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ABSTRACT

MURINE B LYMPHOCYTE GROWTH REGULATION 
A study of host defence factors and their mimicry by Mycoplasma arginini

Erik Ruuth, Department of Applied Cell and Molecular Biology, Umeå University,
S-901 87 Umeå, Sweden.

Immune responses are the result of extended clonal growth and maturation of 
specific precursors preexisting in low frequencies. Clonal expansion is partly controlled 
by soluble factors, thus, their identification is essential for the understanding of the 
immune response regulation. I describe a T-T hybridoma (TUH-3) produced B cell 
growth factor (BCGF or B cell stimulating factor, BSF), distinct from T cell growth 
factor, supporting the growth of lipopolysaccharide (LPS)-preactivated B cell blasts. 
BCGF was unspecific with respect to Ag, MHC or Ig haplotypes and was poor in 
supporting the development of Ig-secreting plaque-forming cells (PFC) in B cell blast 
cultures. The producer hybrid was unstable. Later produced BCGF/BSF-secreting 
hybrids were shown to be contaminated with Mycoplasma arginini and the BCGF/BSF 
cosedimented with the microorganism. The M. arginini BSF-like activity fulfilled all of 
the above mentioned criteria of a lymphokine. Thus, a host-parasite relationship with M. 
arginini mimicking the effects of a BSF on B cells was recognized. In the thesis I adress 
questions concerning the identity of the hybridoma factor, the existence of growth factors 
for LPS-preactivated B cells and design experiments to define molecules on mycoplasma 
with lymphokine-like activity.

Comparison of in vivo effects showed that M. arginini or TUH-3 conditioned 
medium (CM) differed in parameters as cell growth in bone marrow and spleen and 
antibody isotype expression. The TUH-3 factor is thus concluded to be distinct from the 
effect of the mycoplasma contamination.

In studies of CM from concanavalin A stimulated murine spleen cells a factor 
supporting the growth of LPS-preactivated murine spleen B cells was found as a highly 
acidic B cell growth stimulatory activity. It was distinct from other known factors and 
interleukins (IL) based on its biochemical properties. Furthermore, it was shown that 
none of the recombinant DLs, alone or in combination, were able to support the growth of 
LPS-preactivated B cells. Thus, we conclude that we have identified a growth factor 
specific for LPS-preactivated B cells.

Mycoplasmas are a heterogeneous group of prokaryots causing a wide variety of 
diseases, amongst others, reumatical and autoimmune disorders. Since M. arginini 
induced a lymphokine-like effect it was hypothesized that this was due to molecular 
mimicry of a lymphokine. We have been able to isolate four membrane bound acyl 
proteins, which support the growth of LPS-preactivated B cells. These proteins were 
shown to be distinct by peptide mapping and to have lipids attached. Since there are 
several other acyl proteins, which do not support the growth of LPS-preactivated B cells, 
it is concluded that these proteins show a previously undescribed specificity.
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arginini / membrane acyl protein
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MURINE B LYMPHOCYTE GROWTH REGULATION 
A study of host defence factors and their mimicry by Mycoplasma arginini

Erik Ruuth, Department of Applied Cell and Molecular Biology, Umeå University,
S-901 87 Umeå, Sweden.

Immune responses are the result of extended clonal growth and maturation of 
specific precursors preexisting in low frequencies. Clonal expansion is partly controlled 
by soluble factors, thus, their identification is essential for the understanding of the 
immune response regulation. I describe a T-T hybridoma (TUH-3) produced B cell 
growth factor (BCGF or B cell stimulating factor, BSF), distinct from T cell growth 
factor, supporting the growth of lipopolysaccharide (LRS)-preactivated B cell blasts. 
BCGF was unspecific with respect to Ag, MHC or Ig haplotypes and was poor in 
supporting the development of Ig-secreting plaque-forming cells (PFC) in B cell blast 
cultures. The producer hybrid was unstable. Later produced BCGF/BSF-secreting 
hybrids were shown to be contaminated with Mycoplasma arginini and the BCGF/BSF 
cosedimented with the microorganism. The M. arginini BSF-like activity fulfilled all of 
the above mentioned criteria of a lymphokine. Thus, a host-parasite relationship with M. 
arginini mimicking the effects of a BSF on B cells was recognized. In the thesis I adress 
questions concerning the identity of the hybridoma factor, the existence of growth factors 
for LPS-preactivated B cells and design experiments to define molecules on mycoplasma 
with lymphokine-like activity.

Comparison of in vivo effects showed that M. arginini or TUH-3 conditioned 
medium (CM) differed in parameters as cell growth in bone marrow and spleen and 
antibody isotype expression. The TUH-3 factor is thus concluded to be distinct from the 
effect of the mycoplasma contamination.

In studies of CM from concanavalin A stimulated murine spleen cells a factor 
supporting the growth of LPS-preactivated murine spleen B cells was found as a highly 
acidic B cell growth stimulatory activity. It was distinct from other known factors and 
interleukins (IL) based on its biochemical properties. Furthermore, it was shown that 
none of the recombinant ILs, alone or in combination, were able to support the growth of 
LPS-preactivated B cells. Thus, we conclude that we have identified a growth factor 
specific for LPS-preactivated B cells.

Mycoplasmas are a heterogeneous group of prokaryots causing a wide variety of 
diseases, amongst others, reumatical and autoimmune disorders. Since M. arginini 
induced a lymphokine-like effect it was hypothesized that this was due to molecular 
mimicry of a lymphokine. We have been able to isolate four membrane bound acyl 
proteins, which support the growth of LPS-preactivated B cells. These proteins were 
shown to be distinct by peptide mapping and to have lipids attached. Since there are 
several other acyl proteins, which do not support the growth of LPS-preactivated B cells, 
it is concluded that these proteins show a previously undescribed specificity.

Keywords: B lymphocyte / growth / lymphokine / lymphokine-like / host-parasite / M. 
arginini / membrane acyl protein

New Series No 238 -ISSN 0346-6612



3

PUBLICATIONS

This thesis is based on the following publications and manuscript, which will be referred 

to by their Roman numerals:

I. Leanderson, T., Lundgren, E., Ruuth, E., Borg, H., Persson, H. and 
Coutinho, A. B-cell growth factor: distinction from T-cell growth factor and B-cell 
maturation factor. ProcNat. Acad. Sei. USA, 1982, 79, 7455.

II. Ruuth, E., Praz, F. and Lundgren, E. Biochemical characterization of B cell 
stimulatory factors for lipopolysaccharide-preactivated B cell blasts: distinction from other 
known lymphokines. Lymphokine Res., 1988,7, No 4, in the press.

III. Praz, F. and Ruuth, E. Growth-supporting activity of fragment Ba of the 
human alternative complement pathway for activated murine B lymphocytes. J. Exp. 
Med. 1986, 163, 1349.

IV. Ruuth, E., Rånby, M., Friedrich, B., Persson. H., Goustin, A., 
Leandersson, T., Coutinho, A. and Lundgren, E. Mycoplasma mimicry of lymphokine 
activity in T-cell lines. Scand. J. Immunol. 1985, 21, 593.

V. Ruuth, E. and Lundgren, E. Enhancement of immunoglobulin secretion by 
the lymphkine-like activity of a Mycoplasma arginini strain. Scand. J. Immunol. 1986, 
23, 575.

VI. Ruuth, E., Wieslander, Å. and Lundgren, E. The lymphokine-like activity of 

Mycoplasma arginini is associated with membrane-bound acyl proteins. Submitted for 
publication.



4

INTRODUCTION

1. PREFACE
1.1 General outline
This thesis is concerned with the growth of B lymphocytes. The approach has been 

to identify different entities which induce growth of the B lymphocytes. The work has 
several point of contact with immunology, cell biology and microbiology. The aims of 
this thesis are: i) to provide a general background to the presented investigation; ii) to 
present additional data which adds to the overall picture of the published results.

1.2 Historical regard
If immunology is defined as the desire of the human species to understand and 

protect itself from disease, then the discipline is an old one. Many cultures have evolved 
behaviours or traditions which can be interpreted today as being functional in this respect. 
However, contemporary immunology as we understand it is based on the findings made 
essentially during the last two centuries, and in particular during the last 30-40 years.

The pioneers of the study of the immune system, Jenner (1798), Pasteur (1880), 
Behring and Kitasato (1890), were basically interested in the protection of the humans 
against disease and identified factors in serum that counteracted the effects of a disease- 
causing agent eg. diphteria toxin. They called these substances antitoxins. Since 
antitoxins were supposed to be the host defence, it caused some confusion when 
antitoxins where found in the serum of normal healthy individuals. In 1930 a general 
agreement was reached to call antitoxins antibodies.

The specificity of antibodies remained an intriguing question. As early as in 1900, 
Ehrlich presented his theory on antibody formation, suggesting that an antigen (Ag) will 
fit a complementary antibody (Ab) like a key-in-a-lock (selection theory). Breinl and 
Haurowitz (1930), argued that an Ag instructs or determines the formation-structure of an 
Ab to fit it, a model later modified by Pauling (1940).

The present concept of lymphocytes was bom when Fagreus (1948) demonstrated 
that these cells were the ones responsible for the Ab production. Jerne (1955) presented 
his natural selection theory, which was modified by Burnet (1957) as in the clonal 
selection theory. This was the birth of the modem concept of lymphocytes, as resting cell 
that express receptors for Ag on their surface and which can be expanded clonally. Burnet 
also postulated that one Ab producing cell will only be able to present one variable (V)- 
region specificity and on clonal expansion all the progeny will produce Ab with the same 
specificity as the progenitor.
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2 THE LYMPHOID SYSTEM AND ITS COMPONENTS
Immunology is traditionally regarded as the study of the defense mechanisms 

against disease and to be in good health is nowadays considered as a human right; a point 
of view which is neither old nor generally accepted. In fact, good health is very much 
dependent on factors such as correct nutrition and environment and a such is rather remote 
from the level at which basic science works. One of the most effective defence systems 
we have to mantain individual integrity, is mechanical, i. e. skin and mucous membranes. 
Passive biochemical barriers of the serum, such as the iron binding capacity of ferritin 
(competes with bacteria for iron binding), proteases and hydrolases are followed by 
biochemical responses upon stimulation, such as the ”protective" production of 
superoxide ion (a reactive component that may kill bacteria); however, the action of these 
barriers are not very specific. Biochemical cascade systems such as the complement (C) 
and the coagulation systems, are more specific and interact with the specific cellular 
responses. The C is activated specifically and its effector functions are also specific. 
However, C is not adaptable nor variable. Adaptability and variability are the most 
characteristic features of the lymphoid system, enabling it to respond to any antigen. To 
accomplish its functions, the lymphoid system interacts with several other cellular 
systems. Optimal functioning of lymphocytes is dependent on the presence of, so far ill- 
defined accesory cells. The best known are the macrophages which have a multitude of 
functions and will be mentioned again later.

2.1 T cells
T cells are responsible for the cellular immunity. T cell precursors migrate from 

the bone marrow to the thymus (Miller, 1961; Raff, 1970). In the thymus selection and 
maturation takes place, as indicated by the high turnover rate of lymphocytes, the 
frequency of mature to immature cells and the sequential evolution of T cell surface 
markers (Miller et al., 1967; Ceredig et al., 1982). The exact mechanism for this 
turnover, selection and maturation is not clear.

T cells can be divided in different groups. T helper (Th), T cytotoxic (Tc) and T 
suppressor (Ts). Th cells are recognized by the presentation of the CD4 Ag on their 
surface (Shortman et al., 1975). Th cells can be subdivided into two classes, Thl and 
Th2, on the basis of functional criteria which will be presented later (Mosman et al., 
1986). Th cell effector functions are mediated by cell to cell contact and by the production 
of regulatory molecules for other lymphocytes as well as by hematopoietic cells from 
other lineages. Tc and Ts cells present the CD8 Ag on their surface (Cantor et al., 1975). 
Tc cells take care of the elimination of virus-infected cells and tumor cells. Ts cells are not 
really well distiguished from the Tc cells, it has in fact been claimed that these Ts are a 
variant of Tc (Swain, 1983; Wettstein et al., 1979; Möller, 1975). Another criteria for
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differentiating between Th and Tc is their interaction with the major histocompatibility 
complex (MHC) (Swain, 1983; Rosenthal et al., 1973).

T cell effector function specificity is ensured by the presence of recognition 
structures on the surface of the cells. The T cell receptor for Ag (Ti) is composed of two 
different polypeptide chains that can join either as aß or 5y. The expression of these 
heterodimers is dependent on the differentiation stage. The 5y chains are expressed earlier 
in the differentiation of the T cells and on CD4/CD8 Ag negative cells. The aß chains are 
expressed on mature T cells (rev. in Davis et al, 1988, and ref. therein).

2.2 B cells
2.2.1 B cell ontogeny

Hematopoietic stem cells (HSC) migrate into the fetal liver at around the ninth day 
of embryonic life (Wu et al, 1968; Abramson et al, 1977). The first p+ pre-B cells are 
found around day 12 after gestation and increase in number exponentially over the next 
few days (Raff et al, 1976). Some of the cells start to express Ab light chains at day 17 
of gestation and thus become IgM+(Owen et al., 1974). The burst of B cell production in 
the liver is followed by a short lived wave of production in the spleen, thereafter the bone 
marrow is the permanent source of B cells as in the adult animal (Velardi et al, 1984). It 
has been calculated that it takes a minimum of 10-12 days for a HSC progenitor to 
become a plasma cell, the first 7-8 days to form a B cell and the last 3-4 days to form a 
plasma cell after response to LPS (Cooper, 1986).

The expression of B cell surface Ags reflects particular differentiation stages, see 
Table 2.1 (from Hood et al.1984). It should be noted that Thy-1, which is expressed at 
low levels on very early HSC, is not taken up in Table 2.1. B-220 is expressed by early 
and mature B lineage cells but can be found on some cytotoxic T cells (Holmes et al., 
1988). BP-1 is a marker that appears at approximatly the same time as B-220, but is 
restricted to immature B cell lineage cells (Kincade, 1987). Other cell surface Ag that 
appear are MHC class II Ag, complement receptors, Fc receptors and the Lyb-1 Ag.

During B cell differentiation an ordered sequence of events is observed in the 
immunoglobulin (Ig) genes; which is briefly described here, for a more detailed 
description please see section 3.1. A diversity (Dh) gene segment is coupled to a joining 
(Jh) gene segment of the Ig heavy (H) chain, on both chromosomes (reviewed in 
Tonegawa, 1983). Next, a variable (Vh) gene segment is joined to the DJh on one 
chromosome. Only if this recombination event is non-productive, will the other allele 
recombine, a process known as allelic exclusion (Pernis et al, 1965). A correct VDJh 
rearrangement results in p-chain secretion and the start of Vl-Jl rearrangements in one 
allele of the K light (L) chain gene loci. Once again, rearrangment only occurs on the other
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allele if the first was not successful. Finally, if the k chain recombinations are not 
successful, continued recombinase activity will try to rearrange the X light chain locus.

Cell-Surface Markers for Mouse B Cells

Marker Name

B220 ThB Lyb-2 Lyb-3 Lyb-4 Lyb-6 la FcR C3R Pc-1

Molecular weight3 220 ? 45 70 45 45 28,33 20 7 70

Cell type
Pre-B + + ± — — — — — — —
B, + + + 7 + + + + + —
Bn+i + + + + + + + -1- + —
Plasma cells 4- + ? 7 7 7 7 +

'Molecular weights are expressed in kilodaltons.

Table 2.1

2.2.2 B cell lineages
It has become clear that B cells differentiate along two separate pathways. The 

conventional lineage includes the majority of the B cells while the minority lineage is 
composed of B cells which present the Lyb-1+ Ag on their surface (reviewed in 
Hayakawa etaL, 1988; and Herzenberg et al., 1986).

Conventional B cells are produced in the bone marrow and are found in the 
spleen, lymph nodes, and in the circulation. These B cells produce Ab in response to Ag 
and present IgM and IgD on their surface. The intravenous administration of anti-IgM or 
anti-IgD Ab inhibits the formation of conventional B cells, but the production of B cells 
restarts when the treatment is stopped.

Lyb-1+ B cells are mostly found in the peritoneal cavity (10-40% of cells), and to 
a lesser extent in the spleen (less than 1% of all cells). Lyb-1+ cells are not detectable in 
lymph nodes, bone marrow, thymus or Peyers Patches. Morphologically, Lyb-1+ cells 
have a large nucleus, scanty and granular cytoplasm, they are bigger than conventional B 
cells but smaller than mitogen activated B cells. They express high levels of IgM on their 
surface and low levels of IgD in contrast to small conventional B cells that express high 
levels of IgD and lower levels of IgM. The presence of Lyb-1+ cell is irreversibly 
suppressed by anti-IgM, but not by anti-IgD. Reconstitution of depleted Lyb-1+ cells can 
only be done using peritoneal cells or by fetal liver and not by adult bone marrow. The 
Lyb-1+ B cells have been proposed to produce autoantibodies, to be overrepresented in 
tumors, to not respect the allelic exclusion and to change the VH gene usage.
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2.2.3 Population, regulation and network
The numbers of lymphocytes in an adult organism is kept constant. Freitas et al. 

(1981) have shown that a large proportion of the B cells are renewed each day, 
suggesting that 90% of the immunocompetent B cells are shortlived and have a life- 
expectancy of about four to seven days. The remaining 10% are longlived, with a varying 
life expectancy from ten days to three months.

A balanced dynamic system offers an alternative explanation to immunological 
memory, which has been postulated to be mediated by specialized memory cells (Miller et 
al., 1971). A given system in dynamic equilibrium will produce a number of specificities 
which constitute the balance within the system. A shift in the balance, by the introduction 
of an Ag, will, if perpetuated, induce autonomous cycles with new specificities which 
may resemble memory (Jeme, 1984).

The immune system has the capability to respond to any Ag known or unknown in 
nature. Experimentally this was shown by Landsteiner (1962) and theoretically put in 
context by Jeme (1984). If one considers the number of different Ab, with different 
specificities, that can be generated, the number of possibilities is greater than the number 
of cells existing at any time in the lymphoid system. This overcapacity has been named 
the potential repertoire and denotes all the possible combinations that could arise in an 
individual. The number of V-regions present in an immune system at a given time 
represents the available repertoire. The actual repertoire is composed of the different V- 
regions that are used at any given moment. The ability to recognize any Ag using only the 
actual repertoire is provided by the degeneracy of Ab-Ag recognition (Tonegawa, 1983; 
Seising, 1981; Gearhart et al., 1983; Weigert et al., 1980).

3. RECOGNITION STRUCTURES
Specific humoral immunity in vertebrates is mediated by immunoglobulins (Ig) that 

are secreted by B cells. When Ig chains were first sequenced, it was proposed that all the 
Ig chains had evolved from a primordial gene coding for about 100 amino acids (aa). (Hill 
et al., 1966; Edelman, 1970). In the 1980s, the sequencing of many cell surface Ags led. 
to the recognition of the Ig-related family of molecules including, amongst others: the T 
cell receptor for Ag, MHC class I and II Ag, Thy-1, poly Ig receptor, platelet derived 
growth factor receptor and leukocyte function associated Ag (Williams et al., 1988).

3.1 Immunoglobulins
There are three families of mamalian Ig genes, one H and two L chains, encoded by 

gene complexes localized on chromosomes 12 (H-chain, Meo et al., 1980), 6 (k light 
chain, Swan et al., 1979), and 16 (X light chain, D'Eustacchio et al., 1981). The V part 
of the L chain is encoded by two gene segments, the variable (Vl) and the joining (Jl)



9

genes. The V part of the H chain is encoded by Vh and Jh gene segments and diversity 
(Dh) gene segments. The V, D, J regions and constant gene segments of Ig gene are 
encoded in a gene clusters, separated by noncoding intervining sequences (Hozumi et al., 
1976; Tonegawa et al., 1976; Sakano et al., 1979). There are 2 known Å.Vl, some 300 
kVl, and some 1,000 Vh gene segments. Vh segments characterized, thus far, have been 
divided in nine families on the basis of relatedeness at the nucleotide sequence level. The 
D-, J- and constant- gene clusters contain rather few segments (reviewed in Alt et al., 
1987; Yancopoulos etal., 1986; Tonegawa, 1983).

Recombination is facilitated by site-specific recognition sequences that flank all 
germaline variable region segments and consist of a highly conserved palindromic 
heptamer, a nonconseved spacer of 12 or 23 bp and a conserved nonamer (Tonegawa, 
1983). Thus Jh is joined to Dh forming a DJh segment. Vh is then rearranged to the 
DJh- VH segments from the Jh proximal Vh family are utilized preferentially in V to DJ 
rearrangements (Alt et al., 1987);

I«BreS vk1 vk2 Vkn jk1_5 Ck

VA1 v\2 jA1^1jA3c^3 JA2^

^ vm VH2 vHn PHl-n ^ JH1-4 C_y3 c_y1 ^b^aje Sx

TCR-genes ^ n nbeta jj|1 j1 - °B1, |B1 [ Cg ^2| ~^| ^f2

Va1 va2 vonalpha
Ja1-n
HI—H/-B-

Fig. 3.1

In mouse, the H chain constant region consists of 8 different constant genes with a 
chromosomal order 5'to 3' of jli,8, y3, yl, y2b, y2a, e and a (Honjo et al, 1978; Early et 
al. 1979; Roeder et al., 1981)(Fig. 3.1). The productive joining of the VDJh complex to 
constant^, leads to the secretion of a ji chain, which turns off the other allele, and to the
sequential Vl to Jl joining at each locus (Reth et al., 1987). Production of complete Ig
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molecules is the putative signal that causes cessation of further rearrengement and leads to 
light chain isotypic (k versus X) and allelic exclusion (Alt et al., 1980)61).

The constant jli constant region can be replaced by downstream constant regions 
during the maturation of a B cell; this phenomenon, termed isotype or class-switching 
(Yaoita et al., 1980; Rabbits et al., 1980; Davis et al, 1980), is facilitated by switch (s)- 
regions (Kataoka et al., 1980, 1981). Isotype switch is sequential and leads to the 
deletion of the intervening DNA. However, double producers have been observed for 
IgM/IgE (Yaoita et al., 1982), IgM/IgA and IgG/IgA (Perlmutter et al., 1984), IgM/IgG 
(Lafrenz et al., 1986) and IgM/IgD (Maki et al., 1981; Moore et al., 1981), and it has 
been proposed that in these cases the DNA has not been deleted and both are produced by 
post-transcriptional processing (Maki et al., 1981; Moore et al, 1981). Isotype switching 
was proposed by Nossal et al. (1964); later, analysis of limiting dilution suspension 
cultures left no doubt on the existence of isotype switching in dividing B cell clones 
(Andersson etal, 1978; Cooper etal, 1972).

GENETIC MAP OF THE MOUSE H-2 COMPLEX ON CHROMOSOME 17
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3.2 Major histocompatibility complex
Initially, MHC was defined as the gene complex responsible for the allograft- 

rejection in inbred strains of mice (Gorer, 1938). The murine MHC, designated 
histocompatibility-2 (H-2) (Snell, 1948), is located on chromosome 17 (Gorer et al., 
1948) and encodes three different types of molecules in various gene clusters. The classl 
gene products, the K , L and D transplantation antigens, are present on all nucleated cells 
in the body, while the class II or I-region products, the I-A and I-E surface Ags are 
present mainly on B cells and macrophages. The class III genes in the H-2 region encode 
serum proteins involved in the complement system. The class I and II genes are highly 
polymorphic (Klein et al., 1981, 1982), the probability to find two non-related human 
beings with identical sets of class I and II alleles is less than about one in a billion. Thus, 
the MHC genes ensure a high degree of individuality within a species.

The importance of the MHC molecules in cell mediated immune responses was 
demonstrated by several groups during 1973 to 1975. It was found that T cells primed in 
vivo with Ag required Ag and H-2 compatible macrophages to be restimulated to 
proliferate in vitro (Rosenthal et al., 1973). That Th cells mediated help only to H-2 
compatible B cells (Katz et al., 1973), and that virus specific cytotoxic cell lines (CTL) 
only lysed H-2 compatible virus infected cells (Zinkernagel et al., 1974). Shortly 
afterwards it was shown that CTL and Th cells recognize Ag in association with class I 
(K and D) or class II (I-region) molecules, respectively (Bevan, 1977; Kappler et al., 
1978; Miller et al., 1975, Swain, 1983; Katz et al., 1975; Zinkernagel et al., 1975; 
Martinez-A et al., 1980). This T cell recognition resquirement for histocompatibility is 
referred to as MHC-restriction.

3.3 T cell receptor for antigen
The T cell receptor (TCR) for Ag has been characterized as a disufide linked 

heterodimer consisting of two chains , a and ß, each with a Mr of 40,000-50,000 
(Kappler et al., 1983; Meuer et al., 1983 a,b: Samelson et al., 1983). The variable a and 
ß chains are on the cell surface coupled to the polypeptide chains of the CD3 complex 
(Borst et al., 1983; Meuer et al, 1983). It is well established that both Ag recognition and 
MHC restriciton are mediated by the a and ß chains (Kronenberg et al, 1986) wheras the 
CD3 complex seems to participate in the signal transduction process (Burnset al., 1980; 
Chang et al, 1981; Oettgen et al., 1985: Reinherz et al., 1982; Rosoff et al., 1985). The 
genes coding the a chain (Chien , 1984; Saito , 1984) and the ß chain (Hedrick et 
al., 1984; Yanagi et al., 1984) have been isolated. Furthermore, the genes for two 
additional chains yand 6 have been isolated (Chien et al., 1987; Hayday et al, 1984); 
their expression and physiology are under intensive investigation. The gene families



encoding the TCR chains are organized in a similar manner to the Ig genes. The a gene 
family consists of 50-100 V gene segments, at least 20 J gene segments and a single 
constant gene. The ß chain is encoded by 20-30 V gene segments followed by two 
clusters consisting of multiple D and J segments and a constant gene. During T cell 
differentiation V, D, and J segments are joined to form a complete V gene (reviewed in 
Kronenburg et al., 1986; Davis et al, 1988)

4. ACTIVATION, GROWTH AND MATURATION
Growth is a fundamental process that is a primary characteristic of all living 

organisms. Although it is usually associated with early stages of development, i. e. in the 
embryo and the newborn, it often remains a general feature of many tissues through adult 
life, as manifested in regenerative activities and the programmed replacement of normally 
cycled cells. Although in higher organisms some of these processes are really 
maintainance activities, because there is no net increase in tissue size or mass, growth can 
be accompanied by changes that result from either an increase in cell size (hypertrophism) 
or cell number (hyperplasticity). Hypertrophic responses, which result in the production 
of extracellular material such as bone, connective tissue and immunoglobulins, as well as 
increase in cell volume, are particularly well illustrated by axonal growth and synapse 
formation of developing neurons, muscles and lymphocytes. In contrast, cell division 
provides the means for the production of terminally differentiated tissues from pluripotent 
stem cells, and the simple proliferation required to achieve sufficient cell numbers to form 
adult tissues.

At any stage of the mitogenic response, the cellular population of an organism can 
be subdivided into three categories: (i) cells that are post-mitotic and unable to undergo 
division under any conditions, (ii) cells that are constantly undergoing division, and (iii) 
cells that are resting but are capable of undergoing division given the proper stimulus. The 
events leading to mitosis are believed to be sequentially ordered, one event leading to the 
next. Despite the repetitive nature of the cell cycle, it is far from understood. It has been 
proposed that the sequential nature of the cell cycle may be encompassed by a sequential 
need for different factors. In fact, the sequential addition of different factors promotes an 
ordered and synchronous entry of B cells into corresponding cell cycle phase (Corbel et 
al.y 1983; Melchers et al., 1984, 1985, 1986). This is in contrast to the finding that one 
factor may be sufficient to induce one cell cycle.

The cell cycle can, in its simplest form, be divided in 5 phases, GO, Gl, S, G2 and 
M. GO represents a stage of minimal metabolical activity needed for survival and for 
response to activating signals. GO can be regarded as a profound or deep Gl, since some 
growth factor receptors are found on GO cells. Gl can be subdivided in Gla and Gib. Gla 
represents the phase in which the cell is activated and the metabolic rate increases to



express more receptors for growth factors. Gib represents the phase where DNA is not 
yet synthesized but the cell is commited to do so, i.e. the cells have passed the "point of 
no return". The S phase is when DNA is synthesized. G2 or Gap 2 represents the phase 
where the cell is preparing itself for mitosis by, for example, condensing the chromatin, 
organizing the chromosomes, and producing proteins necessary for mitosis 
(Darzynkiewicz et al., 1976, 1979).

A variety of elements contribute to both stimulation and control of these growth 
processes, and include hormones, polypeptide growth factors, cell to cell contacts, and 
extracellular material. Each element signals the target cell by the formation of a recognitive 
complex which, in most cases, is on the external side of the plasma membrane or in the 
cytoplasm. Signal transduction mechanisms involved in reporting the recognition event 
between factor and receptor are being unveiled. However, it is likely that no single 
mechanism accounts for all cell growth stimulatory signals. Among the agents involved in 
growth regulatory processes, one group has become particularly prominent in the last 
years; namely polypeptide growth factors ( PGF). Several PGFs have been purified and 
their respective genes cloned. Examples include epidermal growth factor (EGF), platelet 
derived growth factor (PDGF), fibroblast growth factor (FGF), colony stimulating 
factors (CSF), transforming growth factor (TGF) a and ß, interferon (IFN) a, ß, y, and 
interleukin (IL)-l to IL-7, the latter group will be presented more in detail. No single 
description or simple definition will encompass all these factors. It is reasonable to 
propose a set of minimal requirements to be fullfilled by a postulated PGF :

1. the majority of the structure consists of polypeptide material,
2. initiation of the response occurs external to the target cell,
3. responses are initiated exclusively by the formation of specific receptor/ligand 

complexes,
4. hypertrophic and/or hyperplastic response results from the formation of the 

receptorAigand complex,
5. the PGF and its receptor are removed from the cell surface by receptor 

mediated endocytosis.
As a consequence of the broad nature of the requirements listed above, substances 

not normally considered PGFs, such as lectins, might be included. A sixth criterion 
involving physiological availability would largely circumvent this problem. To be 
ultimately classified as a PGF, a substance must be produced, transported, and interact 
with a normal or regulated physiological process. It can also be mentioned that molecular 
genetic techniques have allowed testing of recognition structures according to Koch’s 
postulate which may be applicable to PGFs and their receptors. PGFs may be endocrine, 
paracrine or autocrine.



It has been proposed that factors leading to mitogenic responses should be divided 
as either competence and progression factors. Factors in the progression category are able 
to stimulate cells to progress into S-phase in the absence of additional agents, whereas 
competence factors are only able to prime cells but require assistance in the form of 
additional factors to bring on the onset of DNA synthesis. However, other workers have 
noted that some factors classified as competence factors may only require proper tissue 
conditions to act in a progressive manner. A model for B cells consisting of competence 
and progression factors seems difficult to propose in view of the pleiotropic action of B 
cell active ILs.

The life span of cells can be divided into different parts. Although such a procedure 
is artificial, it is convenient until a global understanding has been attained. The B cell life 
cycle has thus been divided into three parts as proposed earlier by Schimpl and Wecker 
(1971, 1975), Dutton (1975), and Melchers and Andersson (1984), namely, activation, 
growth and maturation. This thesis is mainly concerned with activation and growth and 
thus knowledge in these areas is emphasized.

5 B CELL ACTIVATION
A healthy mouse has around 90% of its B cells in a resting state or GO. According 

to the clonal selection theory, antigen (Ag) specific B cells are expanded upon challenge 
with Ag. Control and regulation of the events leading to clonal growth and Ab secretion 
are therefore essential for the immune response. B cell activation by Ag has traditionally 
been classified as a T cell dependent (TD) response or T cell independent (TI) response 
(Reviewed in Möller, 1987, and refernces therein).

5.1 T CELL DEPENDENT ACTIVATION
T and B cell collaboration in the humoral response was firstly shown by Claman et 

al. (1966) and confirmed by several groups ( Davies et al, 1967; Miller and Mitchell, 
1967). Miller and Mitchell showed (1968) that T cells recognize and react with Ag but 
perform only an auxiliary role in the Ab production. The "hapten carrier effect" suggested 
that two cells participated in the humoral response (Landsteiner, 1962; Ovary and 
Benaceraff, 1963). Mitchison (1967) and Rajewski (1969) provided evidence that the 
cells involved had different specificities. Raff (1970) and Mitchison (1971) showed that T 
cells recognized the carrier and that B cells recognized the hapten; effective T and B cell 
collaboration took place only if Ag and carrier were physically linked. In short, by 
accepting that one cell type is auxiliary to the other and that hapten and carrier must be 
physically linked one must conclude that the two different cell types interact.

The studies of Unaue and Askonas (1968) on the involvement of macrophages in 
the immune response, taken together with the work of Katz et al. (1971, 1972), led to the
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recognition of a subclass of T cells which were called T helper cells (Th). Th cells could 
be clonally activated and expanded when Ag was presented by an antigen presenting cell 
(APC) in the context of a self major histocompatibility complex (MHC) class II Ag 
(Augustin et al., 1980; Martinez-A et al., 1981). APC and the B cells were thought to be 
different cell types; however, Lanzavecchia (1985, 1987) showed that B cells present Ag 
much more efficiently than any other cell type. Th cells activate B cells, by binding the 
same Ag on the B cells, in a restricted way, i.e. only if B and Th cells express the same 
MHC class II Ag (Martinez-A.er al., 1981; Bandeira et al., 1983; Pobor et al., 1984). The 
early work of Katz suggested that certain T cell regulatory functions could be mediated by 
soluble factors. Further work by several groups supported the hypothesis of soluble 
factors mediating T cell help (Dutton et al., 1971; Schimpl and Wecker, 1972.; Waksman 
and Namba, 1976); this was confirmed by Leanderson et al. (1982, Paper I), Howard et 
al. (1982), and Corbel et al. (1982). Final demonstration was provided by the isolation 
cDNAs of several ILs.

The low amount of Ag specific B cells could be increased in two elegant ways. In 
the first, an Ag was chosen that was present on all B cells, as is the H-Y Ag on male mice 
(Petterson et al., 1982) or by using mice strains expressing differences in minor MHC 
Ag. Second, the Ag to which the T cells are specific for, is coupled chemically to the B 
cells, and thus all B cells will be activated regardless of their Ag receptor specificity 
(Martinez-A et al., 1980 a,b).

It has recently been shown that IL-4, by itself, induces early signs of B cell 
activation. Furthermore, it has been shown that one factor can influence several processes 
in a cell depending on dose and/or stage in the cell cycle (Noelle et al., 1984,1986; Oliver 
et al., 1985; Rabin et al., 1985). Thus, the B cell activation model, postulating that Th 
and B cells need to interact, may need to be modified.

T cell dependent B cell activation can also be induced by soluble products called TD 
mitogens. Pokeweed mitogen is a T cell dependent B cell mitogen and will induce 
proliferation and maturation to Ig secretion. Other soluble T cell dependent activators are 
any Ag coupled to a suitable carrier such as keyhole limpet hemocyanin. Well known T 
cell dependent B cell activators are erythrocytes from different animals such as burro, 
horse, rabbit and the sheep erythrocyte (SRBC). SRBC have been used in the Mishell- 
Dutton assay to demonstrate the existence of T cell replacing factor (TRF) (Dutton, 1975). 
Biochemical events which have been coupled to cellular activation, such as elevation of 
the intracellular Ca2+ concentration, PKC activation, and increased phosphoinositol 
metabolism have also been observed in TD B cell activation (Snow et al., 1987; Bandeira 
et al., 1985).

The B cell effector function, Ig secretion, is accessible to analysis; thus, the Th cell 
modulation of B cell Ig secretion can be measured. Th cell modulation includes the



increased number of Ig secreting cells and the increased quantity of secreted Ig per cell. 
Moreover, Th cell regulated isotype distribution, which can also be analyzed, has a 
characteristic isotypic distribution, namely, IgG2a, IgGl and IgA (Augustin et al., 1980; 
Martinez-A et al., 1980 a, c; Coutinho et al., 1983).

5.2 T CELL INDEPENDENT B CELL ACTIVATION
This group of Ag does not need T cells to elicit an antibody response. TI Ag are 

often of bacterial origin and present common polymer structure that are rather 
hydrophobic and not easily degradable. Feldman and Nossal (1972) proposed that TI Ag 
crosslinked membrane immunoglobulin (mlg) and thereby activate the B cells. However, 
Coutinho and Möller (1973 a, b) showed that there was no complementarity between the 
combining site of mlg and the TI Ag, and proposed the "one non specific signal" model 
for B cell activation, i.e. LPS is a polyclonal mitogen and does not act through mlg 
(Coutinho & Möller, 1974; Coutinho 1975a). The " one non specific signal" theory is in 
conflict with the "two signal model" proposed by Bretscher (1970) and Cohn (1975). 
The two signal model postulates that the first signal is delivered through the Ag binding to 
its receptor on the B cell membrane. The second signal is offered, by an accesory cell. 
Absence of the second signal would lead to paralysis of the B cell. A large body of 
evidence has been produced in favor for the "one non specific signal" model such as, 1) 
recognition of the polyclonal nature of the LPS induced activation, 2) the observation that 
soluble hapten does not influence the LPS response (Coutinho&Möller, 1974), 3) the 
presence of autoreactive B cells , and 4) that an idiotypic network could not exist in the 
classical two signal model (Jeme 1974). Self non self discrimination is, in the two signal 
model, laid upon the B cells meanwhile the "one non specific signal" model assigns an 
important regulatory role to the T cells.

TI Ag can be further subdived in type 1 (TNP-LPS, TNP-Brucella Abortus, Brauns 
lipoprotein) or type 2 (levan, DxS, TNP-Ficoll). The xid mutant of the CBA/N mouse 
and neonatal mice do not respond with increased Ab production when challenged, in vivo 
or in vitro , with certain TI Ag; these TI Ag were called TI type 2 Ag (Amsbaugh et al., 
1972; Scher et al., 1975). This classification has recently been severely questioned (Pike 
et al., 1984; Mond et al., 1987). The accesory cell requirement for the TI type 1 Ag LPS 
has been a source of controversy (Pike et al., 1983 ; Corbel et al., 1983). A reasonable 
point of view may be to consider that LPS is capable of activating a large proportion of 
the B cells but does it optimally in the presence of accesory cells and/or their products.

5.2.1 Features of LPS activation (TI typel)
LPS activation induces growth and maturation to Ig secretion both in vivo and in 

vitro, leading to increased transcription and rearrangement of the Ig genes. It has a



classical isotypic distribution, consisting of high levels of IgG3 and IgG2b, the levels of 
of IgA, IgGl, IgE are exceedingly low while the level of IgG2a can be variable(Coutinho 
etal., 1983; Möller, 1978; Augustin etal., 1980; Martinez-A et al., 1980abc, Perlmutter 
etal., 1978; Slack etal., 1980). LPS induced maturation can be selectively inhibited by 
the costimulation with either anti-IgM Ab or phorbolesters (Leanderson et al., 1984; 
Chen-Bettecken etal., 1985; Mizuguchietal., 1986).

LPS can stimulate approximately 1/3 of the murine B cells under optimal conditions 
(Andersson et al., 1977). Certain mouse strains, such as C3H/HeJ and BlOSccR do not 
respond to LPS and the nonresponsiveness has been mapped to chromosome 4 (Coutinho 
et al., 1978; Coutinho et al., 1975). Transfer of cytoplasmic material from a responder to 
a non-responder B cell confers responsiveness (Eda et al., 1983). In addition, LPS- 
coculture of non-responder B cells with LiCl confers responsiveness (Ishizaka et al., 
1982).Biochemical analysis after LPS stimulation, has shown differences in the pattern of 
membrane lipids (Chaby et al., 1986) and of phosphorylated proteins between a non 
responder and a responder strain. However, non-reponder strains can be stimulated by 
other mitogens, such as Brauns lipoprotein (BLP), anti-Ig Ab, Nocardia (Andersson et 
al., 1979; Melcherscr al., 1975; Gronowiczef al., 1975). LPS promotes the myristoilation 
of various macrophage proteins of which one is a protein kinase C substrate (PKC) 
(Aderem et al., 1988).

The LPS receptor has been identified using a polyclonal antiserum produced against 
the putative receptor, which identifies B cells from high responders and not from low 
responders (Coutinho etal., 1978). Biochemical analysis of LPS insensitive and sensitive 
cell lines has not elucidated the nature of the receptor. Recently, a protein, with a Mr of 
80,000, was reported to bind LPS and was, thus proposed to be the receptor for LPS; the 
demonstration is based on crosslinking of LPS on to the cell surface (Lei et al., 1988ab).

LPS stimulation of murine B cells leads to a number of metabolical changes, such 
as increase in size, increased production of RNA, increased expression of class II MHC 
Ag, and increased Ig secretion (Reviewed in Möller, 1987c). Antiserum or mAb directed 
against MHC class II determinants inhibits LPS stimulation when added to the cultures 
during the first 18 h (Forsgren et al., 1984). Preincubation of B cells with DxS inhibits 
the LPS stimulation (Morelec etal., 1988).

It has not been possible, in LPS stimulated B cells, to demonstrate an increase in 
intracellular Ca2+ or inositoltriphosphate (IP3) concentration (Bijsterbosch et al., 1985). It 
is not yet clear if LPS can activate protein kinase C (PKC) in B cells; several lines of 
reasoning and evidence would supports the idea that LPS can activate or mediate 
activation via PKC (Rando, 1988; Wightman et al., 1984; Monroes al., 1984). 
Macrophages and pre-B cells respond by increased intracellular Ca2+ and IP3 and PKC 
activation when stimulated with LPS (Rosoff et al., 1985). Thus, a lineage and



differentiation dependent response to LPS can be envisaged. PKC activation, without a 
transient increase in intracellular Ca2+ concentration, is not unlikely since new members 
of the PKC family of isozymes have been identified which do not depend on Ca2+ for 

their activation (Nishizuka, 1988). Moreover, Lipid A has been shown to lower the 
requirements for Ca2+ of PKC (Rando, 1988). Finally, Lipid A and other acidic lipids, 
could eventually mask an increase in intracellular Ca2+ concetration since they bind Ca2+ 

(Rando, 1988).
LPS stimulation is not inhibited by cholera toxin (CT) nor by Cyclosporin A (CyA) 

(Klaus et al., 1988). Inhibition by pertussis toxin (PT) has been reported for 
macrophages and B cell tumor lines (Jakway et al., 1987) but has been contested by 
Klaus et al. (1988) and by us (Ruuth and Praz, Manuscript in preparation) for non- 
transformed B cells. Anti-Ig stimulation is much more sensitive to PKC inhibitors than is 
the LPS response (Klaus et al., 1988). LPS mitogenesis is inhibited by polymyxin B 
sulfate by direct binding (Smiths al., 1976); an alternative explanation is offered by the 
fact that this cationic antibiotic is able to inhibit a series of protein kinases, PKC amongst 
others.

B cell activation by LPS has been shown to lead to increased oncogene expression, 
notably c-myc and c-fos. However, the significance of such finding is not clear since the 
expression of oncogenes can not be coupled to an activation event. In fact, it has recently 
been shown that oncogene expression, particularly c-myc and c-fos, can be induced by 
growth factor occupancy, regardless of the position of the cell in the cycle. Thus, it would 
seem that at least some oncogenes are not activation markers (Whetton et al.,1986).

Activation with LPS has been used to induce growth factor responsiveness. B cells 
are either preactivated, for 18 to 48 h and thereafter washed, and recultured in the 
presence of the product to be tested (Melchers et al., 1986; Pereira et al., 1986; papers 
I-VI), or in costimulation with the product to be tested (Garchon et al., 1983). The 
cloned ILs which have been tested in the preactivation assay, IL-1 to IL-6, do not 
support the growth of LPS preactivated B cells (Lenhardt et al., 1988). As will be 
discussed later, B cells can be rendered responsive to IL-2 by the coculture of anti-Ig and 
LPS. Thus, it is possible that LPS preactivated B cells respond differently to ILs than 
other B cells do.

5.2.1.1 Structural features of LPS
It is generally agreed that the active part of LPS is Lipid A (Kumazawa et al., 1985) 

to which there are a number of antigenically important sugars attached. Synthetic Lipid A 
has allowed the confirmation of this postulate (Galanos et al., 1985). Lipid A consists of 
two glucosamino rings joined by a ß(l-6) binding to which a number of fatty acids are 
attached. The localization of these fatty acids is important since a change or deletion from 
the three position leads to remarkable loss of activity (Raetz et al., 1983). The succesful



synthesis of LPS variants made it possible to localize the different activities of Lipid A to 
certain structures of the molecule. A single glucosamine from the Lipid A molecule will 
produce the same effects in vitro as the whole molecule but be devoid of activity in vivo. 
Lipid A has been postulated to have a diacylglycerol like stucture and would therefore be a 
potential PKC activator(Raetz et al., 1983, Galanos,1985).

5.2.2 Features of DxS activation (TI type 2)
It seems as if TI type 2 Ag (DxS, TNP-Ficoll, levan) depend on accesory cells, 

probably T cells, for their action (Mond et al., 1987). The percentage of cells which are 
stimulated to growth by TI type 2 Ag are low in comparison with LPS or anti-Ig(Wetzeter 
al., 1981). The isotype pattem is of TI type but with a relatively higher degree of IgG3 
(Slack et al., 1980). Biochemical studies of the cellular activation events induced by DxS 
or any other TI type 2 Ag are few. Recently, it was reported that DxS induces a transient 
increase in the intracellular Ca2+ and IP3 concentrations (Morelec et al., 1988). Coculture 
of DxS with LPS has been reported to increase the amplitude of the response. However, 
the preincubation of B cells with DxS completly inhibits the LPS response. DxS has been 
used in a costimulation assay to detect BCGF-II (Swain et al., 1982,1983), now 
recognized as IL-5(Kinashi et al., 1986). Although this assay detects the BCGF-II 
activity it has not become popular due to its lack of reproducibility, specificity and 
quantification problems of biological activity .

5.2.3 Anti-Ig activation
For each Ag there is a low number of specific lymphocytes, which can be 

expanded. A way to increase the number of B cells activated is to use an Ag that would 
recognize all B cells, i.e. to produce species specific anti-Ig antisera and let it react with 
the mlg of the studied B cells (Parker, 1980). It was hoped that this reaction would mimic 
normal Ag recognition by the cell and that a great proportion of the B cells would be 
activated. It has been possible to demonstrate that anti-Ig activates all B cells, however, it 
does not induce DNA synthesis to the same extent. Different sources of antiserum can be 
used, but they do not all induce DNA synthesis to the same degree. The sources most 
commonly used are antiserum from goat or from rabbit or monoclonal antibodies. Soluble 
polyclonal antisera usually give good activation as well high levels of DNA synthesis; 
however, it has been claimed that the use of whole anti-Ig Abs are inhibitory in contrast to 
the F(ab')2 fragmant which induce increased [3H]-thymidine (TdR) uptake. Monoclonal 
Ab may activate to a variable degree and usually give very low DNA synthesis values or 
are plainly inhibitory. However, when mAb are immobilized on a solid support they 
induce DNA synthesis, probably as a consequence of crosslinking of mlg; in fact, whole
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Ab and F(ab)'2 fragments, but not F(ab) fragments, are activating and inducing DNA 
synthesis.

5.2.3.1 Features of anti-Ig activation
Anti-Ig activates all B cells as measured by size increase . There is an increase in the 

amount of expressed class II MHC Ag on the cell surface as well as increased RNA 
content (Monroe et al., 1983,1984,1985; Cambier et al., 1985). Maturation to Ig 
secretion is induced by F(ab)'2 but not by whole Ab (Parker, 1980; DeFranco et 
al., 1982). Injection of anti-Ig into mice results in an almost complet supression of B cell 
formation in neonatal mice, such treatment inhibits the B cell differentiation lineage 
(Hayakawa, 1988).

Anti-Ig activates, most probably, G proteins (Klaus, 1988), as measured by CT 
inhibition of anti-Ig activation. Anti-Ig activation leads to phosphatidylinositol specific 
phospholipase C (PI-PLC) activation which cleaves phosphatidyl 4,5-biphosphate (PIP2) 
to form the second messenger molecules inositol 1,4,5,-trisphosphate (IP3) and 
diacylglycerol (DG). IP3 releases Ca2+ from the intracellular stores causing a transient 
increase in intracellular Ca2+ concentration. DG lowers the threshold level for Ca2+ 

requirements of the Ca2+ dependent PKC. There is an increased flux of ions over the 
membrane barrier, that leads to an increase in the intracellular pH and later on to an 
increased traffic of Na+ and K+ over the cell membrane. Anti-Ig activation can be 
inhibited by several ways such as the use of cholera toxin, cyclosporin or depletion of 
PKC. Moreover, anti-Ig has been described to induce the phosphorylation of several 
proteins in the B cell (Monroe et al., 1983,1984,1985; Cambier et al., 1985; Chen et 
al., 1986; Coggeshall et al., 1984; Ransomer a/.,1986ab; Klaus et al., 1987). Anti-Ig 
costimulation has been used to detect the growth supporting activity of lymphokines, 
more specifically BSF-1, now known as IL-4 ( Howard et al., 1982). Finally, it has 
been cemonstrated that anti-IgM stimulation induces phosphorylation of a number of 
proteins (Hombeck, 1986; Feuerstein, 1987).

5.2.4 Other ways of activation
The observed biochemical changes upon anti-Ig stimulation inspired the development of a 
rational activation system based on well defined molecules, namely the use of a PKC 
activators, e.g. phobolesters, and ionophors, such as ionomycin (Klaus et al., 1986a). 
However, other drugs such as cytochalasin B and bromide derivatives of cyclic 
nucleotides have been used to activate B cells. A mAb against the Lyb-2 Ag has been 
reported to induce activation of B cells (Subbarao et al., 1984)

The specificty of the immune response was postulated to be controllled at the level 
of cell to cell interaction, thus the question of whether factors alone could be activating or 
not was controversial. Now it is clear that factors can, at least in part, produce activation



signals, e.g. IL-4 (Rabin et al., 1985; Thompson et <2/., 1985). Amongst the factors 
reported to be activating was the entity known as allogeneic factor (Delovitch et ah, 1981). 
B cell replication and maturation factor (BRMF), consisting of three discemable entities of 
30 000,60 000 and 110 000 Mr, was reported to have an activation activity (Andersson et 
al, 1981).

6 SIGNAL TRANSDUCTION.
The cellular machinery has developed a binary language to deal with incoming 

information and transmission of intracellular signals, which are read as phosphorylation 
and dephosphorylation events. In addition, finely tuned enzymatical reactions and tightly 
regulated ion currents produce a versatile collection of second messager molecules. The 
following presentation will focus on the signal transduction pathways which are believed 
to be relevant for B cell activation and growth (Overview in Rozengurt, 1986)

6.1 G-PROTEINS
In 1971 Rodbell and coworkers were the first to discover the importance of G- 

proteins in the generation of cAMP (Reviewed in Gilman, 1984,1988; Klaus, 1988; 
Möller, 1987; and references therein). Their common denominator is that they bind and 
hydrolyze GTP. Common to all guanine nucleotide binding proteins,found in eukaryotes 
and prokaryotees, is a consensus sequence compromising the nucleotide binding domain. 
Some of the GTP/GDP binding proteins, such as the ras family, seem to work alone 
meanwhile others work in complex. G proteins which are participating in the signal 
transduction are all heterotrimers compromised of a (mediates the GTP/GDP-binding), ß 
and y subunits.

G-proteins regulate the activity of the phosphatidylinositol-biphosphate (PIP2) 
cleaving enzyme phospholipase C (PI-PLC). The products of this cleavage play an 
important role as second messager molecules in signal transduction. Moreover, it has 
been postulated that G-proteins regulate different ion channels. Activation occurs when 
GDP bound to the a-subunit of the heterotrimer is exchanged for GTP. On binding of 
GTP, the a-subunit dissociates from the ß and y chains and directly modifies the activity 

of the target effector, for example adenylate cyclase. Activation is terminated by the 
conversion of GTP to GDP by the endogenous GTPase activity of the a-subunit.

Antigen (Ag) receptors on B cells seem to be typical Ca2+ mobilizing receptors, 
which generate the second messagers inositoltriphosphate (IP3) and diacylglycerol (DG). 
Thus, it seems likely that the signal transduction pathway would be under G-protein 
control in B cells. Indeed, it has been shown that both IgM and IgD receptors are coupled 
to the PI-PLC (by one or more) pertussis toxin (PT)-insensitive forms of G-proteins. The 
observation that cholera toxin (CT) selectively inhibits anti-Ig induced stimulation of B
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cells at a late stage in the activation cascade, suggests a role for additional G-proteins in 
lymphocyte proliferation. However, it should be noted that any treatment that elevates 
cAMP (such as CT and PT) will block signalling in T cells; this may at least partially 
explain the difficulties in identifying G-protein coupling to PI-PLC in B cells. LPS 
activation of normal B cells has been shown to be insensitive to CT inhibition (Klaus, 
1988).

6.2 INOSITOL LIPIDS
The first indication that phosphoinositide turnover played an important role in cell 

metabolism came from the studies of Hokin and Hokin in the early fifties (Reviewed in 
Berridge, 1987ab, and refences therein). Fisher and Mueller proposed that inositol 
metabolism played an important role in cell proliferation. The concept that 
phosphoinositide turnover is an integral part of a signal transduction pathway, advanced 
by Durell and coworkers and Michell, is today generally accpeted; in fact, the platelet 
derived growth factor (PDGF-R) receptor induces both tyrosine phosphorylation and 
increase in the hydrolysis of phosphoinositol lipids.

The key event is the activation of the PIP2 specific phosphodiesterase (an isozyme 
of PI-PLC) hydrolysing PIP2 to DG and IP3. The two second messengers produced by 
the hydrolysis of PIP2, IP3 and DG, are rapidly metabolized; a prerequisite for being a 
second messenger. Each of them can be metabolized in two different ways. DG can be 
metabolized to reform phosphatidylinositol (PI) or to form arachidonic acid. IP3 is 
metabolized to either inositol or to other inositol metabolites, which have been proposed 
to play an additional role as second messagers.

After hydrolysis of PIP2, DG rests in the membrane and the inositol diffuses into 
the cytoplasm. IP3 regulates the intracellular Ca2+ concetration and DG the interacts with 
PKC. The changes in intracellular Ca2+ concentrations are very rapid, i.e. when IP3 is 
introduced into permeabilized cells it released 50% of the sequestered Ca2+ in less than 
one minute.

The known interactions between the DG/PKC and IP3 /Ca2+ activation pathways 
can be summarized as follows: DG activates PKC and lowers the apparent Km for the 
Ca2+ mediated activation of PKC. Conversely, a prior elevation in Ca2+ may enhance the 
activation of PKC by DG thus emphasizing the cooperative nature of PKC activation by 
both Ca2+ and DG.

Stimulation of B cells with Ag, anti-Ig Ab, leads to an increase in the hydrolysis of 
PIP2 with the consequent formation of DG and IP3. Increase in inositol lipid metabolism 
has also been observed after DxS stimulation with the concomitant increase in intracellular 
Ca2+ concentration. LPS stimulation does not increase the hydrolysis of PIP2 to IP3 and 
DG in normal B cells; in contrast, pre-B cell lines and macrophages response to LPS
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stimulation is to increase their inositol metabolism. It has been reported that IL-4 induced 
activation does not increase the hydrolysis of PIP2 to IP3 and DG.

6.3 CALCIUM
The very high concentration (mM) of free Ca2+ in the extracellular pool, as 

compared to that in the intracellular milieu (sub |iM), results in a very large 
electrochemical force on Ca2+; thus, even minor changes in the Ca2+ permeability of the 
plasma membrane, will result in significant fluctuations in the cytosolic concentration. 
Cells accomplish a tight controll of Ca2+ by the reversible complexing of Ca2+ to specific 
ligands in the cytoplasm and membrane. Membrane intrinsic Ca2+-transporting proteins 
regulate, in a most efficient way, the intracellular levels of ionic Ca2+. The soluble Ca2+ - 
binding proteins in the cytoplasm mainly process the Ca2+ signal (Reviewed in Carafoli, 
1987; Exton, 1988; for refences please see therein).

Plasma membranes contain three Ca2+ transporting systems: a specific ATPase 
(::::::$$$$), Ca2+ channels (transient, long lasting and intermediate) (::$$) and a Na+/Ca2+ 

exchanger (::::$$). These transport systems have different kinetic properties and are 
diversified to meet the needs encountered during an effector function or cell cycle. In 
general, whenever the need arises to transport the Ca2+ with high specificity, ATPases are 
chosen. The movement of bulk amounts of Ca2+, with intermediate affinity, are made 
with exchangers, channels and electrophoretic uniporters.

Several groups have shown the very fast and transient peak seen in intracellular 
Ca2+ concentration after stimulation with Ag or anti-Ig. Increased Ca2+ concentration in 
normal B cells has been seen upon stimulation with TI type II Ag (dextransulfate) but not 
with LPS. However, LPS stimulation of pre-B cell lines and macrophages results in 
increased intracellular Ca2+ concentration.

6.4 PROTEIN KINASES
The importance of phosphorylation/dephosphorylation reactions is demonstrated by 

the various functions that they have been proposed to control, namely, signal 
transduction, cell cycle regulation, growth factor receptor signalling, protein synthesis, 
cytoskeletal organisation, transcriptional factors and oncogenesis (Reviewed in Edelman 
et tf/.„1987; Taylor et a/.,1988; Yarden et al., 1988; Hunter et al., 1985; Hunter, 1987; 
Wyke et al., 1987; for references please see therein). Protein kinases can be divided 
according to the residues they phosphorylate; serine/threonine (Ser/Thr) residues or 
tyrosine residues. PKC, phosphorylates on serine/threonine residues, will be discussed 
separatly due to its general importance in the regulation of cellular growth . For the sake 
of completeness, kinase activities on histidine and lysine residues and prokaryotic kinases 
have been described.



The best studied Ser/Thr kinase is the cAMP-dependent kinase (cAK). Binding of 
cAMP to the regulatory subunit of the cAK induces a conformational change leading to 
the dissociation of the inactive tetrameric complex, thus liberating the catalytic subunit to 
exert its activity. cAK is involved in the ligand induced receptor desensitization such as 
that for the epidermal growth factor receptor (EGF-R), insulin receptor (I-R), and the ß- 
adrenergic receptor. Furthermore, several protooncogenes, such as v-raf, v-mil and v- 
mos, have been reported to phosphorylate on serine/threonine residues.

The discovery that transforming retroviral proteins have protein-tyrosine kinase 
(PTK) activity, soon led to the recognition that growth factor receptors had PTK activity. 
Several transforming retroviral proteins have been identified, such as v-yes, v-/rg, v-fps, 
v-fes, v-abl, and v-ros which all have PTK activity. Expression of The Rous sarcoma 
virus v-src gene product is one of the best studied PTKs, its expression is both necessary 
and sufficient to transform cells in culture. The only well defined biochemical function of 
pp60v*‘src and ppöO0'^ is an intrinsic protein kinase activity specific for tyrosine residues. 
However, there is no convincing evidence that phosphorylation of any identified protein 
is crucial to transformation.

Strong indications that PTK activity is important in the regulation of cell growth has 
come from work on growth factor receptors. It was first observed in membranes from 
EGF stimulated cell lines. Isolation of the EGF receptor cDNA showed that it possesed 
significant homology with the catalytic domain of PTK proteins. Other receptors having 
PTK activity are the PDGF-R, I-R, insulin-like growth factor-1 receptor (IGF-l-R), 
colony stimulating factor-1 receptor (CSF-l-R). Once activated, the EGF-R is 
phosphorylated on ser/thr residues by cAK and PKC. Leading to a decreased affinity of 
the receptor for EGF and blocking of PTK activity, thus suggesting the existence of a 
regulatory loop. Several growth factor receptors show strong homology with oncogenes, 
such as the EGF-R receptor with v-erb-B, the CSF-1 with v-fms and v-kit, in addition 
the v-sis gene product, which shares strong homology with PDGF, binds to and activates 
the PDGF-R.

6.4.1 Protein kinase C
Protein kinase C (PKC) appears to play a central role in signal transduction as it is 

the target for the second messager DG (Reviewed in Nishizuka, 1984, 1988; Rando, 
1988; Kikkawa, 1986; for refences please see references therein). Multiple species of 
PKC have been identified which are widely distributed. The PKC molecule is a 
polypeptide with a molecular weight of 68,000 to 83,000 kDa. It can be cleaved by 
calpain into two fragments one of about 56,000, the catalytic domain, and one of about 
26,000, probably of the membrane binding part. The isolation of PKC cDNAs has led to 
the recognition of seven different forms, which have been designated a, ßl, ßll, y; 5, e,



the ßl,ßll forms have arisen by differential splicing. Comparison of the deduced amino 
acid sequences reveals that a, ßl, ßll, y polypeptides consist of a singel polypeptide 
chain with four conserved regions and five variable regions. The two regions located at 
the carboxy-terminal end contain the ATP binding site and the catalytic domain which 
shares homologies with other kinases (Fig. 6.1).

For its activation, PKC depends on the presence of Ca2+, phosphatidylserine (PS), 
and DG in 1,2-sn configuration; the requirement for the 1,2-sn configuration, is such that 
DG dramatically increases the affinity of PKC for Ca2+. Under physiological conditions 
PS seems to be required for PKC activation. It has been established that the ionized 
carboxyl group of PS is the important part of the phospholipid requirement; nonacidic 
lipids will not support the PKC activation. This view is strengthened by the observations 
that both lipid A and derivatives, retinoic acid, arachidonic acid and other long chain 
unsaturated fatty acids will support the activation of PKC.

Regulatory domain Kinase domain

VI Cl V2 C2 V3 C3 V4 C4 V5

cystein-rich ATP—binding
repeat site

Fig. 6.1

The fatty acyl chains on the DG play little or no role in the activation of PKC. 
However, activation by DG is highly stereospecific and is directed aginst the glycerol 
backbone. Experimentally, PKC activation can be achieved by the addition of tumor 
promotors such as phorbolesters which specifically activate PKC by interaction at the DG 
binding site.

PKC has been postulated to be involved in the transduction of signals regulating the 
growth and functional states of cells. Lymphocytes have been shown to respond with
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growth, to the combination of phorbolester and Ca2+ ionophor. Stimulation of PKC may 
lead to the increased or induced expression of growth related genes such as IL-2 receptor 
expression, ornithine decarboxylase, IFNy, c-fos and c-myc. In biological systems 
positive signals are usually followed by immediate feedback control to prevent 
overresponse. Thus, it has been shown that both the EGF-R and the insulin receptor can 
be modulated by PKC mediated phosphorylation.

6.5 Acylation
A surprisingly large number of proteins in eukaryotic cells are now known to contain 

covalently bound lipid. These proteins can be divided in three groups according to the 
lipid bound: myristilated, palmitylated and a glycosylated phospholipid. This covalent 
modification is believed to play an important role in the functional state of the protein 
(Sefton et al. 1987).

Prokaryotes also have membrane proteins which are covalently modified by lipid, 
however, they are usually attached at a cysteine in the N-terminus of the protein. 
Although bacterial acyl proteins are well known, their biological role has not been 
elucidated to the same extent as for eukaryotic cells, although it is generally thought that 
they fulfill structural functions.

Myristic acid is bound with an amide bond to the N-terminal glycine with an absolute 
specificity (Aitken et al., 1982; Carr et al., 1982; Henderson, et al., 1983; Ozols, et al., 
1984; Schultz, et al., 1985). Myristylation occurs early during the life of a protein, it may 
even occur co-translationally (Buss, et al., 1984; Magee, et al., 1985; Olson, et al., 
1986). Myristylated proteins are synthesized on soluble polysomes, implying that the acyl 
donor and the myristyl transferase are soluble or bound to the polysomes (Towler, et al.,
1986) . In addition to the amino-terminal glycine, a seven amino acid consensus sequence 
has been proposed to be essential for myristylation (Kaplan, et al., 1988; Towler, et al., 
1988). Known myristylated proteins include: p60src, catalytic subunit of cAK, calcineurin 
B, p56lck, pl20gag-aW, p85gag-fes, p29gag-ras5 (Sefton, et al., 1987).

Palmitic acid is most often found linked through a thioester bond to cysteine, as has 
been established for p21ras (Chen, et al., 1985), the transferrin receptor (Jing, et al.,
1987) , and the HLA glycoprotein (Kaufman, et al., 1984). Palmitylation of cysteine 
residues invariably takes place near membrane-binding domains of a protein, usually on 
the cytoplasmic face of a membrane (Sefton, et al., 1987). A cysteine followed by two 
aliphatic residues has been proposed to form a consensus sequence for palmitylation 
(Sefton, et al., 1987; Magee, et al., 1988), as several palmitylated proteins show these 
sequences (Powers, et al., 1984; Chardin, 1986; Madaule, et al., 1987). Palmitylation is 
less specific than myristylation, since other fatty acids can be incorporated (Schmidt, et 
al., 1979), and the reaction may be cytoplasmic (Berger, et al., 1984). Palmitylation is a
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posttranslational event since acylation could be observed several hours after cessation of 
protein synthesis (Omary, et al, 1981;Sefton, et al, 1982; Magee, et aL, 1987); these 
data also suggest that the palmityl moieties in some proteins undergo fairly rapid turover. 
Palmitylated proteins include: vesicualr stomatitis virus G glycprotein, alphavirus E2 
glycoprotein, influenza virus glycoprotein, SV 40 virus large T antigen, apolipoprotein, 
rhodopsin, ankyrin (Sefton, et al., 1987).

A number of cell surface glycoproteins contain a large, complex, glycosylated 
phospholipid at their carboxy-termini (Sefton, et aL, 1987). This lipid serves to anchor 
these proteins to the lipid bilayer. Although the structure of the lipid has not been 
completly elucidated it is clear that it can be cleaved by phosphatidylinositol specific 
phospholipase C (PI-PLC). The genes for the phospholipid tail modified proteins are 
longer polypeptides than those observed on the cell surface, proteolytic cleavage exposes 
the lipid carboxyl binding site (Bangs, et al., 1985). The lipid tail can be linked to a 
variety of terminal amino acids and linking occurs soon after protein synthesis (Sefton, et 
al., 1987). Proteins with phospholipid tail include: Thy-1 glycoprotein, variant surface 
glycoprotein from trypanosomes, acetylcholine esterase, alkaline phosphatase, 
plasmodiumfalciparum transferrin receptor, plasmodium falciparum 195 surface antigen 
(Sefton, et al., 1987).

6.5.1 Function of lipid modification
There is evidence that lipids can anchor proteins to cellular membranes. The presence 

of myristyl moiety is essential for the binding of p60src and p65Sa8 to the inner face of the 
cellular plasma membrane (Buss, et al., 1986; Kamps, et al., 1985; Rein, et al., 1986). 
Conservative point mutations, of p60src, completely abolish the lipid binding and almost 
completly inactivate the transforming activity of the protein without affecting its intrinsic 
protein kinase activity (Cross, et al., 1984; Buss, et al., 1986; Kamps, et al., 1986 ). 
Myristylation could facilitate the membrane binding through its hydrophobic character. 
However, this cannot explain why a myristylated protein like p60src binds predominantly 
to the plasma membrane; indeed, myristic acid is a very rare fatty acid. Thus, it has been 
proposed that a specific myristic acid receptor may exist on the plasma membrane (Sefton, 
et al., 1987). Moreover, some myristylated proteins are soluble or loosly attached to the 
cell membrane, as is the catalytic domain of the cAK (Buss, et al., 1984; Magee, et al., 
1985; Olson, et al., 1986).

The functional implications of palmitylation are less well understood. As for 
myristylated proteins, mutations that replace the site of palmitylation in p21ras, cy steine 
186, abolish palmitylation,renders the protein unable to bind to the cell membrane and 
inactive in cellular transformation (Willumsen, et al., 1984). However, palmitylation of



the viral glycoprotein G is not essential for its interaction with membranes (Rose, et al, 
1984).

The fact that PI-PLC can release proteins possesing a phospholipid tail from the 
surface of cells demonstrates that these lipids serve as anchor proteins to membranes. It is 
not obvious why such a complex lipid is used in a structural role. The possibility exists, 
therefore, that the lipid tail has other functions in addition to serving as an anchor. 
Cleavage by PI-PLC would yield a soluble form of the protein and diacylglycerol would 
rest in the membrane and function as a second messager (Sefton et al 1987).

7 B CELL GROWTH
The primordial function of a B cell is to produce Ab. This task is accomplished by a 

hyperplastic and hypertrophic growth, as proposed the clonal selection theory by the 
action of PGFs. The following chapter will describe some of the most important PGFs in 
the lymphoid system, namely the interleukins (IL).

7.1 Interleukin-1
IL-1 was first described as endogeneous pyrogen in the 1940's. To immunologists, 

IL-1 has been known mostly as lymhocyte activating factor (LAF). IL-1 now includes the 
original endogeneous pyrogen, leucocytic endogeneous mediator, LAF, mononuclear cell 
factor, catabolin, osteoclast activating factor and neuropoietin-I (Reviewed in Dinarello, 
1988; Oppenheimer al, 1986; Le et al, 1987; ).

There are two forms of IL-1,a and ß , which are distinct at the biochemical and 
genetic level. However, they have similar biological effects and share the same receptor, 
which is expressed in a matching pattern to IL-1 responsiveness. IL-1 is synthesized by a 
large number of cells such as B cell lines, macrophages and monocytes. In addition, the 
IL-1 production can be induced by many substances, amongst others LPS and 
phorbolesters.

IL-1 stimulates the production of IL-2, IL-3, IL-6, interferons (IFN), tumor 
necrosis factor (TNF), and bone marrow colony stimulating factors. IL-1 has also been 
reported to induce its own production. Moreover, IL-1 induces the IL-2 receptor 
expression and lowers the threshold for mitogen- or Ag-induced T cell proliferation (LAF 
activity). IL-1 induces a vast array of systemic effects such as fever, sleep and endotoxin 
shock in combination with TNF. In pre-B cells IL-1 induces kappa light chain synthesis 
which is followed by membrane expression of the assembled Ig molecules. IL-1 supports 
the growth of B cells following stimulation with Ag or anti-Ig antibodies (Howard et al., 
1983; Booth et al, 1983, 1984). Indirect effects of IL-1 on B cells may occur via the 
production of other lymphokines (Scala etal, 1984).
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7.2 Interleukin-2
In 1976, a factor capable of promoting the in vitro growth of human activated T 

cells was identified by Morgan et al. (1976). The molecular mechanism behind the action 
of IL-2 has been extensively explored and has served as a model for B cell studies.

7.2.1. The IL-2 molecule
IL-2 is secreted by T cells as a single hydrophobic polypeptide chain of Mr 15,000- 

17,000 which easily forms dimers (Robb et al, 1981). The secreted protein, containing 
133 aa, has a single disulfide bond whose disruption is associated with a marked loss of 
biological activity. O-glycosylation, threonine at position 3, explains the previously 
recognized pi microheterogeneity of IL-2. The isolated cDNA codes for a polypeptide of 
153 aa, which includes a 20 aa signal sequence which is cleaved off to yield the mature 
protein (Taniguchi et a/., 1983; reviewed in Greene, 1988).

7.2.2. The IL-2 receptor
The initial observation that B cells did not bind IL-2 was soon contested, by the 

binding of the anti-IL-2 receptor (IL-2-R) monoclonal Ab (mAb), anti-Tac, to hairy cell 
leukemia. Other B cell lines and activated nontransformed B cell lines were later shown to 
bind IL-2. The Tac Ag, Mr 55,000 (p55), has been purified and its cDNA and gene have 
been isolated. Anti-Tac and IL-2 binding studies revealed the existence of high affinity 
binding sites (Kd 2-20 pM) and a large pool displaying a 1,000 fold lower affinity 
binding sites (Smiths al., 1985). The high affinity receptors comprise only 2% -10% of 
the 30,000 to 60,000 Tac Ag binding sites. The high affinity IL-2 receptors are 
internalized and mediate the biological response ( Cosman et al., 1984).

Recently, a second Mr 70,000-75,000 dalton IL-2 binding protein (p70) has been 
recognized which binds IL-2 with an intermediate affinity (0.6-1.2 nM). p70 has been 
identified, in the absence of Tac Ag, on the surface of resting T cells, LGL, and some B 
cells. It has been proposed that the high affinity receptor may be a complex of the Tac Ag 
and the p70. Transfection of the Tac Ag gene, into a Tac negative cell line, showed that 
high affinity receptors were only found on transfected cells. Since the Tac Ag does not 
mediate signal transduction and because p70 is internalized with similar kinetics as the 
high affinty receptor, it has been proposed that p70 mediates the IL-2 signal. p70 has 
futhermore been proposed to participate in the cellular activation mediated by IL-2 ( 
Reviewed by Greene, 1988).

7.2.3 Biological effects of IL-2
The principal biological action of IL-2 is to promote the growth of T cells (Robb; et 

al., 1981; Cantreller al., 1984). However, IL-2 activity may not be restricted to the growth
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regulation of T cells but may also act on B cells. Further, IL-2 has been reported to 
stimulate T cell production of B cell growth factor and IFN-y, independently of the 
growth stimulatory effect on T cells. Cytolytic effects of natural killer (NK) cells are 
enhanced in the presence of high concentration of IL-2. In addition, oligodendrocytes 
have been shown to respond to IL-2 with growth. Thus, it is clear that IL-2 action is not 
restricted to the T cell lineage (Reviewed by Greene, 1988).

7.2.4 IL-2 effects on B cells
It was originally thought that growth factors were cell specific, thus, B cells should 

not respond to IL-2. However, 11-2 enhanced clone formation and maturation of single 
cell cultures of B cells in the presence of Flu -Ficoll or Flu-Pol (Pike et al, 1982,1984). 
These observations strongly argued for an effect of IL-2 on B cells and against the effects 
being due to T cell contamination (Hashimoto et a/.,1986). T cell contaminants, in bulk 
cultures of B cells, may modulate an observed response; it has been reported that IL-5 
induces the expression of IL-2 receptors on B cells and T cells (Möller, 1988c; Nakanishi 
et al, 1984, NK cell contamination could inhibit the plaque forming cells (PFC) 
formation due to IFN-y secretion. Interestingly, the inhibitory effect of IFN-y, was 
observed on TNP-Ficoll specific PFC meanwhile it was stimulatory in the case of SRBC 
specific PFC. The controversy concerning the IL-2 effect on B cells is comprehensively 
presented in Julius et al.( 1986).

Murine B cells respond differentially to IL-2, depending on the preactivation 
scheme used. B cells which have been preactivated with LPS alone do not grow in the 
presence of IL-2 (Leanderson et al, 1986), even at very high doses, nor do they present 
high affinity receptors on their surface. B cells which are cultured in the presence of both 
LPS and anti-Ig are responsive to IL-2 and present high affinity receptors on their 
surface(Lowenthal et al, 1985; Malek et al., 1983;Zubler, 1984; Zubler et al, 1984). Anti- 
Ig alone does not induce responsivenes to IL-2 except when it is cocultured with 
lymphokines, present in the conditioned media (CM) of the EL-4 line (Prakasher al, 
1985).

7.3 Interleukin-3
Interleukin-3 belongs to the family of colony stimulating factors (CSF) and is also 

called multi potential CSF (multi-CSF). Four different CSF have been distinguished in 
the murine system, which has been proposed by Walker et al (1985) to be organized in a 
hierarchical order (Reviewed in Clark et al, 1987; Ihle, 1987).

Recombinant IL-3 supports the proliferation of myeloid progenitors including those 
of erythrocytes, neutrophils, eosinophils, basophils, macrophages and megacaryocytes. 
Moreover, IL-3 induces a transient increased Thy-1 expression on Thy-1 low expressing



hematopoietic cells. There is a general agreement that IL-3 has no effect on mature B 
cells. However, Sideras et al. (1987) have reported a growth supporting effects of IL-3 
on pre-B cells and shown that pre-B cell lines can be established in in the presence of IL-3

7.4 Interleukin-4
It is now recognized that IL-4 has the following functional activities B cell 

stimulatory factor-1 (BSF-1), IgGl inducing factor, B cell differentiation factor 
(BCDFy), T cell growth factor-2 (TCGF-2) (Howard et al., 1982,1983; Swain et al., 

1983; Nakanishi et al, 1983, 1984; Mosman etal., 1986; Isaksson et al., 1982; Reviewed 
in WE Paul et a/., 1987; Fanarer al., 1983).

7.4.1 The IL-4 molecule
IL-4 has an apparent Mr of 20,000 when eluted from preparative SDS-PAGE. 

Endoglycosidase F treatment of the IL-4 molecule reduces the Mr to 15 000, but does not 
affect the biological activity. Cleavage of the S-S ester bond, however, abolishes the 
biological activity of IL-4. The pi has been found to be slightly acidic or neutral(Ohara et 
a/.,1985ab; Grabstein et al., 1986). Isolation of the cDNA for IL-4 was first accomplished 
by Noma et al. (1986) using the IgGl switch assay and found to encode a 140 aa long 
polypeptide with a 20 aa leader sequence. The aa sequence from the cDNAs is in 
agreement with the sequenced N-terminus of the protein, in addition three potential N- 
glycosylation sites and six cysteines have been identified (Lee et al., 1986; Yokota et 
al., 1986).

7.4.2 The IL-4 receptor
The binding of labeled IL-4 to B cells is saturable, specific and inhibited by a large 

excess of cold IL-4. Spleen cells express around 450 ±38 receptors per cell with an 
equilibrium binding constant of 3.3xl010 M*L Chemical crosslinking of IL-4 to its 
putative receptor suggests that it has a Mr of 60,000. LPS and anti-Ig upregulate the 
expression of the receptor within 6 h of stimulation, reaching a maximal level of 1000 
2000 receptors per cell at 24 h. Receptors for IL-4 have been found on many other cell 
types such as T cells, macrophages, mast cells, and myeloid cells, in numbers ranging 
from 280 to 2170 receptors per cell. The highet expression is seen on T cells, mast cells 
and myeloid cells (Ohara et al., 1987; Reviewed in Paul et al. 1987)

7.4.3 IL-4 production
T cell lines can be induced to IL-4 production by mitogens such as Con A and/or 

phorbolesters (PMA/TPA) or by Ag. The IL-4 producing T cells are phenotypically T



helper cells and have functionally been identified as Th2. The classification into Thl and 
Th2 types is functional and restricted to the murine system. Thl cells differ from the Th2 
in that Thl produce IL-2 and IFN-y while Th2 cells produce IL-4 and IL-5 (Mosman et 
al., 1986b). The frequency of cells producing IL-4 mRNA in the mitogen activated spleen 
has been reported to be low. This perhaps could explain difficulties in detecting IL-4 
activity in the conditioned medium (CM) from mitogen stimulated spleen cells. 
Alternatively, the IL-4 effects could be inhibited by IFN-y. IL-4 can be measured in the 
CM from several other cell lines such as mast cell lines and Abelson virus transformed 
cells.

7.4.4 IL-4 action on B cells
The biological actions of IL-4 have been extended and it is recognized that the factor 

is highly pleiotropic. IL-4 influences the Ig isotype switch, activation of B cells and 
growth of B cells.

It is well established that T cells influence the isotype distribution in LPS-stimulated 
cultures of B cells, i.e. increased secretion of Igs of the IgGl isotype. Isakssoner al. 
(1982) suggested that the isotype switch was mediated by a soluble factor, BCDFy. 
Pascalis et al. used this IgGl-switch assay to biochemically characterize the IgGl 
inducing factor (1985) The results revealed the similarity of the biochemical properties of 
IgGl inducing factor and BSF-1. Evidence that they were in fact the same molecule came 
from the use of highly purified BSF-1 and mAb directed against BSF-1 in the IgGl 
inducing assay (Vitetta et al., 1985). Formal proof, that BSF-1 and IgGl inducing factor 
were the same molecule, came from the use of recombinant factor (Noma et al., 1986; Lee 
et al., 1986).

The isotype switch can be seen even if: i) surface IgGl negative B cells are cultured 
with LPS and IL-4; ii) B cells, that had been preincubated for 48 h and then washed free 
from IL-4, are recultured with LPS; iii) IL-4 is added to LPS-stimulated cultures after 
48h. Induction of IgGl secretion could also be seen in the 1.29 cell line, which normally 
switch to IgA, IgG2a and IgE, when stimulated with IL-4 (Oliver et al, 1985).

It has become clear that the isotype switch is not restricted to IgGl, as increased 
levels of IgE have been reported (Paul et zz/.,1987). However, the doses needed to induce 
such a response are 2-5 fold higher than for the IgGl induction. Anti-IL-4 mAb can 
inhibit, in vivo, the Nippostrongulus brasiliensis and anti-IgD induced increase in IgE 
(Paul et öt/., 1987). Moreover, the isotype switch to IgGl and IgE can be inhibited by 
IFNy.

IL-4 increases the de novo synthesis of MHC class II Ag mRNA expression, by a 
factor of six, on resting B cells within 24 h. The IL-4 induction of class II Ag is not Ca2+ 
dependent, nor does it increase the inositol lipid metabolism, or activation of PKCNoelle



et <3/., 1984,1986;. Moreover, IL-4 leads to an increase of the cell size of resting B cells 
and to preparation of the cells to enter the S phase more promptly upon anti-Ig 
stimulation. However, for such effects, there is a need for a prolonged, approximatly 12 
h, receptor ligand interaction. IL-4 was described as a growth factor for anti-IgM 
costimulated B cells, and acts in the late Gl of the cell cycle. Ten times higher doses are 
needed for the growth stimulatory activity than for MHC class II Ag induction (Paul et 
a/.,1987).

7.4.5 IL-4 action on other cells
IL-4 supports the growth of T cells and has been called TCGF 2. IL-4 induced 

growth requires around 30 times more IL-4 than for anti-Ig costimulation of B cells, and 
has a lower degree of growth support than IL-2 (Femandez-Botran et al., 1986; Mosman 
et al., 1986a; Hu-Li et a/., 1987). Costimulation of IL-4 with PMA leads to a size 
enlargement in 100% of the cells, 50% of which go on into S phase and cell division; IL- 
4 is required at both early and late stages in culture. PMA and IL-4 induce the expression 
of the IL-2 receptor but not IL-2 mRNA. PMA alone does not upregulate the receptor 
expression of the IL-4 receptor (Severinson et al., 1987).

It was soon shown that IL-4 could enhance the proliferation of mast cells, but only 
in the presence of saturating doses of IL-3 (Hamagughi et al, 1987). IL-4 has been 
reported to increase the cytotoxic activity of macrophages, enhance their MHC classll Ag 
expression and differentiation. IL-4 has been reported to interact with granulocyte-colony 
stimulating factor and erthropoietin in the formation of colonies from granulocyte and 
erythroid precursors respectivelyPolla et al., 1986).

7.5 Interleukin-5
IL-5 is identical to B cell growth factor-II (BCGF-II), B15-T cell replacing factor 

(B15-TRF), B cell differentiation factor \1 (BCDFji), IgA inducing factor, killer helper 
factor and eosinophil differentiation factor (EDF)(Sanderson et a/.,1986; Takatsu et al., 
1980; 1985; Swain et al., 1983,1982;. Bond et al., 1987; Duttons al., 1984; and is 
thouroughly reviewed in Möller, 1988)

7.5.1 The IL-5 molecule
IL-5 exists as a highly hydrophobic homodimer of Mr 46,000, reduced to Mr 

23,000-26,000, with a pi around 5.5. IL-5 is heavily glycosylated, around 50% of its 
apparent weight is due to glycosylation. The cDNA codes for a 133 aa long precursor, 
with an 18 aa leader sequence, having a deduced molecular mass of 13,299 daltons. 
There are three potential N-glycosylation sites and 2-3 cysteines with an uncertain role in 
the biological activity (Kinashi et al., 1986).
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7.5.2 The IL-5 receptor
The binding of IL-5 to its receptor is saturable, specific and can be competed out 

with cold IL-5. Receptors are of low and high affinity type having affinity constants of 
1.1x10 nM and 4x10 pM respectively. The number of receptors per cell are estimated to 
be 1000 for the low affinity and 200 for high affinity receptors (Möller et al., 1988)

7.5.3 IL-5 effects on B cells
IL-5 induces proliferation, increased production of Ab, isotype switch and IL-2 

receptor expression. IL-5 supports the growth of B cells in costimulation with DxS which 
is one of the functional assays for BCGF-II. IL-5 enhances the growth of tumor lines 
such as BCLl (Swain et al., 1982) or B-13 (Palacios et al., manuscript in preparation), 
and supports the growth of in vivo activated B cells.

IL-5 has been reported to induce maturation to secretion of IgM Ab not only in the 
BCLl cell line but also in in vivo activated B cells. The IgM response to SRBC and 1,3 
dextran is enhanced by IL-5, eventually in synergy with IL-1. IL-5 can induce DNP- 
primed B cells to terminal differentiation and Ab secretion of the IgM, IgG and IgA 
isotypes. It has been shown that IL-5 induces, at the single cell level, both increase in 
clone size and secretion of IgM in the presence of Ag, but not in its absence (Möller, 
1988).

It has been proposed that IL-5 acts on resting cells, inducing them to Ig secretion. 
This effect is also seen with IL-2 but is 100 times less effective than IL-5. It has been 
reported that IL-5 synergizes with IL-2 to support the maturation to Ig secretion of the 
BCLl cell line and DNP specific cells. The synergy was completly inhibited by mAb 
against the IL-2 receptor (Möller, 1988).

Isotype switching can be influenced by IL-5. It has been reported that IgA levels are 
increased upon IL-5 costimulation with LPS and this augmentation has been verified at 
the RNA level (Möller, 1988)

7.5.4 IL-5 effects on other cells
Induction of cytotoxic cells from peanut agglutini positive (PNA+) precursor 

thymocytes requires a T cell derived factor, in addition to IL-2, that has been operationally 
referred to as killer helper factor, now recognized as IL-5. IL-5 induces the expression of 
IL-2 receptors on PNA+ thymocytes. Furthermore, IL-5 has a differentiation effect on 
eosinophil precursor cells, which are blasted with IL-3 or granulocyte-colony stimulating 
factor (G-CSF) (Möller, 1988)

7.6 Interleukin-6



IL-6 has a wide spectrum of biological activities, it is now clear that the following 
functionally defined factors are the same molecule: interferon ß2 (IFN), 26K, protein, the 
hybridoma and plasmocytoma growth factor (HPGF also called inerleukin HP-1), and 
hepatocyte stimulating factor (Billiau, 1987,1986; Sehgaletal, 1987; Wong et al, 1988).

7.6.1 The IL-6 molecule
IL-6 has a molecular mass of 22- to 29-kDa, and is probably glycosylated; its pi is 

in the range of 5-7 before and 6.5 to 7.2 after treatment with neuraminidase (Haegman et 
al.t 1986). The murine IL-6 cDNA codes for a polypeptide of 211 aa with a typical signal 
sequence of 24 residues forming a mature protein of a calculated molecular mass of 
21,710 Da on which several possible O-glycosylation sites have been found. Significant 
homology was observed between the IL-6 gene and the G-CSF gene at the nucleotide and 
gene organisation level since both have five exons and four introns of similar size 
(Zilberstein et al, 1986; Hirano et a/.,1986).

7.6.2 The IL-6 receptor
On CESS cells the affinity of IL-6 for its receptor is 3.4 xlO-10 M-1 and there are 

about 2,600 recptors per cell. The observation that astrocytoma cells, U 373, and myeloid 
cells, HL-60, present IL-6 receptors on their surface, and that it is possible to induce IL-6 
production in these lines by IL-1 or PMA suggests that IL-6 may be involved in an 
autocrine growth regulatory loop.

7.6.3 Production of IL-6
IL-6 was initially described as a cell specific product restricted to fibroblasts and to 

T cells. It is clear that IL-6 is produced by several cell types, including, monocytes, 
fibroblasts, hepatocytes, cardiac myxoma cells, T24 bladder carcinoma cells, glia cells 
and cascular endothelial cells. Induction of IL-6 production has been reported to be 
achieved by poly(I).(C), TNF, IL-1, PDGF and LPS.

7.6.4 Biological effects of IL-6
IL-6 induces an increased secretion of IgM and IgG as well as an increase in their 

mRNA level in Staphyloccocus aureus Cowan I activated normal human B cells. IgG or 
IgM secretion is also increased in EBV transformed B cell lines in the absence of an effect 
on cell growth. PMA induced Ig secretion in B lymphoblastoid cell lines is inhibited by 
anti-IL-6 Ab. IL-6 has been reported to induce the expression of MAC-1 and HLA in HL- 
60 or U 937 cell lines.

IL-6 has been reported to support the growth of several cells, amongst them are B 
cell hybridomas and plamocytomas, and T cells costimulated with suboptimal doses of
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phytohemagglutinin (PHA). The T cell effect was not due to IL-2 receptor expression or 
to IL-2 production. However, the IL-6 growth stimulatory effect showed a rigorous need 
for careful monocyte depletion. It has also been reported that IL-6 regulates the growth of 
fibroblasts.

Although IL-6 was first defined as IFNß2 the antiviral activity is not detected in the 
recombinant product. An important role for IL-6 lies as regulator of the acute phase 
response proteins. IL-6/hepatocyte stimulating factor induces the secretion of cysteine 
proteinase inhibitor, oc2-macroglobulin, a 1-antitrypsin, hemopexin, orosomucoid, 

haptoglobin and fibrinogen.

7.7 Interleukin-7
In the series of recently purified and cloned factors one finds IL-7. Since this IL is 

concerned with the growth of pre-B cells it falls a bit outside the scope of this overview 
and is named just for the sake of completness.

7.8 Interleukin intereaction
The interactions of ILs with each other and with other factors have already been 

mentioned. However, it is not unlikely that new interactions may be elucidated. ILs 
probably form a network of interactions and it will take time before it is completly 
unveiled. To further complicate the picture, ILs exert their function not only on a common 
target cell, which is then modulated by the combined action of different ILs, but also by 
inducing the secretion of different ILs themselves. Moreover, different selective IL 
induced effects may be obtained depending on the differentiation stage of the target cell. 
ILs may influence the secretion of not only other ILs but also other products, such as 
serum proteins, which in turn may be part of a feed back loops controlling the original 
inducing IL (Miyajima et aL, 1988)

7.9 Other growth factors
Some the factors which have been postulated but which have not been defined up to 

date are listed in the following: allogenic effector factor, B cell replication and maturation 
factor (Andersson et aL, 1979; BRMF), and B cell growth factors from different 
hybridomasand cell lines (Brooks et aL, 1984; Lenhardt et aL, 1982; Garchon et aL, 1983; 
Kishimoto, 1985). Hopefully their mode of action will be solved one day. Melchers et aL 
(1985ab,1986) have described a set of factors, a and ß, which act at different stages of 
the cell cycle, thus allowing the cycling of B cell from phase to another. The a factors 
have been found in CM from different cellular sources such as macropages. The reported 
ILs have in this system been regarded as ß factors.
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8 B CELL MATURATION
Maturation to Ig secretion is the result of the increased transcription and translation 

of the Ig genes. The concomitant increase of secreted Ig proteins is hundred fold. The 
clonal expansion adds another dimension to how the specific humoral immune response is 
increased. Expansion is mediated by factors, which have revealed themselves to also 
induce maturation. Thus, during the time before the isolation of the presented ILs was 
achieved, several maturation factors were proposed. Most of them turned out to be the 
same as the postulated growth factors such as TRF, BCDF |i and y , BSF2. Other 
proposed factors with maturation activity are IFNy, BRMF, motheaten mice serum 
factor. IFNy has been reported to induce the maturation to Ig secretion in pre-B cell lines, 

to increase the MHC class II Ag expression and to induce switch to IgG2a.

9 COMPLEMENT
Complement (C) is a biochemical cascade system with 21 known plasma protein 

components. It can be activated through two pathways, the classical and the alternative, to 
its effector functions. The biological effects can be summarized as follows:

* membrane destabilazation and alteration possibly leading to the lysis of bacterial or 
eukaryoteic cells.

* activation of numerous cellular functions such as histamine release, IL-1 
production, chemotaxis, phagocytosis.

* regulation of the immune response.
The numerous modulatory functions at the cellular level of the C system are 

mediated by cleavage fragments resulting from the activation event. These fragments are 
potent biological mediators for which the responding cell expresses receptors. Most noted 
for interaction with the immune system are complement receptors (CR) 1 and 2. The 
following description will exclusively deal with the alternative pathway of activation.

9.1 Alternative pathway
Activation of the alternative pathway can be divided in two parts. The initial step is 

random; independent of activator substances and poorly understood. The following 
amplification loop is dependent on the activator and on a system of regulatory proteins. 
Activators of the alternative pathway lets the amplification loop react with the C3b deposit 
on its surface, whereas a non activator favors the reaction of C3b with the C3b inactivator 
factor I in the presence of factor H or CR1. Activators includes polysaccharides, LPS, 
inuline, zymosan, virus, fungi and parasite cells.
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9.1.1 Amplification loop
The amplification loop involves three proteins, two of them are specific for the 

alternative pathway, namely factor B and D. Factor B forms a comples with C3b, in the 
presence of Mg^+ (Nicholson et al., 1975; Vogt et al. 1977). This complxes is then 
cleaved by factor D (Lesavre et al., 1978) forming the C3bBb complex. C3bBb is the C3- 
convertase of the alternative pathway.

Fig. 9.1

Factor D is the only serine protease that circulate in active form. It is a polypeptide 
with a molecular mass of 24 kDa with a very restricted specificity. Factor D only cleaves 
factor B when bound to C3b, leading to the liberation of fragment Ba, 33 kDa (Niemann 
et al. 1980). The production of fragment Bb, which is bound to the C3b reveals a serine- 
esterase active site. This serine-esterase has as substrate C3 and C5 (Lesavre et al., 
1979). The C3bBb complex cleaves new C3 molecules to form C3b that can bind factor B
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and which is accessible to cleavage by factor D. Factor D is not degraded during the 
reaction and can thus activate a great number of C3bB complexes (Lesavre et ai, 1978). 
This cyclic reaction constitutes an amplification loop which will continue as long as there 
is sufficient factor B to supply the reaction (see Fig 9.1). The amplification loop 
functions in soluble systems or at surface activator particals (Fearon et al., 1977; Müller- 
Eberhard et ai, 1973; Schreiber etal., 1978).

9.1.2 Regulation of the alternative pathway
Activation of the alternative pathway is regulated at the level of the amplification 

loop by the following mechanisms.

Fig. 9.2
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* C3bBb is unstable at 37°C and dissociates spontaneously and irreversibly in some 
minutes but can be stabilized with the properdin (P) (Feldman et a/.,. 1974). Bb is rapidly 
inactivated while C3b is able to reassociate with new factor B.

* enhanced dissociation of the C3bBb complex due to sterical competition of factor 
H with factor B and Bb for binding sites on C3b (Conrad et al. 1978; Pangburn et al, 
1978; Whaley et al., 1976).

* dissociation of C3bBb can be enhanced by membrane-bound molecules such as 
complement receptor 1 (CR1) which binds C3b, and decay accelerating factor (DAF), 
which binds Bb, with a high affinity when bound to C3b (Pangburn et al., 1986; Seya et 
al., 1985).

* factor I can inactivate irreversibly C3b when bound to factor H or CR1, Fig. 9.2 
(Pangburn et al, 1977; Whaley et al., 1976; Ross et al 1983).

From the above it is clear that the important regulatory step in the alternative 
pathway is the interaction of factor H with C3b. An activator can be defined as having the 
ability to protect C3b from interaction with factor H and subsequent cleavage with factor 
I.

9.2 Receptors for C3 fragments
Receptors for C proteins and their fragments have been described on a great number of 
cells. The only known receptors which are relevant for the alternative pathway are the 
receptors for C3 fragments. These will be presented according to their specificity.

9.2.1 C3a receptor
The terminal Arg in the C3a molecule is indispensable for its binding interaction. 

The receptor is expressed on monocytes, mastocytes, macrophages, lymphocytes, 
eosinophils, neutrophils, platelets, and smooth muscle cells (Pryzdial et al., 1987; 
Schreiber, 1984). C3a is the mediator of anaphylactic shock and degranulates mastocytes, 
(polymorphonuclear cells). Furthermore, C3a enhances the arachidonic acid metabolism. 
All these effects are produced at concentrations which are within the physiological range 
(1 to 10 (ig/ml).

9.2.2 CR1
The CR1 receptor is specific for C3b and has lower affinity for iC3b and C3c 

(Arnaout et al., 1984; Fearon, 1984). It is present on the surface of many cells such as 
erythrocytes, monocytes, macrophages, polymorphonuclear neutrophils (PMN), and B 
and T lymphocytes (Fearon, 1980; Fearon, 1984). The receptor number per cell varies 
from 300-1,000 on erythrocytes (RBC) to 20,000-30,000 on B cells and phagocytic 
cells.



The purified receptor is a single chain polypeptide existing in four allelic forms 
(Fearon, 1979; Klickstein et al, 1987), varying from 160 to 290 kDa (Seya et al., 1985). 
The gene contains long homologous sequences which are composed of 7 smaller subunits 
coding for 60 to 70 aa, which are found on several C3b-binding proteins (Seya et al., 
1985; Wong et al, 1986), such as CR2 (Weis et al, 1986), DAF (Carras et al, 1987), 
factor H (Kristensen et al, 1986; Schulz et al, 1986), and the fragment Ba (Reid et al, 
1986). CR1 enhances the dissociation of the C3bBb complex and C3b cleavage by factor 
I, and is implicated in the metabolism of immune complexes, opsonisation and adherence 
phenomena.

9.2.3 CR2
CR2 binds specifically the fragments iC3b, C3d,g and C3d (Arnaout et al, 1984; 

Ross et al, 1985a; Schreiber, 1984). It is a single chain polypeptide of 140,000 Da (Weis 
et al, 1984) expressed on the surface of some B lymphocytes (Frade et al, 1984). It has 
been formally demonstrated that the CR2 is the receptor for EBV which immortalizes 
human B cells. Thus, it has been postulated that CR2 plays a role in the physiological 
regulation of B cells (Erdei et al, 1985; Frade et al, 1985; Melchers et al., 1985; 
Nemerow et al., 1985). As has been mentioned, CR2 is a member of the family of 
proteins that bind C3b and as such has the previously mentioned 60-70 aa repeat in its 
structure.

9.2.4 CR3
CR3 is a glycosylated heterodimer composed of non-covalently linked a and ß 

chains of 180 and 95 kDa. It binds iC3b and various alternative pathway activators (Ross 
et al., 1985b; Ho et al, 1983). CR3 is expressed on the surface of monocytes, 
macrophages, PMN, NK cells but not on B cells (Amaout et al, 1984; Beller et al, 1982; 
Ross et al, 1985a). The ß chain is a member of the family of the adhesion molecules 
such asLFA-1 (Keizer et al, 1985; Kishimoto etal, 1987; Miller et al, 1986; Sanchez- 
Madrid et al, 1983; Sastre et al, 1986). CR3 is implicated in various biological functions 
such as superoxide ion production, Ig-dependent cellular cytotoxicity and augmentation of 
the IgG-dependent phagocytosis.

9.3 BIOLOGICAL EFFECTS OF COMPLEMENT ACTIVATION
The biological effects of C activation are summarized in the Fig. 9.3. C plays a 

major role in opsonisation, phagocytosis, and enhancement of inflammation, it is also 
involved in the regulation of the immune response. Only the latter point which is related to 
this thesis will be developed.
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Regulation of the immune response by C has been a seductive idea that has attracted 
many investigators. The evidence is indirect and often open to criticism but pointed 
towards C participation in the regulation of proliferation and differentiation of B cells 
(Dukor et al., 1973; Hartmann et al., 1975; Klaus et al., 1986b; Möller et al., 1975; 
Pryjma et al., 1975), the T and B cell cooperation (Feldmann et al., 1974; Lewis et al., 
1977; Waldman et al., 1975), the localisation of Ag in the germinal centers (Embling et 
al., 1978; Gajl-Peczalska et al., 1969), and generation of memory B cells (Klaus et al., 
1977).

Genetic deficiencies in C2 and C4 are associated with systemic lupus erythematosus 
in man while the C4 deficiencient guinea pig responds badly to certain Ag (Ellman et al. 
1971) with the primary and secondary response dominated by IgM. These results have 
been confirmed by the use of C3 deficient guinea pigs (Böttger et al., 1986).

9.3.1 Effects of purified fragments
* C3a inhibits selectively the maturation to Ig secretion without affecting 

proliferation in both human and murine cells (Morgan et al., 1982). The secondary 
response (Hobbs et al., 1982), NK cell activity (Charriaut et al., 1982), mixed



lymphocyte reaction and CTL generation (Balias et al., 1983) have also been reported to 
be inhibited by C3a.

* C3bs effects on the immune response are contradictory. Many experiments are 
difficult to interpret since the rate of degradation of C3 is not controlled. The described 
effects are stimulation or inhibition of Ig secretion (Balias et al., 1983; Erdei et al., 1983; 
Hartmann et al., 1975; Klaus et al., 1986b; Meuth et al., 1983; Needleman et al., 1981).

* C3d has been shown to stimulate LPS-preactivated murine spleen B cells to grow 
and maturate when it was insolubilized; the effect could be inhibited by the addition of 
soluble C3 .

* factor H stimulates the proliferation of murine B cells in the presence of fetal calf 
serum (Hartmann et al., 1975). It has been speculated that factor H contaminates the C3 
preparations that are biologically active.

* factor B is cleaved into fragments Bb and Ba. Bb has been reported to inhibit the 
migration of murine macrophages and to interact with C5. Ba has been reported by us 
(paper III) to have growth-supporting activity on LPS preactivated murine spleen B 
cells.

9.3.2 The role of the receptors for C3 fragments
These studies were done using mAbs directed against different receptor epitopes, 

instead of purified C3 fragments, and are thus more reproducible because of the instability 
of the fragments.

*CR1-specific polyclonal antisera increases the synthesis of IgM, IgG and IGA by 
human PBL cells costimulated with PWM. F(ab')2 and Fab' have the same effects. 
However the latter is much less active (Daha et al., 1984). Soluble C3b is not active in 
this system.

* CR2, is only expressed on B cells, the coculture of anti-CR2 F(ab')2 fragments 
with partially purified T cell-CM induces a synergistic growth response. On the other 
hand whole Ab is strongly inhibitory, thereby reflecting a possible Fc-inhibition (Frade et 
a/., 1985). Other studies have obtained similar results with mAb (Mittler et al., 1983; 
Nemerow et al., 1985; Wilson et al., 1985).

10 THE MYCOPLASMAS
Mycoplasmas are the smallest and simplest self-replicating prokaryotes containing 

the minimum set of organelles essential for growth and replication: a plasma membrane, 
ribosomes, and a double stranded deoxyribonucleic acid molecule. They lack important 
metabclical pathways, making them dependent on the presence of precursor molecules 
and lipids in their culture media. Mycoplasmas are parasites and have been found to live 
on plants, insects, animals and humans, causing diseases and subclinical infections.
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Moreover, they are insidious cell culture contaminants causing a large range of artefacts. 
All references used are cited in papers IV-VI, Cassel et al, 1987, and Barile et 
al, 1979.

10.1 Taxonomy
Mycoplasmas belong to the eubacteria and are a separate order of the class of 

mollicutes. The similarity between bacterial L-Forms and mycoplasmas has motivated a 
considerable amount of studies directed towards the demonstration of uniqueness of 
mycoplasmas. Although mycoplasma has been used as a common denominator for all the 
microorganisms in the class, it is incorrect and they should be called mollicutes 
(mollis=soft, cutis=skin). The mollicutes today compromise more than 80 species, Table 
10.1. The Mycoplasma arginini that has been analyzed in this thesis belongs to the first 
group in Table. 10.1.

Properties of the Mycoplasmas

Genus

Current 
number of 

species

Genome

Size
(megadaltons)

G + C
content

(%)
Cholesterol

requirement Characteristics Habitat

Mycoplasma >70 -500 23-40 + Fermentative and 
nonfermentative; 
gliding motility in 
some

Animals

Ureaplasma 2 -500 27-30 + Urease activity; 
hexokinase and 
lactate dehydrog
enase absent

Animals

Acholeplasma >8 -1000 29-35 F DP-activated 
lactate
dehydrogenase

Animals, 
insects, 
plant surfaces

Spiroplasma >3 -1000 26-29 + Helical filaments; 
flexing motility

Insects,
plants,
(animals)

Anaeroplasma
(uncertain
affiliation)

2 Unknown -29
-40

+/- Obligate
anaerobes

Rumen of cattle 
and sheep

10.2 General descri ption
The coccus is the basic form of the mycoplasmas. Elongated, fusiform or 

filamentous cells (up to 100 pm in length and about 0,4 pm in thicknes) can be observed 
and some form true myceloid structures, hence the name mycoplasma (myces=fungi and 
plasma=form). The mode of reproduction is by binary fission. However, in 
mycoplasmas cytoplasmic division may frequently lag behind the genome replication, 
resulting in the formation of multinucleated filaments.



Mycoplasmas are the ideal parasite since the infection seldom leads to death but to 
subclinical manifestations. Infection often results in pneumonia, arthritis, development of 
autoimmune antibodies and loss of body weight.

10.5 Nutrition and growth
Mycoplasmas require complex growth media consisting of heart infusion, 

peptone, yeast extract and serum. Two main groups of mollicutes can be defined, namely 
cholesterol requiring and cholesterol non requiring. All mycoplasmas require cholesterol 
for their growth while the acholeplasmas do not. Supplements of one purine, one 
pyrimidine base, vitamines and amino acids are essential for mycoplasmal growth. The 
mycoplasmas can be further divided into fermentative or non-fermentative types. Their 
energy yielding mechanisms are not very efficient and therefore they consume large 
amounts of substrate and rapidly deplete the culture media from arginine.

10.6 Cell membrane
Since mycoplasmas do not have a cell wall they have become the pet of membrane 

biologists, provided they can be grown in defined medium. A cell membrane can be 
crudly dived in lipids, lipopolysaccharides and proteins.

Essentially all of the lipids are found associated with the cytoplasmic membrane. 
Total lipids in midexponentially growing cells compromise 3-20% of the dry weight of 
whole cells, and 25-35% of the dry weight of membranes although the figures vary 
greatly between the species (Smith, 1979). The distribution of total lipids among the three 
major classes, also varies among the different species. Lipid content can be modulated by 
exogenously supplied lipids. The fatty acids found are predominantly Cl4:0, Cl6:0 and 
08:0.

Lipoglycans (LP), term LP used exclusively for mycoplasma LPS, accounts for 
about 1% of the dry weght of the acholeplasmas. LP are structurally distinct from those 
occurring in gram-negative bacteria and are extractable with hot aqueous phenol. In fact, 
LP induces the Limulus lysate clotting with 104 to 105 times less potency than LPS. LP 
structure is much simpler than LPS from gram-negative bacteria. Introduction of LP from 
Acholeplasma axanthum in mice and rabbit does not result in significant Ab production 
(Lynn et al., 1980; Hudson et al., 1967). However, when LP are presented in the context 
of membranes, from erythrocytes or from A. axanthum, a significant response is 
observed. Intravenous injection of LP-coated erythrocytes gives rise to IgM production. 
Erythrocytes, epithelial cells and kidney cells have been used to identify the receptor for 
A. axanthum LP (Al-Samari et al., 1982). LP is not a mitogen for either B or T cells, in 
fact it inhibits the response to LPS and Con A (Smith, 1987)
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Most of the mycoplasma membrane is made of proteins. Apart from their structural 
and catalytic roles, they have a major share in the immunological activities of 
mycoplasmas. The antigenic heterogeneity between the mycoplasma species is striking. 
However, they can be divided into six groups according to serological reaction patterns. 
In addition, there is important antigenic variation within species; M. arginini has been 
recognized as a specially diversified group with some common Ag and many specific Ag 
for the strains analyzed (Kenny et al., 1980).

10.7 Mycoplasma habitats, murine mycoplasmas
The mycoplasmas are ubiquitous in nature and they colonize organisms ranging 

from plants to humans. They cause important problems in breeding of cattle, swine, 
birds, horses, as well as in the mantainance of laboratory animals. Mycoplasmas can be 
found in localities with mucosal lining as in the lungs, ears, digesetive tract and genital 
tract (Barile et al., 1979 myco II).

Infection of mice colonies with mycoplasma is not uncommon and poses a serious 
problems. More insidious than the direct loss of animals is the undermining of the validity 
of scientific experiments that use murine models (Lindsay, et al., 1978). The most 
commonly found pathogens in mice are M. pulmonis, M. arthritidis and M. neurolyticum.

The common disease in animal facilities, chronic murine respiratory disease or 
murine respiratory mycoplasmosis (MRM), is caused by M. pulmonis (Lutsky et al., 
1966; Lindsay et al., 1973). Offspring of affected mothers are infected as a result of 
aerosol transmission and may even be acquired in utero. Once mice are infected, a slowly 
progressing respiratory disease developes that may persist for life and thus serves as a 
reservoir for M. pulmonis infections The infection often exist without other clinical 
manifestations than snuffling, rales, rubbing of the eyes and head tilt resulting from 
labyrinthitis. Later weight loss, roughened fur, serosanguinous nasal and ocular 
discharges, and dyspnea can be observed. Experimentally, it is possible to induce three 
distinct syndromes in mice. When infected with less than 104 colony forming units 
(CFU) minimal lesions develop that usually regress completely in 30 days. When greater 
than 105 CFU are given, two additional syndromes result. The first is acute and may kill 
the animal presenting edematous fluids and pulmonary hemorrhage. The surviving mice 
develop chronic bronchopneumonia. Age, genetic constitution and concomitant infections 
influence the course of the disease.

Mice respond to infection with increased production of IgM, IgGl, IgG2 and IgA in 
lungs and lymph nodes. However, Ab production does not help the animal to recover 
from the respiratory disease but can protect if administered before infection. The poor 
recovery from disease may be due to organism seclusion within sites devoid of immune 
effector mechanisms, inefficient phagocytosis, release of soluble Ag, alteration of



lymhocyte responsiveness such as interaction with MHC Ag, and antigenic variation as 
well as antigenic diguise such as taking up the host cell Ag Thy-1 on their membrane.

Natural infection with M. neurolyticum produces only conjuctivitis in mice (Nelson, 
1950 a,b). However, intravenous or intraperitoneal injections of viable M. neurolyticum 
or cell filtrates, produces the "rolling" disease (Findlay et al., 1938). It is characterized by 
an abrupt onset of continuous rolling which persists for several hours and terminates in 
death. The "rolling" disease is produced by an exotoxin which affects the blood supply to 
the brain (Thomas, 1969).

Although M. arthritidis does not naturally infect mice, it produces chronic arthritis, 
which lasts for six months, after intravenous injection. There is a marked variation in 
response among mouse strains. As will be seen later, a M. arthritidis excretes a protein 
which has MHC das II Ag restricted T cell mitogenic properties.

In man "primary atypic pneumonia" (PAP) is produced by M. pneumonia although 
the disease is generally mild, several fatal cases have been reported. Patients with PAP 
frequently develop a variety of auto-antibody during disease, including cold (ant-I) 
agglutinins, and agglutinins to lung, to brain , to Wasserman cardiolipins, and to smooth 
muscle (Biberfeld, 1971a). Septicemia, caused by mycoplasmas, is not common; 
however, it has been observed upon treatment in immunosuppresion. In addition M. 
pneumonia, has been described as being a polyclonal mitogen for human and murine B 
cells (Biberfeld, 1976). M. pneumonia, has a specialized attachement structure, tip, 
containing a 140 kDa protein that has been proposed to play an important role in the 
cytoadherence. The PI receptor has been identified as the I-carbohydrate Ag on 
erythrocytes. Recently, an additional 32 kDa protein has been proposed to be important 
for the agglutination of red blood cells.

10.8 Mycoplasma arginini
Mycoplasma arginini is one of the few mycoplasmas isolated from cattle that is 

frequently isolated from other animal species; these include sheep, goats, chamois, cats 
and mice. As the name implies, M. arginini metabolizes arginine in order to satisfy its 
energy requirements. In addition, it requires cholesterol, has a G+C content of 25% , and 
is digitonin sensitive. Few studies have been done to investigate the pathogenicity of M. 
arginini. The evidence produced indicate that this mycoplasma is not very pathogenic.

10.9 Mycoplasma contamination of cell cultures
Mycoplasma infected cultures generally contain two logs more mycoplasmas than 

eukaryotic cells. This infection is not usually visable since mycoplasmas do not increase 
turbidity upon infection. Mycoplasma DNA can account for 15 to 30% of the totally 
extracted DNA from such contaminated cultures. Four species, M. orale, M. arginini, M.
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hyorhinis and Acholeplasma laidlawii account for 86% of the isolates. Bovine serum is 
still the most common source of contamination because the filtration is made at high 
pressure. Once in the culture they multiply. Another source of contamination is mouth- 
pipetting, which generally causes infection with M. orale.

Detection of mycoplasmas is a difficult task. The culture of mycoplasma, in special 
media, has been the method of choice for mycoplasma detection. However, the technique 
is tedious and slow. Now, it is possible to detect less than 103 mycoplasmas by 
hybridisation with rRNA probes; this may be a fast and reliable way to establish whether 
a culture of eukaryotic cells is contaminated. Staining with fluorescent DNA-binding 
dyes, histological staining techniques, and electronmicroscopy have all been used to 
detect mycoplasma contamination. The ratio of incorporated radiolabeled uridine to uracil 
and the measurement of different enzyme activites have also been used as indicators for 
contamination.

Evidently , it is highly desirable to eliminate the contaminating mycoplasmas from 
cell cultures. Although several groups have addressed the question, it is so far not 
possible to provide an easy, simple, and safe way to clean cell cultures from 
mycoplasmas. Many procedures have been proposed, antibiotics, UV-light crosslinking, 
macrophages and antibiotics combined, in vivo passage of cell lines, and detergents. 
Arguments can be raised against any of these procedures.

The presence of mycoplasmas in eukaryotic cell cultures induces a series of 
metabolical changes which are more or less deleterious for the cell itself and for the assays 
in which they are used. Chromosomal abnormalities have been observed in mycoplasma 
infected cell cultures; non-stable abnormalities return to normal once they have been 
"cured” with antibiotic. The cromosomal aberration are believed to be due to interference 
with the host metabolism, such as arginin depletion of the media. The observed cytopathic 
effects are due to depletion of the culture medium of essential components. M. arginini 
has been reported to produce cellular lysis in human lymphoblastoid cell lines and M. 
arthrtidis to inhibit PHA stimulation of lymphocytes which could be reversed by the 
addition of arginine. Mycoplasmas contain nucleosidases which will deplete the medium 
of nucleosides.

10.10 Mycoplasma effects on lymphocytes
Different mycoplasmas have been recognized to induce activation and mitogenesis of 

lymphocytes of various species. Leventhal et al. (1968) first demonstrated that M. 
pneumonia stimulated blast formation and mitosis in lymphocyte cultures of patients with 
PAP, these findings were soon confirmed by several groups. The polyclonal mitogenic 
activity and blast transformation induced by mycoplasmas was first shown by Ginsbug 
and Nicolet (1973) and was confirmed by several other groups in human, murine, rat,



and sheep lymphocytes. Thus, it is well established that mycoplasmas are polyclonal 
activators and mitogens. However, the mitogenic effects are host specific and in some 
cases cell type specific.
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11 AIMS OF THE PROJECT
The concepts that B cell functions could be controlled by soluble products were 

fundamental in defining the outlines of the work which has resulted in this thesis. 
Growth and maturation of B cells is regulated by different soluble factors while B cell 
activation, to growth and maturation, needs a cell to cell contact. T helper cells mediate the 
activation and produce the soluble factors or lymphokines. Fusion of T cell tumor lines 
with spleen cells produces T-T hybrids that immortalize the Th cell properties. Since the 
primary aim of this study is to identify B cell growth stimulatory factors such T-T hybrids 
were screened for these properties.

12 DEVELOPMENT OF THE PROJECT
Concanavalin A activated spleen cells were'Tused" to a T cell tumor. Hybrids 

produced were tested for several biological activities such as BCGF/BSF, TCGF, IFN 
and TRF. One hybrid, called TUH-3 (paper I), was isolated for its activity in the 
support the growth of LPS-preactivated B cell blasts. TUH-3 produced a B cell specific 
factor, distinct from TCGF, which is unspecific with respect to MHC or Ig haplotype and 
Ag. It was poor in supporting the development of Ig secreting cells in B cell blast 
cultures. Hybrids often loose the properties for which they were selected. In the case of 
TUH-3 it lost its factor producing activity more or less simultaneously with the awareness 
that TUH-3 it had become infected with a mycoplasma. The exact date of conatmination 
has not been possible to establish. Production of T-T hybrids was started all over again, 
in order to reproduce the results obtained in paper I. The lines obtained were screened 
for growth supporting activity of LPS-preactivated B cell blasts, and for maturation factor 
activity, measured as the increase in total amount of PFC, IgGl, IgA PFC. An isolated 
hybrid, TUH-14, produced a soluble activity inhibiting maturation to Ig secretion, which 
was shown to support B cell blast growth at high dilutions. The finding was not 
surprising in view of the biological specificities attributed to factors. Paper I shows that 
the TUH-3 product was not able to induce maturation. Other than the effect on 
maturation, the TUH-14 product exhibited the same properties as the TUH-3 factor. 
Although the experiments were reproducible, from a qualitative point of view, the 
quantitative discrepancies became apparent. The nature of the observed phenomena was 
realized in a series of crucial experiments, described in paper IV. The B cell specific 
biological activity cosedimented with a M.arginini contaminating the TUH-14 line. The 
biological effects of the conaminating mycoplasma are further developed in Paper V.

The findings on mycoplasma contamination were troublesome and put our 
preconceptions in question. First, was it right to use Con A stimulated spleen cells, as the 
source of activated Th cells, for the production of T-T hybrids? In other words, was it 
possible to produce B cell growth factors by the Con A stimulation of murine spleen



cells? Second, were the findings in paper I due to a mycoplasma which contaminated the 
TUH-3 cell line? Third, what was the M.arginini induced lymphokine-like activity? 
Which molecular entity induced the B cell growth supporting activity? These were the 
questions which lead to the lines of investigation followed. In addition, the fact that 
mycoplasmas are parasites, that the complement system can be activated by LPS and by 
certain mycoplasmas, and that complement proteins have been proposed to regulate the 
lymphoid immune response, motivated the study of the role of fragment Ba, in the 
regulation of lymphocyte growth.



RESULTS AND DISCUSSION

13.1 Obtained results
The large body of work and discussion are resumed in the accompanying papers I- 

VI. This part will focus on the questions brought up in the previous section, describing 
the development of the project. Unpublished results will be presented when considered to 
be relevant and/or to give background information for the published papers.

Paper I shows the recognition of a T-T hybrid cell line, TUH-3, secreting a soluble 
activity which supports the growth of LPS-preactivated B cells. The characteristics of this 
factor, B cell growth factor (BCGF), are as follows. BCGF migrated, by gelfiltration, 
with an apparently lower Mr than TCGF, and it is adsorbed and acts on B cells. In 
addition, it was found that BCGF did not depend on the expression of MHC or Ig 
haplotype to be able to support the growth of LPS-blasts. The Ag specifivity of the 
growth supported B cell was also found to be of no importance. Finally, BCGF was not 
able to support the maturation to Ig secretion of LPS-preactivated B cells. The mentioned 
properties fulfilled the predefined properties that a B cell growth factor should possess: to 
be B cell specific, support the growth of only preactivated B cells, not induce maturation 
to Ig secretion and to be produced by a T cell.

Unforttmatly, the TUH-3 T-T hybrid cell line lost its property to produce BCGF. 
Since the biological, and in particular immunological, question was exciting and 
important, as has been outlined in the general introduction, it was decided that new T-T 
hybrids should be produced. Hybrid lines obtained were screened for both growth 
supporting activity of LPS-preactivated B cell blasts, and for maturation factor activity.

One isolated hybrid, TUH-13 paper IV, produced an activity, present in its 
conditioned medium (CM), which inhibited the maturation to Ig secretion. Moreover, the 
same CM was shown to support B cell blast growth at very high dilutions. The dual 
activity of a CM could be the result of two different factors or it could be due to one 
factor. This question was addressed by applying concentrated CM on to molecular sieving 
columns. That both activities coeluted, was taken as an indication that inhibition of 
maturation and growth support were mediated by the same molecular entity. This is not 
surprising in view of the biological specificities that are attributed to factors. Indeed, since 
growth is counteracted by maturation, it could be expected that a growth factor would 
inhibit the maturation. The interpretation of the findings was supported by results 
showing, that the addition of a maturation factor containing CM overrode maturation 
inhibition by TUH-13, paper V. The conclusion that the TUH-13 CM indeed was a 
lymphokine is supported by the observation that resting cells are not activated to grow and 
that the activity was specific for LPS-preactivated B cells. However, quantitative 
discrepancies in long series of experiments became apparent with time. Thus, the results



obtained with TUH-13 were subjected to a critical reevaluation. The nature of the 
observed phenomena was realized in a series of crucial experiments, described in paper 
IV. It was found that the B cell growth supporting activity cosedimented with a M. 
arginini which was contaminating the hybridoma. Since the mycoplasma was found on 
the TUH-13 T-T hybrid cell line, it was called TUH-13. These results are published in 
paper IV, in which we take the conclusion that the Mycoplasma arginini TUH-13 
induces a lympokine-like activity. This activity was shown to be specific for M.arginini 
TUH-13 since three other M. arginini strains were tested, and found negative (Ruuth et 
al., 1984). Thus, once we established that M.arginini TUH-13 produced a lymphokine- 
like activity, we decided to investigate the molecular nature of this host-parasite 
relationship.

Since the TUH-3 cell line had lost its growth supporting activity, and in the 
meantime become infected with mycoplasma, at a date we could not define, it became 
urgent to answer the nasty question of whether the TUH-3 activity was due to a 
mycoplasma. Three lines of research have been followed in order to produce evidence that 
the TUH-3 activity was not due to a mycoplasma contamination. 1.) retrospective analysis 
of the results suggested that the published results were produced during a time when the 
cell line was not infected. This sort procedure is not completely satisfactory. 2.) if the 
results in paper I are true, then it should be possible to identify or detect a BCGF, 
distinct from IL-2, in CM from Con A stimulated murine spleen cells. This point is 
specially important in light of the reports claiming that no B cell growth supporting 
activity could be detected i CM from Con A stimulated murine spleen cells ( ). If it is not 
possible to identify a factor that can support the growth of LPS-preactivated B cells in CM 
from murine spleen cells, it must be concluded that the TUH-3 activity was likely to be 
due to a mycoplasma. Since we were able to find such an activity in CM from Con A 
stimulated murine spleen cells it can be concluded that data in paper I is likely to be 
valid. However, such a demonstration is not direct and does exclude the possibility that 
the M.arginini caused or contributed to the TUH-3 activity. 3.) the TUH-3 infecting 
mycoplasma was typed to be of the same strain as the TUH-13 mycoplasma. Thus, 
comparative in vivo studies using TUH-3 CM, which we suspected to be free of 
mycoplasma, with cultured M.arginini should allow differentiation between the effects of 
a mycoplasma and a real lymphokine effect. Such experiments were performed and the 
results show completely different in vivo responses to the TUH-3 CM and the M. 
Arginini challenge.

In the following I will present additional data which adds to the overall picture of the 
published results. The optimization of the conditions for production of the growth 
supporting activity in CM from Con A stimulated spleen cells and a functional 
characterization of the responsiveness of the LPS-preactivated B cells. Furthermore, I will
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present an initial biological characterization of the proteins in the phenol phase from 
extracted M. arginini membranes.

13.2 Optimization of the Concanavalin A stimulation
Con A stimulation of murine spleen cells was chosen a priori as a method to activate 

B cell lymphokine producing cells, with the aim to fuse them as in paper I, since it had 
been shown that such stimulation induced the production of the lymphokines TCGF and 
TRF. Thus, we were set for the demonstration of the existence of an activity in CM from 
Con A stimulated murine spleen cells (Con A-CM). The initial findings demonstrated that 
a growth supporting activity existed. However, since we work in bulk cultures it was 
imperative to show that the activity was not due to the action of IL-2 on B cells. We 
performed a set of experiments, depletion of T cells and gelfiltration, in which evidences 
was obtained for that the growth supporting activity in Con A-CM was not due to the 
growth supporting activity of IL-2 on T cells. Fig. 13.1 shows the results of a 
molecular sieving experiment on an AcA 54 gel from which each fraction was tested for B 
cell stimulatory activity (BSF) and IL-2 (as T cell growth activity TCGF). Encouraged by 
these results we initiated a more thorough investigation of the production conditions.

The effect of different cell concentrations on the production of BSF was 
investigated. Cultures, with three different cell concentrations, were stimulated with Con 
A (2,5 pg/ml) during a period of 24 h. CM from stimulated cultures was harvested by 

centrifugation, filtrated and frozen untill tested. The testing was done as described in the 
"Materials and Methods" section in paper II. The data presented in Fig. 13.2 shows 
that the best cell concentration is 5x106 cells/ml.

Different concentrations of Con A were added to spleen cell cultures (5xl06 
cells/ml). The CM was treated as described previously in paper II. The results of such 
an experiment is shown in Fig 13.3, optimal concentration of Con A for BSF 
production is attained at 10 |ig/ml.

Whether age had any influence on the production of BSF from Con A-CM was also 
examined. In Fig. 13.4 it is demonstrated that the production of this B cell stimulatory 
factor was dependent on the age of the animal used. The older the mouse the better the 
production of factor. BSF activity could be detected early (6h) after the start of the Con A 
stimulation. After a peak of BSF production between 16h and 24h there is a decrease in 
the level of measured factor. Since the CM are cumulative, it could be argued that the 
factor is catabolized or that an inhibitory factor is produced. We have observed an 
inhibitory activity, for LPS and BSF stimulation, in the void volume of a separation of 
Con A-CM on a AcA-54 column; however, this line of research has not been developed 
further.



In this context it should be mentioned that the growth supporting activity in Con A 
stimulated murine spleen cells could not always be initially detected. However, 
gelfiltration or ion exchange chromatography is always effective in removing the 
inhibition effect and growth supporting activity was usually found in the post-albumin 
fraction.

To complete this survey we tried to determine optimal constitution of cell types for 
production. Spleen cells were depleted of Thy-1+, Lyt-2+, or macrophages. The results 
show that spleen cells produce 129 U/ml; the depletion of Thy-l+cells resulted in a 
dramatic loss of BSF recovery from the CM (0 U/ml). Depletion of Lyt-2+cells and 
macrophage cells resulted in 110 U/ml and 198 U/ml, respectively.

13.3 Characterization of BSF from Con A CM
Thé previously presented data were encouraging/however, the use of unseparated 

CM made it impossible to determine if the growth supporting activity was due to a new 
lymphokine. The initial goal was to differentiate between the EL-2 in Con A-CM and the B 
cell growth supporting activity found in the same sorce. It was particularly important to 
do so since it has been reported that B cells can respond with growth when they are 
stimulated with IL-2. Evidence had to be produced along two lines, namely, 1.) that the 
biochemical properties of the growth factor in ConA-CM are different from any other EL, 
and 2.) that the growth assay used is specific for the factor in the Con A-CM. Thus, a 
biochemical characterization was started in order to see if the growth supporting activity 
found for the LPS-preactivated B cell blasts could be differentiated from other known 
factors. The results from such a biochemical characterization are presented in paper II in 
which we concluded that we have indentified a new factor, termed BSF-LPS.

13.4 Specificity of the bioassays
As argued earlier, the second line of evidence should try to clarify the specifcities of 

the bioassays. During the studies of the growth requirements of LPS-preactivated B cells 
it was remarked that these cells seemed behaviour to have different than B cells activated 
in other ways. The availability of recombinant interleukins allowed us to do a more 
stringent study than was previously possible. Thus, it could be demonstrated that T cell 
depleted LPS-preactivated B cells did not respond to IL-1 to IL-5 (manuscript); nor was a 
mixture of IL-2, IL-4 and IL-5, in any combination, sufficient to promote the growth of 
LPS-preactivated B cells blasts, Fig. 13.5. This result supports the idea that BSF-LPS 
is an independent lymphokine. Furthermore, we investigated the responsiveness of three 
other growth assays to BSF-LPS, Fig. 13.6, namely the anti-IgM costimulary assay 
(panel A), DxS costimulation (panel B), and the LPS-blast assay (panel C). The symbols 
are as follows IL-1 (A), IL-2 ( □), IL-4 (■ ), IL-5 ( • ), and BSF-LPS (♦). The
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conclusion that BSF-LPS is unique is strengthened by the fact that we demonstrate it acts 
only on LPS-preactivated B cells and not on anti-IgM or DxS costimulated B cells.

Since the factor, found in the CM from TUH-3, was not sufficiently biochemically 
characterized, it is not possible to state if BSF-LPS and the TUH-3 factor are identical. 
However, it is possible to say that Con A stimulation of murine spleen cells leads to the 
production of lymphokine(s) that support the proliferation of LPS-preativated B cell blasts 
and other lymphokines such as IL-5.

13.5 In vivo effects of TUH-3 CM and M. arginini
One possible way to distinguish between a possibly contaminating mycoplasma and 

a putative lymphokine is to analyze the effects obtained in vivo with TUH-CM and with 
M. arginini. As mentioned earlier, the isolated mycoplasma in TUH-13 was typed to be 
the same in TUH-3.

Different concentrations of TUH-3 CM and M. arginini were injected intravenously 
into mice. Analysis of the effects were performed using several parameters; cell numbers, 
[3H]-TdR uptake as well as the number of PFC in spleen and bone marrow (BM) were 

measured. There are striking differences between the effects of TUH-3 CM and M. 
arginini , as can be seen from Fig. 13.7 and 13.8, respectively. TUH-3 CM induces a 
transient increase in the [3H]-TdR uptake in spleen and a more prolonged, over the whole 
experimental period, in BM, Fig.13.7A. M. arginini induces an increase of the [3H]- 
TdR uptake in the spleen while it is decreased in the BM, Fig. 13.8A.

The intravenous administration of TUH-3 CM and M. arginini. induces an increase 
in cell spleen numbers. However the effect of M. arginini.T\JH-13 is more impressive 
than TUH-3 CM, Fig. 13.7B and 13.8B. The effects of TUH-13 and TUH-3 CM on 
the cell number in the BM are minimal.

In contrast, largely opposite effects are seen when measuring the amount of PFC in 
the spleen and in the BM after intravenous injection of TUH-3 CM or TUH-13. TUH-3 
CM induces a decrease of the PFC numbers in the spleen, and an increase in the BM, 
Fig. 13.7C; in contrast, M. arginini induces a large increase in the numbers of PFC in 
the spleen but essentially no change in the BM, Fig. 13.8C. Thus, important 
differences can be seen supporting the initial findings reported in paper I. Furthermore, 
the differences in the responses become evenmore evident when analyzing the isotype 
distribution pattern induced by the two different products. The TUH-3 CM induced 
inhibition of PFC in the spleen affects all the measured isotypes Fig. 13.9. In the BM, 
TUH-3 CM induces an increased numbers of PFC, most impressively in the T cell 
dependent isotype IgA. IgM, IgG2b, IgGl and IgG2a PFCs are also increased but to a 
less impressive extent, Fig 13.10. Interestingly, the numbers of IgG3 PFC are 
decreased.
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M. arginini induces a radically different picture. There is an important increase in the 
amount of PFC in the spleen in response to intravenous M. arginini which is dose 
dependent and maximal at day 5 (in Fig. 13.11). Moreover, the response shows a 
characteristic isotype distribution. A rapid dose dependent increase in the amount of IgM 
PFC is seen (maximal at day 3), and represents 78% of the total PFC produced. At day 5 
the IgM expression decreases, and is later inhibited even compared with the control. IgG3 
PFCs show a spectacular increase in number (100-fold at day 5) compared with 
background control. IgG2a and IgG2b isotypes also show an significant increase ranging 
from 50 to 60 times the background level. At day 5 these isotypes represent 88% of the 
total PFC amount at the highest M. arginini concentration used. The individual values are 
23, 32, 33 % for IgG3, IgG2b and IgG2a respectively. The level of IgGl follows the 
general increase of PFC, that is a 10 fold increase compared with the background level. In 
contrast, the relative amount of IgA PFC is decreased by 10 fold. In addition, the actual 
number of PFCs is inhibited compared with the control. The amount of PFC in BM is 
doubled during the 3 first days but no dramatic change in the isotype pattern is observed 
(all in vivo experiments have been done in collaboration with Dr. Mariana Björklund).

A rather safe conclusion is that the TUH-3 CM and the M. arginini induce different 
responses in mice. Since the mycoplasma found on TUH-3 was typed to be the same as 
the one on TUH-13 it is likely that the activity, initially found in TUH-3 CM, was a true 
lymphokine. The identity of the TUH-3 lymphokine, will not be possible to establish in 
this thesis. Studies using pure recombinant ILs in in vivo experiments will perhaps allow 
the eventual identification of the TUH-3 factor.

The observed pattem of response to M. arginini TUH-13 injection is very similar to 
the one observed after E. coli LPS injection. Thus, it can be concluded that the in vivo 
response to TUH-13 challenge is more characteristic of a LPS response than it is 
lymphokine response.

13.6 Biological activities of M. arginini
The effects which are induced by this hybridoma contaminant in vitro were defined 

as being lymphokine-like in paper IV and V. Thus, we had a host-parasite relationship 
that mimicked a lymphokine. This was considered to be a potential case of molecular 
mimicry, a well established prokaryoteic phenomenon. In vivo analysis of the effects of 
mycoplasma fulfilled two goals. First, exclusion of the possibility that the TUH-3 CM 
activity was due to mycoplasma, which has been presented earlier. Second, to correlate 
the observed in vitro effects of whole living M. arginini TUH-13 and its components 
with the in vivo effects. The conclusion of the goals within the study have already been 
delivered. However, further goal is to test to what extent the mycoplasma or its products 
are LPS or lymphokine-like. A molecular analysis should lead to a better understanding of
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the host-parasite interaction and allow the identification of the molecules responsible.
The broadening likeness of the TUH-13 activity, to that of LPS, motivated the 

question whether the lipoglycans (LP) from M. arginini played any role in the biological 
effect. Concerning the growth supporting activity this question has been addressed in 
paper VI(Fig. 3) and LP does not support the growth of LPS-preactivated B cells. No 
maturation inducing activity was detected in the LP preparations from the TUH-13 
mycoplasma. On the contrary, in preliminary experiments it seems that maturation is 
inhibited rather than stimulated. Thus, LP has no LPS-like activity.

The intravenous administration of M. arginini TUH-13 induced a remarkable 
maturation of B cells, contrasting with the in vitro findings in paper V. Thus, a 
component(s), dsitinct from LP, is capable of inducing maturation in the whole animal. In 
addition, it is possible from the discrepancy between the in vivo and in vitro results that 
an inhibitory component exists. Therefore it should not be surprising to find that the 
purified and semipurified products induce different responses than the whole 
microorganism. Fig. 13.12 shows an experiment were the maturation inducing activity 
of the TUH-13 phenol phase is measured (the nature of the phenol phase is explained in 
the materials and methods of paper VI). The TUH-13 phenol phase is able to induce a 
maturation response which although less important than the growth supporting activity is 
significant. This finding supports the previously mentioned hypothesis concerning an 
inhibitory activity in the Mycoplasma arginini TUH-13, and also that an LPS-like activity 
is produced by the microorgansim.

The growth supporting activity of the phenol phase is not restricted to the B cells 
activated by LPS. Normal spleen cells respond to the TUH-13 phenol phase with 
increased [3H]-TdR uptake, Fig. 13.13. In preliminary experiments high density, 
percoll separated, spleen cells also responded to TUH-13 phenol phase. Thus, TUH-13 
can activate, as well as supporting the growth of B cells. However further research 
should be performed with reference to this special point. Costimulation of murine spleen 
cells with anti IgM or DxS gives completly opposite results; the response to TUH-13 is 
enhanced in the presence of DxS meawhile it is inhibited in the presence of anti-IgM, 
Fig.13.13. Thus, in these experimental systems TUH-13 behaves as LPS. However, 
the LPS-likeness stops at the level of genetic defect of the LPS non-responder mouse 
C3H/HeJ. The TUH-13 activity on spleen cells from the LPS non-responsive mouse 
strain C3H/HeJ shows no difference, in specific activity or in response amplitude, when 
compared with the LPS-high responder strain C57B1/6, Fig.13.13.

The mechanism behind the cellular activation is not known. Preliminary experiments 
show that activation of growth behaves in a LPS-like manner. TUH-13 activity is not 
susceptible to inhibition by cholera toxin or pertussis toxin. In contrast, the effect of 
TUH-13 is partially inhibited by cyclosporin A, trifluoroperazin, verapamil, theophylline,
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diBu cAMP and TMB 8 while the effect of LPS is not inhibited at all (data not shown).
Growth supporting effects may be due to the induction of lymphokines (produced by 

accesory cells present as contaminants in the cultures) or to the direct action of the 
mycoplasma proteins on the B cells. It should be possible to distinguish between these 
two possibilities. In fact a partial answer is given by the observation that TUH-13 does 
not induce the responsivness of B cells to IL-1, IL-2, IL-4 and IL-5; neither when used as 
costimulant at any dose of TUH-13 nor at prestimulant (data not shown).

13.7 Purification and characterization
The approach and the obtained results of the purification and characterization of the 

growth responsible proteins in TUH-13 are presented in paper VI. The recognition of 
the protein nature of the growth supporting activity came from proteinase K treatment of 
TUH-13 membranes, which I take the freedom to show in Fig. 13.15.

It was found that the growth supporting proteins were membrane bound 
lipoproteins. Membrane proteins are fulfilling important roles in the regulation of the 
cellular homeostasis and signal transduction. The acylation of membrane proteins is not a 
very common feature and has so far, in eukaryotes, been coupled with their biologically 
activity. Mycoplasmas have an exceedingly small genome, it has been calculated that it 
contains enough genetic material to code for 500-600 proteins. It is hard to believe that 
these highly optimized organisms would have any spare DNA to produce a completly 
irrelevant product that would stiumulate murine B cells to grow. If all proteins in the 
mycoplasma are fulfilling a function, it seems reasonable, in the light of what has been 
mentioned earlier about membrane proteins, that these proteins play a role in the 
regulation of the mycoplasma metabolism or behaviour in the environment. Since the 
mycoplasma live on the eukaryoteic cells or in the close vicinity, it is possible that these 
microorganisms have adapted to eukaryoteic metabolism and can use the products of 
animals and their cells. The nucleotide binding proteins from mammals and E. coli share 
homology at the nucleotide binding sequence, supporting the notion that some principal 
metabolical pathways and their components may still have some common points. 
Consequently, it is temptating to propose that the proteins identified from TUH-13 
recognize a structure(s) on the B cells which is essential for the B cells. Such a putative 
structure may be a part of a common metabolic pathway, thus implying that the 
recognition is specific. A more alternative is that it may be a mere coincidence.

The possibility, that TUH-13 could have integrated a piece of eukaryoteic DNA 
coding for the growth supporting proteins, seems to be unlikely. First, the DNA 
replication machinery is a prokaryoteic one. Secondly, so far there is no known vector 
that could be responsible for such an interchange of genetic material. Contrary to a 
popular belief, mycoplasmas do not live intracellularly in eukaryotes. However, we have
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tested the existence of common genes by southern hybridisation of mouse DNA on 
mycoplasma DNA and negative results at all different degrees of stringency.

A possibility that should not be forgotten is the parallel with known mitogens for B 
cells. These are oftenly composed of repetitive units and are hydrophobic. The 
lipoproteins found can probably form liposomes and could thereby react with structures, 
for which they have low affinity, with increased avividity.

Finally a question that I have received, publicly, at several meetings is: how could I 
be sure of that there is no mycoplasma left in the chloroformrmethanol precipitate and in 
the phenol phase? The answer is: up to our date there is no known cellular membrane that 
withstands exposure to chloroform, methanol and phenol. Furthemore,. it is known that 
mycoplasma dies when exposed for 45 minutes at 56°C; the phenol extraction is done at 
60°C for 2xlh.

13 CONCLUDING REMARKS
This thesis presents the study of B cell growth regulation through the identification 

of the molecular nature of growth inducing agents which have been dealt with, namely, a 
lymphokine, a host-parasite relationship, and complement mediated growth regulation.

It is my opinion that the work which has been presented in this thesis leads to the 
following conclusions:

* that the initial findings, paper I, are due to a real lymphokine and not to a 
mycoplasma contamination.

* based on biochemical and biological data it is possible to say that we have 
identified an new lymphokine, B cell stimulatory factor for LPS-preactivated B cells 
(BSF-LPS), paper II.

* that LPS-preactivated B cells do not respond to any of the tested recombinant 
interleukins and are therefore considered to be a specific test for the new lymphokine 
BSF-LPS, this thesis.

* we have for the first time described a function for the fragment Ba of the 
alternative pathway factor B, thus adding one more interaction to the regulatory function 
of the complement system on the cellular lymphoid system, paper III.

* a host parasite system has been analyzed, paper IV and V, and the molecular 
nature of the this interaction has been elucidated to be dependent on the action of four 
distinct membrane acyl proteins which have been isolated, from a Mycoplasma arginini, 
paper VI.
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