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Cancers of the B cell lineage, myeloma, 
lymphomas, and CLL, are unusual in that 
they originate from mature, differenti-
ated cells. Very few other lineages of 
the body are at risk in this respect. Most 
malignant tumors are thought to derive 
from transformation of stem or pro-
genitor cells (Visvader, 2011), although 
this view has recently been challenged 
(Friedmann-Morvinski et al., 2012). 
One plausible explanation for inherent 
risk or propensity to transformation in 
mature B cells is that they retain exten-
sive proliferative capacity and clonal 
longevity, or stem cell–like function. 
The rationale for this is clear from the 
perspective of adaptive immune re-
sponses, but clonal escape for malig-
nancy may be a trade-off. This intrinsic 
risk is heightened by the off-target  
deployment of the mutagenic lym-
phoid enzymes RAG1/2 and AID 
(Unniraman and Schatz, 2006; Pasqualucci  
et al., 2008).

All clones of mature B cells will 
have distinctive or clonotypic/idiotypic 
Ig-BCRs with preferential affinities 
for foreign infectious antigenic epitopes or, 
at lower affinity, cross-reactive self-anti-
gens. The BCR provides critical signals 
for normal B cells (proliferation and sur-
vival) and is retained along with its inher-
ent recognition/signaling capacity after 

malignant transformation (Stevenson  
et al., 2011). In this context, it has long 
been suspected that early transforma-
tion events might involve stimulation 
and clonal expansion by cognate anti-
gens (Küppers, 2005). Persistent, ligand-
driven clonal expansion might be 
expected to increase the probability 
of transformation via acquired muta-
tions. The increased risk of lymphoma 
in patients with chronic autoimmune 
diseases (Ehrenfeld et al., 2001) is com-
patible with this notion. The more inter-
esting question is whether, after initial 
transformation, the malignant or pre-
malignant clone retains a selective ad-
vantage or proliferative response in the 
presence of some persistent or inter-
mittent antigenic exposure. The best 
evidence for this to date comes from 
the extra nodal or mucosa-associated 
lymphoid tissue (MALT) lymphomas 
in which different bacterial species in 
different tissue sites are drivers of clonal 
expansion, although indirectly via T cells 
(Isaacson and Du, 2004). Strikingly, 
early-stage tumors regress with antibi-
otic therapy, whereas later-stage cancers 
with additional genetic abnormalities 
no longer appear to require bacterial 
stimulation (Wotherspoon et al., 1993; 
Ferreri et al., 2005; Kuo et al., 2012). 
Additional evidence comes from the 
observation that some hepatitis C virus 
(HCV)–associated B lymphomas bind 
HCV envelope proteins (Quinn et al., 
2001) and that regression of lymphoma 
can be achieved with antiviral therapy 
(Hermine et al., 2002).

CLL is the most prevalent B cell 
malignancy, and here too, antigenic 
drive has been suspected (Packham 
and Stevenson, 2010; Chiorazzi and 
Ferrarini, 2011). This seems plausible 
with the pregerminal center unmutated 
(BCR) subtype of CLL, which retains 
low affinity for self-antigens (Hervé et al., 
2005), but even more so for those 
germinal center IgH mutated (m) CLL 
that express a highly biased or stereo-
typic BCR repertoire, indicative of some 
prior and consistent or shared antigenic 
drive (Messmer et al., 2004; Murray  
et al., 2008). Two recent papers shed 
considerable light on this possibility.

In this issue, Hoogeboom et al. (2013) 
report that a small fraction (4/82) of 
mCLL selected with IGHV3-7–encoded 
BCRs had unusually short CDR3 se-
quences (designated V3-7Sh). Addition-
ally, these four cases had the same spe-
cific replacement mutations (Y37H and 
S4OH) and near identical IGKV2-24– 
encoded light chains. The possibility 
that all four cases were antigen selected 
was strongly suggested by two further 
observations. First, recombinant soluble 
IgM from these cells bound to 4 com-
mensal yeast species (out of a total of 33 
microbial species screened) and showed 
high-affinity binding to -(1,6)-glucan. 
Site-directed mutation experiments de-
monstrated that reactivity was depen-
dent on a glutamic acid at position 106 
in the CDR3 region and on additional 
somatic mutations in IGHV3-7. Second, 
CLL cells from three patients prolifer-
ated in response to the -(1,6)-glucan 
pustulan. Other mB-CLL cells and 
other recombinant BCRs did not show 
this specificity.

The authors conclude that -(1,6)-
glucan is the sole (or primary) cognate 
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antigen for the CLL clones in these  
four patients and that the reactivity of 
CLL cells is compatible with the notion 
that common fungal pathogens might 
drive clonal expansion as a critical com-
ponent of the step-wise transforma-
tion process. This is perhaps the best 
evidence to date for microbial drive 
in CLL.

These data, as with MALT lympho-
mas and bacterial infection, raise the pros-
pect of treatment with antimicrobials. The 
difficulty here lies in the prospect that 
there could be multiple different fungal, 
bacteria, or viral species involved in driv-
ing CLL in different patients and, as in 
MALT lymphomas, that later mutations 
could obviate the need for cognate ligand 
drive. Nevertheless, this important lead 
could encourage the search for recogni-
tion of other microbial ligands in CLL.

Coincidentally, Dühren-von Minden 
et al. (2012) report a rather different 
story: namely that recombinant BCRs 
from CLL (17/17 cases tested) are capa-
ble of ligand (or antigen)-independent 
signaling (Ca2+ flux in a cell reporter  
assay using cells from mice lacking endog-
enous BCRs and pre-BCRs). In con-
trast, BCRs from myeloma, mantle cell 
lymphoma, follicular lymphoma, and 
marginal cell lymphomas (15 cases in 
total) required cross-linking for signal-
ing. The observation was replicated in 
TCL1 transgenic mice, a murine model 
for CLL. The authors generated mutants 
to demonstrate that particular amino 
acids within the framework region 2 
(FR2) VH domains are required for  
autonomous signaling (in concert with 
HCDR3), perhaps via some inter-
BCR aggregation or binding. The BCR 
is, in effect, functioning as an onco-
genic driver.

These findings are reminiscent of 
data from other types of cancer in which 
ligand-dependent signaling of prolifera-
tion is subverted by the acquisition, via 
mutation, of ligand-independent self-
aggregation or dimerization and down-
stream intracellular signaling, mimicking 
physiological stimulation of receptors, e.g., 
EGFR/ErbB in breast cancer and glio-
blastoma (Weinberg, 2007) and androgen 
receptors in prostate cancer (Trapman and 
Cleutjens, 1997). As cancer clones expand 

and compete, “natural” ligand availability 
may be limited, and there may be selec-
tive pressure favoring mutants that can 
co-opt autonomous signaling either 
from receptor molecules (BCRs) them-
selves or their downstream effectors.

These two contrasting observations 
of CLL may not be mutually contradic-
tory. First, some degree of autonomous 
signaling could be augmented by ligand 
(antigen)-driven response. B-CLL clones 
could originate as antigen dependent but 
evolve to become more autonomous if 
the critical BCR regions are mutated 
(Fig. 1). Alternatively, autonomous versus 
ligand-dependent BCR signaling could 
reflect different routes for clonal expan-
sion after initial transformation. As in 
MALT lymphomas, these new data sug-
gest that any therapeutic intervention in 
CLL aimed at microbial ligands might 
need to be instigated early. Alternatively, 
and perhaps more practically, signals 
downstream of the BCR, including SYK, 
BTK, and PI3K, provide viable thera-
peutic targets, irrespective of how the 
BCR is activated, and are currently the 
focus of clinical trials (Friedberg et al., 
2010; Burger, 2012).

Intriguingly, the recently described 
recurrent mutations in CLL (Puente  
et al., 2011; Wang et al., 2011) include 
MYD88, a gene which encodes a down-
stream component of Toll-like receptor 
(TCR) signaling. These receptors are 
expressed and biologically active in CLL 
cells (Muzio et al., 2009), suggesting an 
additional route of microbial stimula-
tion or co-stimulation and its subver-
sion by acquired mutations. Finally, in 
the context of the etiology and patho-
genesis of CLL, this particular blood cell 
cancer occurs in familial pedigrees and 
has a long suspected component of in-
herited susceptibility (Gunz et al., 1975). 
Recent genome-wide association stud-
ies (GWAS) have identified many of the 
gene variants involved, some of which 
encode proteins likely to regulate B cell 
function (Crowther-Swanepoel et al., 
2010; Slager et al., 2012). The challenge 
over the next period will be to build up 
a composite picture of clonal evolution 
in CLL in which constitutive and ac-
quired gene variants modulate the way 
mature B cells respond to microenviro-
nmental signals, including those from 
microbial ligands for the BCR.

Figure �. Putative pattern of clonal evolution and antigen dependence in CLL. Three poten-
tial mechanisms may underlie microbial drive in the transformation of B cells in CLL. Germinal center 
B cells with high-affinity BCRs (blue) may be chronically stimulated by microbial antigens, increasing 
the probability that the cell acquires transforming mutations. After transformation, subclones of 
antigen-specific B cells may acquire mutations that confer a selective proliferative advantage in the 
presence of antigen (orange). Finally, antigen-specific B cells may acquire mutations that render BCR 
signaling completely independent of antigenic ligation (green). The “Y”-shaped symbols indicate 
BCRs, and “A” indicates nominal antigens derived from microbial infection.
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