
D6 14 nd nd 6.3/2.8 nd 4.8 nd
D7 24 nd nd 4.7/6.3 nd 5.4 nd
D8 ’ 14 nd nd 6.3/6.3 nd 6 nd
D10 14 8.3 [3.8,8.5] nd/3.7 [2.8,84] 4.8 24,45,7.3, 12,185
D15 4 nd nd 3/3.3 nd 6 nd
D17 14 nd nd 3.7/3.7 nd 6 nd

2Pattern represents all five RLA-DRp genes.
b ize of DNA fragment in kb.
°[ ] Represents cleavage within an allelic form.

9 Additional hybridizing band due to another DP 8-like gene is observed (Sittisombut et al., 1989).

°Reported as the >27.5 kb band by Sittisombut et al. (1989).

"Reported as the [2.9, 8.4] kb fragments by Sittisombut et al. (1989), but are likely to be identical to the [2.8, 8.4] fragments of D3 haplotypes.
Reprinted from Sittisombut (1996), with permission. Copyright CRC Press, Boca Raton, Florida.
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kage of corresponding genes with the RLA-D locus
defined previously by MLR and classical genetic analysis
were established by using polyclonal antisera directed
against nonimmunoglobulin, polymotphic surface anti-
gens of rabbit lymphoid cells (Knight et al., 1980). A
monoclonal antibody (2€4), which strongly inhibited the
MLR and proliferative response to soluble antigens (Lobel
and Knight, 1984), precipitated from metabolically labeled
“-spleen cell lysate multiple a-chain and f-chain spots in
. two-dimensional nonequilibrium pH gradient electro-
: ‘phoretic gel (Knight et al., 1987). Most spots were homo-
logous to HLA-DQa or -DQf chains at the N-termini
whereas an a-chain spot resembled the HLA-DRa chain
(Knight et al., 1987). Following the cloning of the RLA-
DRa gene and several DRB genes (LeGuern et al., 1985:
Sittisombut and Knight, 1986; Laverriere et al., 1989;
Sittisomibut et al., 1989), an additional monoclone
(RDR34) was raised by immunization with transfected
cells expressing products of the RLA-DRa and RLA-DRj2
genes (Spieker-Polet et al., 1990).

Cross hybridization with human and murine class

Il probes identified homologues of the HLA-DQ, -
DP, -DR, -DO, and -DF genes in the rabbit genome
(Table V1.8.1). As shown by pulsed-field gel analysis, these
genes are located within approximately 630 and 1200 kb of
DNA, respectively, in the RLA-1 afid -2 haplotypes in the
following order: DP-DOB-DQ-DR (Chouchane and
Kindt, 1992). The RLA-A and RLA-D regions are closely
linked in a few rabbits examined (Chouchane and Kindt,
1992). Comparatively higher level of allotypic variation of
RFLP pattern was detected ih the RLA-DQuo gene (Table
VL.8.4). As a group, the RLA-DRf genes are quite poly-
morphic; distinct RFLP patterns of these genes also corre-
late with the RLA-D typing ddta in a liniited set of animals
tested (Table VI.8.4).

Based on the studies of inbred rabbits and rabbits
carrying known serologically defined and MLR-defined
haplotypes, RFLP analysis is sufficiently sensitive to distin-
guish 11 RLA-A alleles and 12 RLA-D alleles with available
DNA probes (Table VI.8.5) (Marche et al., 1989; Sittisom-
but et al., 1989). Additional RLA class I haplotypes ate
likely to exist in outbred colonies (Bayer et al., 1995) and

Table Vi.8.5 Listof probes and alleles/patterns detected by RFLP analysis

RFLP allelés/patterns
Number of alleles/
Locus Probe® Region Enzyme haplotypes tested  Alleles/patterns (kb)
Class | A
R9 19-1-3'(g) Exons 6-8 BamHl 10/10 10 pattefns of multiple fragments
(0.5 kb)® (See Table V1.8.3)
R27 R27-3' (¢) 3 uUT Bglll 5/10 3,4.4,56,7.2,10
(0.35 kb)
Class .
DPat DPo,DP«1 (g) Exons 2, 3¢ BamHl 3/12 4,14, 249
(0.6 kb)
DP«2 DP«2 (g) Exons 3, 4 Hinaill 2/6 7.6,8.3
(1.45 kb)
DPB DPB (g) Exon 3 EcoRl 2/6 [2.7, 8.5]° [3.8, 8.5]°
(2 kb)
DQuo DQ« (g) Exons 3, 4° Pvidl 6/10 1.8,3,4.7,5.9,6.3,8
(0.5 kb)
EcoRi 6/12 2.8,3.3,3.7,6.3,7.8,9.6
DQg DQg (g) Exon 3 Hindlil 4/6 [2.8, 8.4]° 3.3, [5.5, 6.1]%, 16.5
(2 kb)
DR« DRu {g) Exons 3, 4° EcoRl 4/12 2.4748,54,56,6
: (0.8 kb) ,
DRS 7.1-3'(c) Exon 3 and other BamHl 5/6 Five patterns of multiple
3’ sequences fragments (see Table V1.8.4)
(0.7 kb) :
DFa DN,RDF (g) Intron 4 and exon 4 Balll 4/10 2.7,4.7,8,10
(0.5 kb)

bgize.of probe in kb.

9Reported as the >27.5 kb band by Sittisombut et al. (1989).
°Represents cleavage within an allelic form.
TPresent in an outbred rabbit of unknown haplotype.

#Probes were derived from either genomic clone (g) or cDNA c;[one (c).

“Multiple similar probes have been employed but only the smallest probe is shown.

Reprinted from Sittisombut (1996), with permission. Copyright CRC Press, Boca Raton, Florida.



242

IMMUNOLOGY OF LAGOMORPHS

wild rabbits. However, many of the putatively novel RLA
class I and class Il RFLP alleles/haplotypes detected in New
Zealand White rabbits (Boyer et al., 1995) most likely
reflect heterozygosity among outbred animals.

Expression and tissue distribution

In the virally transformed RL-5 T cell line, at least four
class 1 genes are transcriptionally active. Various mRNA
species, 1.4, 1.9, 2.8 and 3.9 kb in size, are detected with a
conserved exon 4 probe (Tykocinski ez al., 1984; Rebierre
et al., 1987a). However, protein products of only one gene,
19-1, are demonstrated by precipitation with anti-f,-
microglobulin and two anti-class I monoclones (Kimball
et al., 1979; Wilkinson et al., 1982).

By employing the same class I exon 4 probe, the 1.4 kb
and 2.8 kb mRNA species are detected in thymus whereas
only the 1.4 kb form is present in lymph node and liver
(Rebierre et al., 1987a). Transcripts of the unusual gene
corresponding to pR27 are found in thymus but not in
brain, testis, lymph node, liver or muscle (Rebierre et al.,
1987a).

Relatively high levels of the mRNA transcripts of RLA-
DQa«, RLA-DQfS, RLA-DRa and RLA-DRf genes are
present in rabbit spleen; the RLA-DPal, RLA-DPa2 and
RLA-DPS mRNA are much less abundant (Kulaga et al.,
1987; Spieker-Polet ez al., 1990). These class I mRNA are
also detected in bone marrow, appendix, lymph nodes and
thymus (Kulaga et al., 1987). The RLA-DOfS mRNA are
found at low levels in appendix, spleen and lymph nodes
(Kulaga et al., 1987).

Among the class II RLA proteins, the RLA-DQu and
RLA-DQp chains are readily identifiable from rabbit
spleen by 2C4 monoclone (Knight et al., 1987). They are
also induced in RL-5 cells productively infected with
HTLV-1 (Zhao et al., 1995). Expressibility of the RLA-
DR and RLA-DP genes has been examined by transfecting
corresponding genes into the A20 B-lymphoma cell line.
With the RLA-DRo and RLA-DRS2 genes, stably trans-
fected cells are recognized by the monoclonal antibody
RDR34, which stained about 50% of rabbit spleen cells
similar to 2C4 (Spieker-Polet et al., 1990). Although other
RLA-DRJ genes have not yet been tested by transfection,
transcripts of the RLA-DRfS1 and RLA-DRS3 or RLA-
DR f4 genes can be found in rabbit spleen (Spieker-Polet et
al., 1990) and cDNA clone derived from the -DR 84 gene is
isolated (Sittisombut, 1987). Cell surface expression of the
RLA-DP proteins has not yet been observed. In the RLA-
D10 haplotype, this may be due to unfavorable nucleotides
surrounding the first AUG codon of the RLA-DP mRNA
(Sittisombut et al., 1988).

Disease association

Regression and malignant conversion of virus-induced
papilloma are associated with specific alleles of RLA

genes (Han et al., 1992). Shope cottontail rabbit papillo-
mavirus infection in rabbits results in skin warts which
may regress spontaneously or progress into malignant
lesion. Regression occurs in 10-40% of papilloma-bearing
domestic rabbits whereas epidermoid carcinoma develops
in ‘as high as 73% (Syverton, 1952; Kreider and Bartlett,
1981). These changes are associated with contrasting
histological features and systemic immunologic responses
(Okabayashi et al., 1991, 1993; Lin et al., 1993; Selvaku-
mar et al., 1994; Hagari et al., 1995) which may reflect
differential expression of viral genes (Zeltner et al., 1994).
In New Zealand White rabbits, significant association
between early papilloma regression and the 5.6 kb
(EcoRI) RLA-DR« allele and the 3.0 kb (Pvuil) RLA-DQa
allele is evident (Han er al., 1992). In contrast, malignant
conversion is associated with the 1.8 kb (Pvull) RLA-DQu
allele. The association of RLA system with papilloma
progression is parallel to the linkage between HLA-
DQw3 and carcinoma of the cervix in human (Wank and
Thomssen, 1991; Helland et al., 1992; Apple et al., 1994;
Gregoire et al., 1994).

Species-specific aspect

The second exon of the RLD-DPS gene in the RLA-D10
haplotype contains a complex deletion/insertion mutation
(Sittisombut et 4l., 1988) which is absent from known
HLA-DP§ alleles (Marsh and Bodmer, 1995) but resembles
the ones found at similar position of the H-2Af1 gene of
five mouse strains (Estess et al., 1986; Acha-Orbea and
McDewitt, 1987). This mutation is assumed to occur by a
gene conversion-like event after speciation (Sittisombut et
al., 1988), but it is possible, according to the trans-species
hypothesis of MHC evolution (Klein et al., 1993), that
such mutations occur in 2 member of the pool of ancestral
class II B genes which existed even before mammalian
diversification. The RLA-DPS allele and the H-2Af1
alleles bearing a similar mutation descend from the
mutant allele whereas the HLA-DP alleles derive from
another f allele in the same pool.

9. Rabbit Blood Groups

The rabbit blood group system was first described by
Levine and Landsteiner (1929) and the genetics of the
system were first examined by Castle and Keeler (1933).
From the mid-1950s to the late 1970s, numerous papers
describing the serology, biochemistry and genetics of
rabbit blood groups appeared authored by Carl Cohen
and Robert G. Tissot. Drawing from this large body of
work, Cohen (1982) summarized the cellular antigen
systems, including the red cell antigens, of the rabbit.

The rabbit blood group system is summarized in Table
VI1.9.1. To date, all markers have been identified serologi-
cally in direct hemagglutination (HA) assays using trypsin-
treated target red cells.
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able VI.9.1 Rabbit blood groups

Table VI.9.3 Associative epitope summary

Number of Detection
Alleles phenotypes method
Hg", Hg®, HgF 6 Direct HA
HbB, HEM 3 Direct HA
Hc®, Hc- 3 Direct HA
He, he 2 Direct HA
Hh, hh 2 Direct HA
Hg® Hg®S, Hg® 3 Direct HA
HuY, HJ" 3 Direct HA

2Modified from Cohen (1982).

The Hq blood group system was originally thought to
consist of two alleles, Hg® and Hg®, but later studies
(R. G. Tissot, unpublished data) showed that Q and S can
also be found in the same haplotype. No rabbits have
been found lacking both Q and S.

The Hg blood group system in the rabbit was the most
thoroughly studied of the seven rabbit blood groups. The
Hg system has strong biochemical and genetic resem-
blances to the human Rh system. Twelve antisera were
produced defining red cell antigens coded at the Hg locus.
Five antisera were produced which recognized epitopes (I,
J, T, V, and W), which presumably resulted from inter-
actions between products of the Hg*, Hg" and/or Hg"
alleles. Three antisera recognized epitopes (K, P, and R)
shared between products of the Hg”, HgP and/or Hg"
alleles. The Hg blood group system is summarized in
Table VI.9.2. One antiserum, defining blood group N,
was produced with specificity for antigens on the red blood
cells of one litter of inbred rabbits which should have been
blood group Hg®, based on their parentage, but whose red
cells failed to react with standard anti-Hg® typing serum.
Unfortunately, this litter of rabbits failed to reproduce and
the unique N blood group was never identified again.
Thus, the unique twelfth Hg blood group N is not included
in Table VI.9.2.

Table VI.9.3 summarizes the known combinations of
epitopes recognized by the five antisera which detect the
‘associative’ or ‘interactive’ epitopes which can be detected
only when the appropriate combinations of epitopes are
present on the red cell.

In summary, seven rabbit blood groups are known. The
most widely studied of these is coded at the Hg locus and

Table V1.9.2 The rabbit Hg blood group

Reactions with typing sera: anti-

Genotype A D F K P R
Hg"/Hg" + - — - + 4+
Hg®/Hg® - + — + - +
Hg/Hg" — - + + + -
Hg*/Hg" + - + + + +
Hg®/Hg" — + + + + +
Hg"/HgP + + - + + +

Antiserum Epitope combinations detected
Anti-| A/D
Anti-J K/R
Anti-T A/K
Anti-V P/D
Anti-W A/A

consists of three codominant autosomal allelic genes, Hg",
HgP and Hg". These code for six major phenotypes (A/A,
A/D, A/F, D/F, D/D, and F/F). The antigens described by

Cohen (1982) using the anti-l, -], -T, -V, and -W antisera

appear to be epitopes formed by associations of the
products of the Hg*, Hg® and/or Hg® alleles. Epitopes
defined by the anti-K, -P, and -R antisera are shared
between products of the Hg", Hg® and/or Hg" alleles.

Rabbit blood groups remain of interest for the same
reason that they originally were studied: the blood groups
serve as the best and most convenient small-animal model
for human blood group studies, particularly for the human
Rh blood group with which the rabbit Hg blood group
appears to be phylogenetically analogous. Recent studies
to recreate and to refine the rabbit model of hemolytic
disease of the fetus/newborn based on the Hg blood
groups have been successful (Moise et al., 1992, 1994,
1995a,b) and homozygous breeding stock have been
reestablished. The rabbit Hg blood group recently pro-
vided the model leading to successful isolation of human
Rh D antigen in a soluble, serologically active form (Yared
et al., in press).

10. Passive Transfer of Immunity

An excellent review of the anatomy and development of
fetal membranes, uterine development and implantation
structure of the placenta, yolk sac, chorion, amnion and

allantois, and transmission to fetal circulation can be
found in Brambell (1970).

11. Nonspecific Immunity

Defensins, antimicrobial and cytotoxic peptides produced
by mammalian cells have been studied in rabbit models of
several infectious diseases (reviewed by Leherer et al.,
1993). ‘

12. Complement

The information available on rabbit complement is sum-
marized in Tables V1.12.1 and VI1.12.2.
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Table VI.12.4 Complement components in the rabbit
Pathway
Symbol Name Function/characteristics Molecular mass (kDa) Genes
Classical pathway ,
C4 c4 A component of the C3 and C5 292, B78, y27 (Dodds and
, convertase of the classical pathiway. Law, 1990); «90, B75, y32
Combines with C2/Thitlester-containing  (Takata et al., 1985)
struetural protein. Single binding
specificity (human C4B-like).
Incompatibility between rabbit C4 ard
human C2/guinea pig G2 (von Zabern,
1988)
c2 c2 Cleaves C3 and C5/serine protease. Upstream sequence
Incompatibility between rabbit C2 and element (USE) for the poly
humian C4/guinea pig C4 (von Zabern, A site (PGR amplification)
1988) (Moreira et al., 1995)
Alternative pathway
C3 c8 Attaéhes covalently after proteolytic 171 (@123, B70) (Gielas et C3a chain cDNA 2182 bp;
activation genérates metastable C3b. al., 1981);195 (Horstman 726 amino acid residues.
C3b fragment is part of C3/C5 and Miller-Eberhard, 1985);  This region shares 78%
convertase. Combines with C5/ o116, 72 (Peake et al., similarity with the human
Thiclester-containing structural protein.  1991); a115, 72 (Komatsu  and mouse sequences
Half life is 29 h. Functional catabolic et al., 1988); «119, 72 with conservation of the
rate is 4.3%/h (Peake et al.,, 1991) (Alsenz et al., 1992) cysteinyl residues (Kusano
Functional cataboiic rate is ~ Serum C3 concentratién: et al., 1986)
2.7 + 0.3%/h. Synthesis rate is 880 pug/mi (range 610-1120)
1.0 + 0.2 mg C3/kg/h (Manthei et al., (Horstman and Miller-
1984). Eberhard, 1985)
C3o contains the binding sites for factor Piasma C3 concentration
H, properdin, CR2, CR3 and the factor |~ 1.23 + 0.3 mg/ml (Manthei
cleavage sites. etal.,, 1984)
Rabbit C3 binds human factor H, CR1,
CR2, and MCP (Becherer et al., 1990).
Rabbit C3 contains Con A-binding
carbohydrates in both o- and f-chains.
Rabbit C3 binds human factor H, CR1,
and CR2 (Alsenz et al., 1992).
Total carbohydrate content is half that of
human H. Compatibility between rabbit !
C3b and human B (Horstman and
Miiller-Eberhard, 1985).
B Factor B Binds to C3b forming the precursor of 85; Serum concéntration is
the C3/C5 convertase (C3b,Bb)/Bb 89 pg/mi (range 68-108)
subunit of this complex is a serine (Horstman ahd Miller-
protease. Rabbit C3b,Bb ehizyme Eberhard, 1985)
resembles the human analogue with '
respect to half-life, coritrol by Factor H,
and stabilization by nickel ions.
Compatibility between rabbit B and
human D (Horstman and Miiller-
Eberhard, 1985)
H Factor H Inactivates the C3/C5.convertase by 155; Serum concentration
dissociating its subunits; also a cofactor  is 128 ug/ml (range 83-185)
for factor I/Serine protease. Total (Horstman and Miiller-
carbohydrate content is half that of the Eberhard, 1985)
human H (Horstman and Multer-
Eberhard, 1985)
{continued)






