
ual selection nor life-history trade-offs 
should be considered in isolation. For 
male collared flycatchers, the costs of 
caring for larger broods may include re
duced sexual competitiveness for them
selves in future years, and for their sons 
once they reach maturity. This remains to 
be shown directly, but it is to be expected 
from the reduction in the patch size of 
both fathers and sons. Fathers should 
therefore adjust their parental care to 
balance a trade-off between their own 
sexual competitiveness in future years and 
that of their sons. In addition, females 
have been shown to respond to an increase 
in clutch size by a reduction in future 
fecundity 10

. Game-theory models predict 
that each parent should adjust its parental 
care according to care by the other11

, so 
life-history effects on females should have 

BCELLS-

repercussions for males. 
It is intriguing that forehead patch size 

should serve as such a sensitive badge of 
condition in both generations. Because 
this trait is probably not costly in energetic 
terms, reliability of the signal must be 
enforced by social interactions. It would 
be interesting to know whether other 
sexual traits which are more energetically 
expensive, such as singing and courtship 
displays, are as reliable as forehead patch 
size as indicators of condition. The evi
dence from this study is that life-history 
trade-offs may leave animals with little 
room for dishonesty in sexual selection. D 

William J. Sutherland and John D. Reynolds 
are in the School of Biological Sciences, 
University of East Anglia, Norwich NR4 7TJ, 
UK. 

Avoiding autoreactivity 
fan C. M. MacLennan 

GERMINAL centres arise when B cells 
activated by antigen undergo massive 
clonal expansion in the follicles of secon
dary lymphoid organs. The B cells activate 
a site-directed hypermutation mechanism 
which modifies the genes encoding their 
antigen-specific receptors 1

. This somatic 
mutation can markedly increase the affin
ity of the germinal centre (GC) B cells for 
antigen, but it may reduce affinity or alter 
the specificity of the receptor so that it 
becomes autoreactive. Papers by Pulen
dran et al. 2 and Shokat and Goodnow3 

(pages 331 and 334 of this issue) address 
the latter problem. 

A rigorous selection process acts on B 
cells before they can leave germinal cen
tres to become antibody-secreting cells or 
memory B cells: the proliferating GC B 
cells come out of cell cycle and move to a 
part of the germinal centre that contains a 
network of dendritic cells, which take up 
and hold unmodified antigen4

. In this site 
the B cells soon die by apoptosis unless 
they receive ~ositive antigen-specific 
selection signals . From the available evi
dence it seems that selection requires the 
B cells to take up antigen from the follicu
lar dendritic cells, process it and present it 
to local T cells (reviewed in ref. 6). 

The two new papers2
·
3 show that a 

greatly increased proportion of GC B cells 
die by apoptosis upon injection of a large 
amount of soluble protein that is bound by 
their antigen-specific receptors. The in
jected soluble protein would be expected, 
by competitive inhibition, markedly to 
reduce the chance of GC B cells binding to 
the relatively small amount of antigen 
held on follicular dendritic cells. In some 
of the experiments, injected soluble pro
tein bound to the B cells' receptor for 
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antigen but lacked peptides recognized by 
the GC T cells. In this situation the GC B 
cells would be expected to die because 
injected soluble protein would not enable 
these cells to elicit positive selection sig
nals from GC T cells. There seems to be 
another cause of the greatly increased GC 
cell death seen by Pulendran et al. and 
Shokat and Goodnow, for the same phe
nomenon occurred when a large amount 
of soluble antigen, identical to that used to 
induce the GC response, was injected. 
This antigen, of course, would have been 
visible to GC T cells. 

The mechanism responsible for this 
effect remains unresolved, but a number 
of possibilities should be investigated. 
Massive blockade of GC B cells' antigen 
receptors by itself might induce apoptosis; 
such an effect has been reported with cell 
lines from Burkitt lymphoma, a B-cell 
neoplasm of germinal centre origin7

. It is 
also possible that antigen has to be taken 
up from follicular dendritic cells for the 
selection to proceed successfully. Treat
ment of isolated GC B cells with soluble 
antibody against their surface antigen re
ceptors fails to prevent spontaneous apop
tosis, but the antibody bound to erythro
cytes inhibits apoptosis5

. Isolated GC B 
cells are protected from apoptosis when 
they bind to follicular dendritic cells in 
vitro, both binding and protection being 
prevented by antibodies that block adhe
sion proteins carried on these cells8 . Ger
minal centre cells take up, from follicular 
dendritic cells, antigen which they process 
and present to T cells9

. Analysis of their 
ability to do the same with different 
concentrations and forms of soluble anti
gen is called for. 

The induction of apoptosis in GC cells 

NEWS AND VIEWS 

with soluble antigen was still seen in 
transgenic mice whose B cells constitu
tively expressed Bcl-2 (ref. 2), a molecule 
that is absent in normal GC cells and that 
can inhibit apoptosis in certain cells10

• 

This suggests that the effect of soluble 
antigen in vivo may be to induce apoptosis 
rather than prevent selection signals being 
received. On the other hand, T cell
derived signals that prevent apoptosis in 
GC B cells act independently of up
regulation of Bcl-2, although they do 
induce the expression of this molecule11

. 

Susceptibility of Burkitt lymphoma lines 
to induced apoptosis is only inefficiently 
inhibited by transfected bcl-2 unless it is 
markedly overexpressed12

. These findings 
imply that susceptibility of GC B cells 
to enter apoptosis spontaneously is only 
partially explained by lack of Bcl-2 
expression. 

Can any physiological significance be 
attributed to the new finding2

•
3? The 

phenomenon might cause the demise of 
GC B cells that acquire autoreactivity to 
proteins in the extracellular fluids through 
mutation of the genes encoding their 
antigen receptors. Serum immunoglobu
lin and derivatives of the third component 
of complement bind to antigen on follicu
lar dendritic cells. Consequently, a GC B 
cell with acquired affinity for self
immunoglobulin might take up foreign 
antigen complexed with antibody from 
follicular dendritic cells. The B cell could 
then receive selection signals by proces
sing and presenting peptides from the 
foreign antigen to local T cells. 

Patients with rheumatoid arthritis de
velop antibodies that react with their 
own immunoglobulin. These can be high
affinity antibodies encoded by somatically 
mutated genes for the immunoglobulin
variable region 13 . In rheumatoid arthritis 
the mechanism described by Pulendran et 
al. and Shokat and Goodnow seems to 
have failed, but it might protect most of us 
from developing these autoantibodies. D 

Jan C. M. MacLennan is in the Department 
of Immunology, University of Birmingham 
Medical School, Edgbaston, Birmingham 
B15 2TT, UK. 
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