
©
20

05
 N

at
u

re
 P

u
b

lis
h

in
g

 G
ro

u
p

  
h

tt
p

:/
/w

w
w

.n
at

u
re

.c
o

m
/n

at
u

re
m

ed
ic

in
e

22 VOLUME 11 | NUMBER 1 | JANUARY 2005  NATURE MEDICINE

N E W S  A N D  V I E W S

Diffuse large B-cell lymphoma (DLBCL) is an 
aggressive cancer that accounts for about 40% 
of non-Hodgkin lymphomas. Almost half of 
DLBCL cases express high constitutive levels 
of a transcriptional regulator, BCL-6, which 
controls B-cell maturation.

In the 2 December issue of Nature, Phan 
and Dalla-Favera provide unexpected insight 
into how BCL-6 operates, showing that BCL-6 
can directly repress the transcription of the 
p53 tumor suppressor gene1. The downregu-
lation of p53 expression by BCL-6 allows 
DLBCL B cells to escape apoptosis in response 
to DNA damage and allows continued tumor-
cell growth (Fig. 1). These findings also have 
implications for normal B-cell differentiation, 
suggesting that BCL-6 expression gives B cells 
an opportunity to diversify their antibody 
genes without hindrance from p53.

Phan and Dalla-Favera showed that p53 is 
mutated at a high frequency in DLBCLs that do 
not express BCL-6, but that there is an extremely 
low rate of inactivating p53 mutations in DLBCL 
cases with constitutive BCL-6 expression. This 
finding suggests that BCL-6 essentially inacti-
vates p53 during the development of DLBCL, 
bypassing the need for p53 mutations that pro-
mote lymphoma formation.

Paradoxically, although BCL-6-positive 
DLBCL have low levels of p53, these lymphoma 
cases are sensitive to chemotherapy treat-
ment2,3. The authors addressed this apparent 
contradiction by showing that very high levels 
of DNA damage can lead to downregulation 
of BCL-6 and subsequent upregulation of p53 
(ref. 1). BCL-6 may only protect cells within a 
very narrow window of DNA damage. BCL-6 
may therefore provide enough protection from 
apoptosis to promote lymphoma formation, 
but cannot protect against severe genotoxic 
insults such as chemotherapy.

The DLBCL cases that express high levels 
of BCL-6 also typically resemble B cells in the 
germinal center, a specialized cellular structure 

that controls the clonal expansion of B cells4,5. 
Germinal center B cells proliferate at an extremely 
rapid rate and at the same time their immuno-
globulin genes undergo somatic hypermuta-
tion (SHM) and isotype class switching (ICS)5. 
As a result of these processes, germinal center 
B cells are under severe genomic stress, and 
experience a high frequency of DNA double-
strand breaks6. Normally, DNA breaks activate 
p53, and this often leads to cellular apoptosis7. 
BCL-6 may repress this process in germinal-center 
B cells. Consistent with this idea, BCL-6-deficient 
mice do not form germinal centers8. Examining 
p53 levels and DNA damage in activated B cells 
from normal and BCL-6-deficient mice will be 
an important test for this hypothesis.

Intriguingly, BCL-6 is not expressed at 
high levels in developing lymphocytes, cells 
that also have a high rate of DNA double-
strand breakage because of the process of 
VDJ recombination of antigen receptor 
genes. One possibility is that VDJ recombina-
tion does not induce the same type of DNA 
damage as SHM and ICS do, thus obviating 
the need for BCL-6 activity. In particular, 
the activation-induced cytidine deaminase 
enzyme, which specifically controls SHM and 
ICS9, may create DNA lesions that efficiently 
activate p53. Alternatively, the specific need 
for BCL-6 in the germinal center may relate 
to the fact that germinal-center B cells are 

Figure 1  BCL-6 represses 
the transcription of 
p53 in normal germinal 
center B cells and 
in B cell lymphoma, 
permitting continued 
growth in the face of 
genomic stress. In 
germinal center B cells, 
DNA undergoes extensive 
strand breakage due 
to the processes of 
somatic hypermutation 
(SHM) and isotype class 
switching (ICS). In the 
case of B-cell lymphoma, 
DNA damage may arise 
from low-level SHM or 
may be induced by DNA-
damaging agents.
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The BCL-6 oncogene can downregulate expression of the p53 tumor suppressor gene in B cell lymphoma. This pathway probably 
exists to protect normal germinal-center B cells from apoptosis induced by DNA mutations.
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rapidly dividing and are especially suscep-
tible to the effects of p53 activation.

Although the repression of p53 by BCL-6 
is a vital aspect of BCL-6 function, it is only one 
part of the complex regulatory network con-
trolled by BCL-6. Repression of the cell cycle 
inhibitor p27kip1 and the plasma cell differen-
tiation-promoting factor Blimp-1 are also critical 
for the function of BCL-6. Additionally, BCL-6 
has extremely potent effects on B-cell growth 
and survival, even in the absence of functional 
p53 (ref. 10). Nonetheless, the finding that p53 
expression is regulated by BCL-6 is clearly a 
major step toward understanding how BCL-6 
can promote the development of malignant 
B cells. Proving that this pathway is crucial for 
the development of BCL-6-associated B-cell 
 lymphoma will be the next important step.
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