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Suppressing unwanted humoral immune responses without compromis-
ing the host’s ability to respond to foreign pathogens is a primary goal for 
therapies aimed at ameliorating harmful autoantibody production. Global 
suppression of the immune system via lymphocyte depletion and/or immu-
nosuppressive drugs can have off-target effects, a limitation to conventional 
therapies. In this issue of the JCI, Macauley and colleagues utilize a novel 
platform to inhibit antigen-specific antibody production that preserves the 
immune system’s ability to respond to unrelated antigens.

B cells are critical for providing protection 
from disease because the Abs they produce 
offer an important first line of defense 
from invading pathogens. However, B cells 
can also contribute to harmful immune 
responses especially when their Ab pro-
duction is directed toward self antigens 
(Ags), as is the case in many autoimmune 
diseases. Finding ways to manipulate B 
cell responses — either enhancing them for 
vaccine development or inhibiting them 
in patients with autoimmune and allergic 
diseases — has been a long-standing goal 
for vaccinologists and clinicians alike. One 
promising strategy that has emerged for 
immune modulation is the targeted deliv-
ery of Ag to specific immune cell subsets 
(1). This approach uses mAbs or ligands 
specific for cell surface receptors to deliver 
linked Ags directly to immune cells upon 
injection in vivo. In this issue of the JCI, 
Macauley and colleagues introduce a novel 
Ag-targeting approach to inhibit B cell 
responses that combines both Ag specific-
ity and negative regulation of B cell recep-
tor (BCR) signaling (2).

Activation versus inhibition: STALing 
B cells
Upon binding Ags via their BCRs, B cells 
become activated and differentiate into 
plasma cells that produce Ab. Direct inhi-
bition of Ag-specific B cells is a difficult 
task to achieve because any Ag-specific 
therapy directed at B cells must, by its very 
nature, incorporate Ag binding to the BCR 
and hence risk inducing activation versus 
inhibition. To circumvent this obstacle, 
Macauley and colleagues took advantage of 

CD22, a sialic acid-binding BCR coreceptor 
highly expressed on the B cell surface (2). 
They chose CD22 because its cytoplasmic 
tail contains 2 immunotyrosine-inhibitory 
motifs that are phosphorylated upon BCR 
ligation and recruit the SH2 domain–
containing protein tyrosine phosphatase 
SHP-1 (3, 4). SHP-1 dephosphorylates 
multiple components of the BCR sig-
naling cascade, resulting in suppression 
of BCR-mediated signaling. Pursuing 
the hypothesis that excessive crosslink-
ing of CD22 would prohibit BCR signal 
transduction and therefore Ag-specific Ab 
responses, Macauley et al. generated lipo-
somal nanoparticles containing optimized 
ratios of Ag and the high-affinity ligand 
for CD22, BPANeuGcα2-6Galβ1-4GlcNAc 
(referred to hereafter as CD22 ligand, or 
CD22L). Administration of these SIGLEC-
engaging tolerance-inducing antigenic lipo-
somes (STALs, where SIGLEC is defined as 
sialic acid–binding Ig-like lectin) to mice 
significantly decreased IgM and IgG Ab 
responses upon subsequent challenge with 
the same particles that lack CD22L (immu-
nogenic liposomes). The induction of B 
cell tolerance by STALs was demonstrated 
for several different Ags including both T 
cell–independent and T cell–dependent 
Ags. Both CD22 and BCR engagement were 
required on the same cell to induce toler-
ance: liposomes containing only CD22L did 
not globally suppress B cell responses, and 
STALs did not suppress Ab responses to 
unrelated Ags. Thus, the tolerance induced 
by STALs was Ag-specific (2).

Macauley et al. demonstrated that toler-
ance induction by STALs required the pres-
ence of CD22, as no tolerance was induced 
in Cd22-deficient mice, and administration 
of immunogenic liposomes enhanced Ag-
specific Ab responses instead of inhibiting 
them. STAL-induced B cell tolerance was 

also associated with strong inhibition of 
BCR signaling components, consistent with 
CD22 recruitment of SHP-1. Somewhat 
unexpectedly, STAL treatment led to apop-
tosis of B cells in vitro and depletion of Ag-
specific (but not polyclonal) B cells in vivo. 
Although the precise mechanism of cell 
death was not determined, STAL treatment 
led to accumulation of FoxO transcription 
factors in the nucleus (2), which are known 
to regulate expression of genes that influ-
ence cell-cycle status and apoptosis (5).

The strong inhibition of B cell responses by 
STALs demonstrates the power that costim-
ulatory/secondary signals have in determin-
ing how B cells respond when they recognize 
Ag via the BCR. Consistent with this notion, 
B cells can also serve as efficient targets for 
enhancement of Ab responses if given the 
proper signals. Early efforts to enhance 
Ag-specific B cell responses focused on tar-
geting the BCR for Ag delivery using anti-
immunoglobulin Abs (6, 7). These attempts 
demonstrated that targeting reduces the 
quantity of Ags required for activated help-
er T cells, yet they generally failed to show 
robust enhancement of Ab responses, prob-
ably because additional signals beyond BCR 
ligation itself were not provided. Ig levels are 
elevated when mice are injected with an Ab 
to CD180, a TLR orphan receptor highly 
expressed on B cells with homology to TLR4 
(8), and Ag coupled to anti-CD180 induces 
rapid Ag-specific Ab production in vivo (our 
unpublished results). Thus, depending on 
which receptor is targeted in vivo along with 
the BCR on a B cell, either Ag-specific B cell 
inhibition (CD22) or activation (CD180) is 
induced (Figure 1).

Antigen targeting: DC or B cell?
Ag targeting is an attractive approach for 
manipulating Ag-specific immune respons-
es because it offers a number of advan-
tages that conventional therapies do not. 
Because Ag is delivered directly to specific 
and often rare cell populations, it reduces 
the quantity of Ag required to initiate 
immune responses. Most importantly, it 
allows control over which cell types receive 
and present Ag to the immune system. This 
is a critical aspect for any Ag-specific ther-
apy because APCs directly influence the 
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type of immune response that is induced, 
e.g. CD4+, CD8+, or B cell responses (9, 10).  
Due to their central role in initiating 
immunity or tolerance, most Ag-targeting 
studies have focused on DCs. DCs are a 
heterogeneous population of APCs and 
thus offer multiple choices as targets that 
can be used to modulate immune respons-
es. For instance, Ag delivery to one of sev-
eral surface receptors found on CD8α– DCs 
in mice including DC inhibitory receptor 2  
(DCIR2), F4/80-like immune receptor 
(FIRE), or C-type lectin immune receptor 
(CIRE) lead to induction of robust Ag-spe-
cific Ab responses (11, 12). In the case of Ag 
targeting to DCIR2, CD8α– DCs directly 
induced B cells to differentiate into Ab-
producing plasma cells.

On the other hand, inhibition of Ag-spe-
cific Ab responses by DCs can be achieved 
through Ag delivery to SIGLEC-H (13) 
or blood-derived cell antigen 2 (BDCA2) 
found on plasmacytoid DCs (pDCs) 
(our unpublished results). As opposed 

to STALs, which directly suppress BCR 
signal transduction, the inhibition of Ab 
responses by pDCs operates via inhibition 
of CD4+ T cells, thus denying B cells the 
CD4+ T cell help critical for T cell–depen-
dent Ab responses. A final advantage of 
Ag-targeting strategies is the ability to 
include immune-modulating compounds 
or agonists that can be chosen based on 
the expression of inhibitory or activating 
receptors expressed by the targeted cell 
type. DC-induced Ab responses can be 
enhanced by administering costimulatory 
signals, such as TLR7 or TLR9 agonists, 
together with the targeted Ag (11, 14). 
Likewise, crosslinking BDCA2 on pDCs 
has been shown to negatively regulate 
interferon production, indicating it may 
have a role in promoting immune tolerance 
(15, 16). Thus, Ag delivery to DCs has the 
capacity to regulate B cell responses either 
directly or indirectly, depending on both 
the receptor that is targeted and the type 
of costimulation (activating or inhibitory) 

that is delivered along with the Ag. Figure 1  
summarizes the cellular and molecular 
targets that have been successfully used to 
modulate Ag-specific B cell responses.

STALing hemophilia
Inhibiting harmful Ab production by B 
cells is not only desired in autoimmune 
settings, but has tremendous potential in 
cases in which anti-drug Abs are prohibi-
tive, particularly for biologic-based thera-
peutics. To demonstrate the potential 
applicability of STALs in a clinical setting, 
Macauley et al. chose a mouse model of 
hemophilia A in which factor VIII (FVIII) 
deficiency leads to an inability to prevent 
bleeding (2). Hemophilia A affects approx-
imately 1 in 10,000 males, who must be 
continuously treated with recombinant 
human FVIII (rhFVIII) (termed replace-
ment therapy) to prevent uncontrolled 
bleeding (17). Approximately 20%–30% 
of patients receiving replacement therapy 
develop anti-FVIII antibodies that pre-
clude further treatment with rhFVIII (18). 
Immune tolerance induction (ITI), which 
requires repeated administration of high-
dose FVIII over a period of months to 
years, is the current treatment for devel-
opment of anti-FVIII Abs (19). Although 
ITI is often successful, it is extremely 
costly, requires frequent injections that 
make venous access difficult, increases 
risk of infection, and is less likely to work 
in patients with high titers of anti-FVIII 
Abs. Treatment of FVIII-deficient mice 
with FVIII-containing STALs significant-
ly reduced the development of anti-FVIII 
Abs upon challenge with immunogenic 
liposomes. Strikingly, when these mice 
were administered rhFVIII replacement 
therapy, they were able to prevent signifi-
cant blood loss in a tail-cut assay and were 
indistinguishable from untreated mice 
given one round of rhFVIII just prior to 
tail cutting. In contrast, mice that did not 
receive rhFVIII, or mice pretreated with 
immunogenic liposomes prior to replace-
ment therapy, were unable to prevent sig-
nificant blood loss (2).

Moving forward
The ability to inhibit anti-FVIII Abs clearly 
demonstrates the value STALs may provide 
in these settings. However, it is less clear how 
STAL treatment would affect ongoing B cell 
responses, especially in the context of auto-
immune diseases where additional inflam-
matory “second signals” may be present 
that could break tolerance (Figure 1). This is 

Figure 1
Multiple cellular and molecular targets for modulating Ag-specific B cell responses. Schematic of 
methods to achieve Ag-specific vs. nonspecific B cell activation or inhibition. STALs directly induce 
Ag-specific B cell tolerance by simultaneously targeting Ag to the BCR together with inhibitory 
signals delivered by CD22 ligands. Alternatively, delivery of Ag to the BCR together with CD180 
crosslinking results in Ag-specific B cell activation and Ab production. B cell responses may 
also be modulated by Ag delivery to receptors found on DC subsets. Ag targeted to SIGLEC-H  
or BDCA2 found on pDCs indirectly inhibits B cell responses via inhibition of effector CD4+ T 
cell activation, whereas Ag-specific B cell responses can be induced by delivering Ag to certain 
C-type lectin receptors found on myeloid DCs. B cell responses can be enhanced or inhibited by 
nonspecific agents such as TLR agonists or immunosuppressive drugs, respectively.
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particularly relevant to auto-Ags that consist 
of DNA- or RNA-containing immune com-
plexes. Although Ab responses to some Ags 
moderately increased following STAL treat-
ment, 100% effective depletion of Ag-specific 
B cells may not be necessary, as a reduction 
(vs. abolishment) in harmful auto-Abs may 
be sufficient for clinical benefit. Considering 
that most autoimmune disorders also con-
tain a significant T cell component, it may be 
necessary to combine STAL treatment with 
additional therapies aimed at inhibiting T 
cell responses such as costimulatory block-
ade or Ag targeting to pDCs. Despite these 
questions, the new platform introduced by 
Macauley and colleagues opens an exciting 
avenue for B cell manipulation, and adds to 
an ever-growing body of work that seeks to 
manipulate Ag-specific immune responses.
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Mixed-lineage leukemia (MLL; also known as myeloid/lymphoid), the 
human homolog of trithorax in Drosophila, is a transcriptional coactivator 
that plays an essential role during early development and hematopoiesis. 
Furthermore, MLL is critically involved in the epigenetic regulation of cell 
cycle, senescence, DNA damage, and stem cell self-renewal. Chromosomal 
aberrations of MLL in acute leukemias are well documented, but the role 
of this gene in solid malignancies remains unclear. In this issue of the JCI, 
Takeda et al. describe a novel epigenetic link between MLL and the HGF-
MET signaling pathway conferring invasive and metastatic properties to 
hepatocellular carcinoma cells.

The genomic landscapes of most com-
mon forms of human cancer have now 
been defined (1). One of the most interest-
ing findings emerging from these studies 

was the identification of approximately 
140 genes that, when altered by intra-
genic mutations, can promote or “drive” 
tumorigenesis in human cancers. Impor-
tantly, these driver genes can be classified 
into one or more of 12 signaling pathways 
regulating three fundamental cellular pro-
cesses: cell fate, cell survival, and genome 
maintenance (1). It is self-evident that 

better understanding and therapeutic use 
of these signaling pathways promises to 
improve both treatment and prevention of 
human cancer.

Among the druggable driver genes are 
several key oncogenic molecules, such as 
EGFR, BRAF, and MET, motivating the 
development of targeted agents that have 
already improved the outcome of the sub-
groups of patients with malignancies har-
boring activating mutations in these genes. 
However, in hepatocellular carcinomas 
(HCCs), no such clear “oncogene addic-
tion” exists, highlighting a role for alterna-
tive modes of oncogene activation, such as 
by epi-driver genes, which are epigenetical-
ly altered to be aberrantly expressed in can-
cer, conferring a growth advantage (1, 2).  
HCC most often develops in the context 
of a chronically inflamed microenviron-
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