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Signals generated by the B-cell receptor (BCR) are consid-
ered to play a key role in the pathogenesis of several B-
cell malignancies. This especially refers to chronic lym-

phocytic leukemia (CLL), where the malignant B cells fre-
quently express BCRs with nearly-identical “stereotyped”
antigen-recognition units, encoded by a restricted set of
immunoglobulin heavy-chain variable (IGHV) region gene
combinations.1-3 This feature, along with the shared reactivity
toward common antigenic determinants,4-8 strongly suggests
that the initial expansions of the malignant clones are antigen-
driven. In addition, freshly isolated CLL cells frequently
express high levels of BCR-target genes9 and display increased
basal activity of signaling molecules along the BCR pathway,10

suggesting that they continue to be stimulated by antigen even
after the initial transforming event. Continued antigen stimu-
lation is believed to promote the growth and survival of the
leukemic cells, and this possibility is further supported by
recent clinical trials demonstrating remarkable activity of
drugs that inhibit BCR signaling in patients with CLL.11,12

In this issue of Haematologica, Bergh et al. investigated the
consequences of cognate antigen binding to CLL cells that
express BCRs belonging to the so-called "stereotyped subset
1".13 This large stereotyped subset is characterized by the
expression of IGHV-unmutated BCRs encoded by the
IGHV1-5-7/IGKV1-39 combination.1 In a previous study by
the same group, subset #1 CLL BCRs were shown to bind to
oxidized phospholipids found on low-density lipoproteins
(LDL), apoptotic blebs and certain microbes.4 The specificity
of these interactions was further confirmed in the current
study by competition ELISA assays, showing binding of CLL
subset #1 antibodies to oxidized but not to native LDL. In
another set of experiments performed with primary subset
#1 CLL cells and biotin-labeled oxidized LDL (oxLDL), anti-
gen binding was shown to induce BCR clustering and subse-
quent internalization. Surprisingly, analysis of downstream
signaling events, such as intracellular Ca2+ flux and ERK phos-
phorylation, failed to detect any response upon ligation of
the BCR with cognate antigen. Responsiveness to BCR liga-
tion was recovered is some cases after 48 h in culture, but
this change was primarily observed in cells stimulated with
anti-IgM and was less frequently seen in cells stimulated
with cognate antigen.

The unexpected finding that BCR ligation with cognate
antigen does not generate an activatory signal in this stereo-
typed CLL subset raises several interesting questions. The
first question is why are these BCRs positively selected dur-
ing leukemia development. One possible explanation could
be that they are selected because of functions that are not nec-
essarily related to BCR signaling. It is well known that signals
generated by the BCR are necessary but not sufficient for cel-
lular activation and that co-stimulatory signals, such as those
provided by T-helper cells (via CD40L engagement of CD40
on the B cells) or Toll-like receptor 9 (TLR9), are also required.
T-helper cells and TLR9 can productively acquire their ligands
only after they have been internalized and delivered to the

endosomes, which is a process that requires BCR-mediated
endocytosis. Thus, the primary role of the stereotyped subset
#1 CLL BCRs could be to capture, internalize and deliver such
ligands. Importantly, oxidized phospholipids and the TLR9
ligand CpG-DNA co-localize in apoptotic blebs, suggesting
that stereotyped subset #1 CLL cells could acquire prolifera-
tive signals by binding to such complexes. This possibility is
further supported by experiments performed in the study of
Bergh et al., showing that CLL subset #1 cells efficiently inter-
nalize oxLDL and proliferate following TLR9 stimulation.
Internalized oxLDL could also provide peptides for T-cell acti-
vation, as has previously been reported for T cells isolated
from human atherosclerotic plaques.14 Moreover, recent stud-
ies have shown that CLL cells can efficiently activate autolo-
gous T cells in an antigen-specific manner, and such activated
T cells can drive leukemic cell proliferation both in vitro and in
a murine xenograft model in vivo.15,16 

The second question that arises from this study is: what is
the reason for the silenced BCR signaling response in CLL
cells from subset #1? One possibility is that this unrespon-
siveness results from chronic repetitive engagement of subset
#1 BCRs by oxLDL molecules present in the patients’ sera.
Chronic BCR occupancy by autoantigen in the absence of co-
stimulatory signals induces anergy, which is a state of cellular
lethargy characterized by attenuated BCR signaling responses
and elevated basal activity of certain downstream signaling
molecules. The experiments performed by Bergh et al. show
that CLL cells from subset #1 display many features of anergic
cells, including elevated basal phospho-ERK levels and inabil-
ity to proliferate, secrete IgM and induce CD86 expression
upon antigen binding. Thus, subset #1 CLL cells isolated from
the peripheral blood may have been rendered anergic because
of chronic occupancy of their BCRs with circulating oxLDL
molecules. It is worth noting, however, that anergy is a
reversible state, so these cells could still be capable of mount-
ing a proliferative response in the tissues, where they would
encounter the same antigen in a different form (i.e. presented
by antigen-presenting cells) and associated with the necessary
co-stimulatory ligands.17 In addition, considering the frequent
polyreactivity of CLL BCRs, including subset #1 BCRs, it is
possible that the antigens encountered in the tissues will be
different from those predominantly encountered in the circu-
lation. 

An alternative, not mutually exclusive possibility, is that this
state of hypo-/non-responsiveness is induced by the recently
discovered cell-autonomous BCR-BCR interaction, which is
caused by the apparently unique capacity of CLL CDR3
regions to bind to internal immunoglobulin epitopes.18 These
BCR-BCR interactions have been shown to generate a persist-
ent low-intensity signal that is manifested by increased intra-
cellular Ca2+ levels18 and which appears to lead to increased
apoptosis resistance of the leukemic cells.19 However, these
cell-autonomous BCR-BCR interactions would also be expect-
ed to compete with the BCR/external-antigen interactions, thus
reducing the number of BCRs available for acute antigen



engagement below the threshold required for cellular acti-
vation. This possibility may also explain why the BCR sig-
naling response to oxLDL did not recover in 3 of the 5 sub-
set #1 CLL cases after prolonged in vitro culture.

Finally, the most important question from a clinical per-
spective is whether cases with a silenced BCR response to
cognate antigen would be expected to respond to treat-
ment with BCR pathway inhibitors. As mentioned earlier,
the lack of a signaling response of circulating CLL cells
does not necessarily preclude that such an event could
occur in the tissues, where the malignant cells could regain
responsiveness and be driven to proliferate by immune
complexes containing the antigen and co-stimulatory lig-
ands. In addition, BCR pathway inhibitors could also func-
tion by targeting the cell-autonomous BCR signal, which
appears to be a common feature of CLL cells and a thera-
peutic target in itself, as evidenced by the increased apop-
tosis of CLL cells treated in vitro with kinase inhibitors or
siRNA molecules that target BCR pathway compo-
nents.10,20 Thus, until proven otherwise, BCR pathway
inhibitors should be considered a rational therapeutic
option also in this large and typically aggressive CLL sub-
set characterized by a silenced BCR response to cognate
autoantigen.

Dimitar G. Efremov is Head of the Molecular Hematology Unit
of the International Center for Genetic Engineering and
Biotechnology in Rome, Italy. His primary research interests are B-
cell malignancies, in particular chronic lymphocytic leukemia, and
the development of novel targeted therapies. Stefania Gobessi is
Research Scientist in the Molecular Hematology Unit of the
International Centre for Genetic Engineering and Biotechnology in
Rome, Italy. Her main areas of interests are B-cell receptor signal-
ing and animal models of chronic lymphocytic leukemia.

Acknowledgments: the authors would like to thank the
Associazione Italiana per la Ricerca sul Cancro (grant n. AIRC
IG_12939) for its support.

Financial and other disclosures provided by the author using the
ICMJE (www.icmje.org) Uniform Format for Disclosure of
Competing Interests are available with the full text of this paper
at www.haematologica.org.

References

1. Messmer BT, Albesiano E, Efremov DG, Ghiotto F, Allen SL, Kolitz J,
et al. Multiple distinct sets of stereotyped antigen receptors indicate
a role for antigen in promoting chronic lymphocytic leukemia. J Exp
Med. 2004;200(4):519-25.

2. Tobin G, Thunberg U, Karlsson K, Murray F, Laurell A, Willander K,
et al. Subsets with restricted immunoglobulin gene rearrangement
features indicate a role for antigen selection in the development of
chronic lymphocytic leukemia. Blood. 2004;104(9):2879-85.

3. Agathangelidis A, Darzentas N, Hadzidimitriou A, Brochet X,

Murray F, Yan XJ, et al. Stereotyped B-cell receptors in one-third of
chronic lymphocytic leukemia: a molecular classification with impli-
cations for targeted therapies. Blood. 2012;119(19):4467-75. 

4. Lanemo Myhrinder A, Hellqvist E, Sidorova E, Söderberg A,
Baxendale H, Dahle C, et al. A new perspective: molecular motifs on
oxidized LDL, apoptotic cells, and bacteria are targets for chronic
lymphocytic leukemia antibodies. Blood. 2008;111(7):3838-48.   

5. Chu CC, Catera R, Hatzi K, Yan XJ, Zhang L, Wang XB, et al.
Chronic lymphocytic leukemia antibodies with a common stereo-
typic rearrangement recognize non-muscle myosin heavy chain IIA.
Blood. 2008;112(13):5122-9.  

6. Binder M, Léchenne B, Ummanni R, Scharf C, Balabanov S, Trusch
M, et al. Stereotypical chronic lymphocytic leukemia B-cell receptors
recognize survival promoting antigens on stromal cells. PLoS One.
2010;5(12):e15992. 

7. Kostareli E, Gounari M, Janus A, Murray F, Brochet X, Giudicelli V, et
al. Antigen receptor stereotypy across B-cell lymphoproliferations:
the case of IGHV4-59/IGKV3-20 receptors with rheumatoid factor
activity. Leukemia. 2012;26(5):1127-31.

8. Hoogeboom R, van Kessel KP, Hochstenbach F, Wormhoudt TA,
Reinten RJ, Wagner K, et al. A mutated B cell chronic lymphocytic
leukemia subset that recognizes and responds to fungi. J Exp Med.
2013;210(1):59-70.

9. Herishanu Y, Pérez-Galán P, Liu D, Biancotto A, Pittaluga S, Vire B, et
al. The lymph node microenvironment promotes B-cell receptor sig-
naling, NF-kappaB activation, and tumor proliferation in chronic
lymphocytic leukemia. Blood. 2011;117(2):563-74. 

10. Gobessi S, Laurenti L, Longo PG, Carsetti L, Berno V, Sica S, et al.
Inhibition of constitutive and BCR-induced Syk activation downreg-
ulates Mcl-1 and induces apoptosis in chronic lymphocytic leukemia
B cells. Leukemia. 2009;23(4):686-97. 

11. Byrd JC, Furman RR, Coutre SE, Flinn IW, Burger JA, Blum KA, et al.
Targeting BTK with ibrutinib in relapsed chronic lymphocytic
leukemia. N Engl J Med. 2013;369(1):32-42.

12. Brown JR, Byrd JC, Coutre SE, Benson DM, Flinn IW, Wagner-
Johnston ND, et al. Idelalisib, an inhibitor of phosphatidylinositol 3-
kinase p110δ, for relapsed/refractory chronic lymphocytic leukemia.
Blood. 2014;123(22):3390-7.

13. Bergh AC, Evaldsson C, Bredo Pedersen L, Geisler C, Stamatopoulos
K, Rosenquist R, Rosén A. Silenced B-cell receptor response to
autoantigen in a poor-prognostic subset of chronic lymphocytic
leukemia. Haematologica. 2014;99(11):1722-30. 

14. Stemme S, Faber B, Holm J, Wiklund O, Witztum JL, Hansson GK. T
lymphocytes from human atherosclerotic plaques recognize oxi-
dized low density lipoprotein. Proc Natl Acad Sci USA. 1995;
92(9):3893-7.

15. Os A, Bürgler S, Ribes AP, Funderud A, Wang D, Thompson KM, et
al. Chronic lymphocytic leukemia cells are activated and proliferate
in response to specific T helper cells. Cell Rep. 2013;4(3):566-77.

16. Bagnara D, Kaufman MS, Calissano C, Marsilio S, Patten PE, Simone
R, et al. A novel adoptive transfer model of chronic lymphocytic
leukemia suggests a key role for T lymphocytes in the disease. Blood.
2011;117(20):5463-72.

17. Packham G, Krysov S, Allen A, Savelyeva N, Steele AJ, Forconi F,
Stevenson FK. The outcome of B-cell receptor signaling in chronic
lymphocytic leukemia: proliferation or anergy. Haematologica.
2014;99(7):1138-48.

18. Dühren-von Minden M, Übelhart R, Schneider D, Wossning T, Bach
MP, Buchner M, et al. Chronic lymphocytic leukaemia is driven by
antigen-independent cell-autonomous signalling. Nature. 2012;489
(7415):309-12.

19. Chiorazzi N, Efremov DG. Chronic lymphocytic leukemia: a tale of
one or two signals? Cell Res. 2013;23(2):182-5.

20. Woyach JA, Bojnik E, Ruppert AS, Stefanovski MR, Goettl VM,
Smucker KA, et al. Bruton's tyrosine kinase (BTK) function is impor-
tant to the development and expansion of chronic lymphocytic
leukemia (CLL). Blood. 2014;123(8):1207-13. 

Editorials

1646 haematologica | 2014; 99(11)


