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Introduction

B cells are central to the humoral immune response as they 
secrete high-affinity antibodies targeting invading microbial 
agents. B-cell activation is triggered by the crosslinking of the 
B-cell receptor (BCR) by specific antigens, which can then be 
processed and presented to T cells in an MHC-restricted man-
ner.1,2 The most potent cytokine to induce the differentiation of 
human B cells into plasma cells is the interleukin (IL)-2 family 
cytokine IL-21.3 IL-21 is mainly provided by T follicular helper 
(T

FH
) cells, Th

17
 cells, and natural killer T (NKT) cells. IL-21 
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B cells are generally believed to operate as producers of high 
affinity antibodies to defend the body against microorganisms, 
whereas cellular cytotoxicity is considered as an exclusive 
prerogative of natural killer (NK) cells and cytotoxic T 
lymphocytes (CTLs). in conflict with this dogma, recent studies 
have demonstrated that the combination of interleukin-21 
(iL-21) and B-cell receptor (BCr) stimulation enables B cells to 
produce and secrete the active form of the cytotoxic serine 
protease granzyme B (GrB). Although the production of GrB by 
B cells is not accompanied by that of perforin as in the case 
of many other GrB-secreting cells, recent findings suggest 
GrB secretion by B cells may play a significant role in early 
antiviral immune responses, in the regulation of autoimmune 
responses, and in cancer immunosurveillance. Here, we 
discuss in detail how GrB-secreting B cells may influence 
a variety of immune processes. A better understanding of 
the role that GrB-secreting B cells are playing in the immune 
system may allow for the development and improvement of 
novel immunotherapeutic approaches against infectious, 
autoimmune and malignant diseases.
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exerts pleiotropic autocrine and paracrine functions such as the 
induction of cytotoxicity and antitumor activity in CD8+ T, 
NK and NKT cells.4,5 In B cells, IL-21 stimulation can have 
at least three different outcomes. First, in the absence of both 
BCR engagement and T-cell help, IL-21 induces B-cell apopto-
sis.6 Second, in the presence of CD40 ligation, and either a BCR 
signal or a Toll-like receptor (TLR) signal, IL-21 fundamentally 
promotes the differentiation of B cells into long-lived memory 
and antibody-secreting plasma cells.7,8 Third, we observed that 
IL-21 can stimulate B cells to express and secrete the active form 
of the serine protease granzyme B (GrB). In contrast to plasma 
cell differentiation, however, this transcriptional program occurs 
only in the absence of CD40 ligation, and is therefore indepen-
dent of classical T-cell help.9,10

Granzymes are closely related serine proteases that repre-
sent key components of the cytotoxic granules of NK cells and 
CTLs.11,12 Our understanding of the functions of granzymes in 
general is limited, perhaps with the exception of GrB, which is 
the most extensively studied member of the family. GrB is a 32 
kDa protein that is released from cytotoxic cells via granule exo-
cytosis and that initiates perforin-dependent death in target cells 
by cleaving caspase-3 at aspartic acid residues,13–15 as well as by 
activating additional cytotoxic pathways (Table 1).

Apart from well-established cytotoxic functions, granzymes 
can mediate a variety of extracellular effects and hence partici-
pate, for instance, in inflammatory processes and tissue remod-
elling (Table 1).11,16 Various studies based on recombinant GrB 
revealed its ability to cleave extracellular matrix proteins such 
as fibronectin, laminin, vitronectin, and collagen IV.17–19 In this 
context, it was speculated that GrB may promote cell detachment, 
thereby inducing cell death via anoikis in primary endothelial 
cells. Furthermore, GrB has been associated with the cleavage of 
receptors on the surface of T cells, including (in selected circum-
stances) the TCR,20–22 which may explain—at least partially—
the GrB-dependent immunosuppressive effects of regulatory T 
cells (T

regs
) and plasmacytoid dendritic cells (pDCs).23,24 Other 

studies have described serum proteins involved in angiogenesis 
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GrB-expressing cells listed above co-express perforin, providing 
further support to the notion that GrB also exerts functions that 
are independent from its cytotoxic effects.

Potential Roles of GrB-Secreting B Cells in Health 
and Disease

The primary objective of the present review is to discuss current 
knowledge on GrB secretion by B cells and its putative physio-
logical and pathophysiological functions (Fig. 1). Several lines of 
evidence suggest that GrB-secreting B cells may be involved in 
early cell-mediated immune responses during inflammatory and 
neoplastic processes. First, the stimulus that drives the differen-
tiation of B cells into GrB secretors, IL-21, is produced very early 
after viral infection.40 Since B cells recognize antigens in an MHC-
independent manner, they are able to respond more rapidly than 
T cells, which require antigen presentation by professional anti-
gen-presenting cells (APCs). Furthermore, the variety of antigens 
potentially recognized by the BCR is broader than that of antigens 
recognized by the TCR, being not limited to peptides, but also 
including carbohydrates, nucleic acids and other types of antigens.

In line with these considerations, we demonstrated that viral 
antigens can induce significant GrB expression in B cells from 
individuals that had been previously vaccinated against the cor-
responding viral diseases, but not in B cells from unvaccinated 
donors.9 These findings and our very recent results showing that 
B cells can indeed exert cytotoxic effects toward other cells,10 sug-
gest an early involvement of B cells in cytotoxic and/or antiviral 
immune responses (Fig. 1A). In a second scenario, B cell-pro-
duced GrB would serve autoregulatory purposes. Recent studies 
have reported that GrB can leak from the intracellular granules 
into the cytoplasm of both T cells24 and NK cells,41 upon incom-
plete activation, eventually leading to their apoptotic demise. In 
analogy with these observations, we found that CD5+ B cells from 
patients affected by systemic lupus erythematosus (SLE) exhibit a 
higher potential to express GrB as compared with healthy CD5− 
B cells, and that the circulating levels of IL-21 are significantly 
increased in SLE patients as compared with healthy individuals.36 
In this setting, the viability of CD5+ B cells from SLE patients is 
strongly suppressed upon stimulation with IL-21 and anti-BCR 
antibodies. These observations and the fact that CD5+ B cells 
are thought to be involved in the pathogenesis of autoimmune 

and blood clotting as GrB substrates.25,26 Moreover, elevated 
serum levels of GrB have been observed in several disease states 
including autoimmune disorders and allergic reactions.27

GrB is expressed not only by cytotoxic cells such as CTLs 
and NK cells, but also by a variety of normally non-cytotoxic 
cell types including CD34+ hematopoietic stem cells,28 kera-
tinocytes,29 testicular Sertoli cells and placental syncytial tro-
phoblasts,30 pDCs,31,32 basophils,33 mast cells,34 neutrophils,35 
B cells9,10,36 and a variety of neoplastic cells such as breast carci-
noma37 and urothelial carcinoma cells38 (Table 2). Furthermore, 
B-cell chronic lymphocytic leukemia (B-CLL) cells secrete low 
levels of GrB upon stimulation with IL-21, and are able to induce 
GrB-dependent apoptosis in bystander B-CLL cells.39 Not all 

Table 1. Currently known granzyme B functions

Functions resulting in cytotoxicity Non-cytotoxic functions

Cleavage of aspartic acid residues80 Cleavage of extracellular matrix proteins17–19

Target cell DNA fragmentation and caspase activation81–83 Cleavage of cell-surface receptors20–22

BiD cleavage84 and processing of caspase 385 regulatory functions23,24,45

AiCD in T cells86–88 and NK cells41 Pro-inflammatory activity89

Proteolysis of von-willebrandt factor25 and plasmin26

Direct suppression of viral replication59,90

Cleavage of autoantigens91

Cleavage of iL-1α92

AiCD, activation-induced cell death; iL-1α, interleukin-1α; NK, natural killer.

Table 2. Cells currently known to express granzyme B

Cell type Perforin co-expression

Articular chondrocytes94 Yes

B cells9,10,36 No

Basophils33 No

B-CLL cells39 No

Breast carcinoma cells37 ?

CD34+ hematopoietic stem cells28 Yes

CTL and NK cells93 Yes

Keratinocytes29 No/yes

Macrophages96 ?

Mast cells34 No/yes

Mesenchymal stromal cells  
(unpublished observation)

No

Monocyte-derived dendritic cells51 ?

Neutrophils35 Yes

Plasmacytoid dendritic cells31,32 No

Platelets97 ?

regulatory T cells95 Yes

Testicular Sertoli cells and placental  
syncytial trophoblasts30 No

Urothelial carcinoma cells38 No

B-CLL, B-cell chronic lymphocytic leukemia; CTL, cytotoxic T lympho-
cyte; NK, natural killer.
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license, but also limit cytotoxic B cell responses to infected or 
(pre-)neoplastic cells. 

Importantly, the effects of IL-21 on B-cell differentiation are 
crucially influenced by multiple T cell-derived factors. Previous 
studies indicate that the IL-21-induced differentiation of plasma 
cells is strongly supported by CD4+ T-cell help, which includes 
CD40 ligand (CD40L)- and IL-4-mediated signals.3 At the 
same time, CD40L and IL-4 strongly inhibit IL-21-induced GrB 
expression by B cells. Importantly, we recently found that fully 
activated CD4+ T cells (i.e., receiving TCR stimulation and co-
stimulatory signals) express both IL-21 and CD40L, explaining 
their robust ability to favor the differentiation of plasma cells. In 
contrast, incompletely activated CD4+ T cells (receiving TCR 
stimulation only) express IL-21 but not CD40L, making them 
potent inducers of GrB production by B cells (Fig. 2).10

In view of these findings, the expression of GrB and the 
accompanying cytotoxicity are obviously not restricted to T cells, 
but also present in B cells. GrB-secreting B cells may therefore 
play a so far unappreciated role as alternative cytotoxic cells, par-
ticularly when antigen-specific T cells are not yet fully activated, 
such as in the early phase of tumorigenesis or viral infection.

Another interesting possibility that we would like to dis-
cuss in this context is the involvement of GrB in antigen cross-
presentation. A very recent report shows that, in mice, GrB is 
able to promote the exposure of “eat-me” signals on tumor cells 
succumbing from CTLs, thereby supporting phagocytosis and 
cross-presentation by specific APCs. Intriguingly, we noticed that 
three different types of human APCs share their ability to express 
GrB in the absence of perforin, namely B cells,9 pDCs31,32 and 

diseases42–44 might be interpreted as an indication of the 
existence of a counter-regulatory loop that evolved to 
prevent the excessive activation of autoimmune B cells 
(Fig. 1B). Of note, the ability of IL-21 to induce GrB-
dependent apoptosis in CD5+ B-CLL cells may involve 
similar mechanisms and may prove to be of therapeu-
tic use in the future.39 Finally, a third possibility is that 
GrB-secreting B cells may exert regulatory functions on 
other immune cells similar to those mediated by T

regs
 or 

pDCs.23,24,45 In this context, B cell-derived GrB may not 
only target IL-21-producing cells, such as CD4+ T cells, 
T

FH
 cells or NKT cells, but also bystander immune cells, 

via paracrine mechanisms (Fig. 1C). Supporting this 
hypothesis, we recently observed that GrB-expressing 
B cells potently suppress CD4+ T cell expansion, an 
effect that was associated with the GrB-dependent deg-
radation of the TCR ζ chain (manuscript submitted).

These findings reveal yet unrecognized functions 
for IL-21-activated B cells involving GrB secretion and 
encompassing the regulation of antiviral immunity, 
the execution of cellular cytotoxicity and the control of 
other populations of immune cells. These novel func-
tions of B cells will be extensively discussed in the fol-
lowing sections.

GrB+ B cells with cytotoxic potential. GrB-induced 
target cell death by CTLs and NK cells classically 
involves the secretion of perforin, which is considered 
to be critical for the killing process. Although the endosomal 
release of GrB needs an endosomolytic agent such as perforin, 
it is widely accepted that GrB enters the target cell in a perforin-
independent way, namely, mannose-6-phosphate receptor-medi-
ated or fluid phase endocytosis.46–48 Thus, the inability of B cells 
to produce perforin does not preclude a possible cytotoxic func-
tion. We therefore used normal B cells as well as several B-cell 
lines (which are either able or unable to secrete GrB upon IL-21 
stimulation) in cytotoxicity assays together with different tumor 
cell lines including HeLa and G-361 cells. We found that B cells 
were able to induce significant cell death in these tumor cell lines 
when GrB was secreted, but not when GrB secretion was absent.10 
Cytotoxicity was detected by Annexin V/PI staining, which 
allows for detection of slowly developing apoptosis, in contrast 
to the classical chromium release assay, which rather detects cell 
lysis instead of apoptosis. We also visualized the interactions of 
IL-21-activated B cells with HeLa cells by confocal microscopy 
using a fluorescent GrB substrate. By means of this approach, we 
demonstrated that B cell-derived GrB is transferred from B cells 
to HeLa cells in its active form, followed by the loss of HeLa cell 
size, which is compatible with an apoptotic shrinkage of the cells. 
An important unresolved question is how GrB reaches the target 
cell cytoplasm in the absence of perforin. Pore-forming bacte-
rial lysins,14,48 viral delivery proteins,47,49 and heat shock proteins 
expressed by tumor cells50 are all known to mediate the uptake 
and endolysosomal release of GrB into the target cell. Therefore, 
the absence of perforin secretion by B cells may be compensated 
by the expression of proteins that can deliver extracellular GrB 
to the target cell cytoplasm. Such a mechanism may not only 

Figure 1. Possible immunological functions of granzyme B-secreting B cells. B cell-
derived granzyme B (GrB) in the context of interleukin-21 (iL-21) stimulation and 
B-cell receptor (BCr)-engagement may mediate the following functions. (A) The di-
rect, specific and MHC-independent recognition of antigens may stimulate cyto-
toxic or B cells with antiviral properties, particularly during the early phases of infec-
tions. (B) The leakage of GrB in the cytoplasm may result in the apoptotic demise of 
autoreactive B cells. (C) B cells may acquire a regulatory phenotype, involving GrB 
expression, that results in suppressive effects on other immune cells.
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the cytosol of target cells along with the virus, where it 
may contribute to the intracellular control of the patho-
gen. Whether B cell-derived GrB in this context would 
operate by inducing the rapid apoptosis of infected cells, 
by cleaving viral proteins, or both, remains to be eluci-
dated. Of note, we have recently found that high fre-
quencies of GrB-expressing B cells can be detected in 
patients experiencing acute HIV infection, and that - in 
vitro - the expansion of the HI virus in CD4+ T cells 
is significantly suppressed by GrB+ B cells (unpublished 
results).

GrB as autoregulatory mediator in B cells. The 
paradigm that autoimmune diseases originate from 
defective T-cell regulation has recently been challenged 
by evidence that B cells also exhibit potent immuno-
regulatory properties. The multiple functions of B cells 
including antibody secretion, cytokine production, 
antigen presentation and formation of germinal centers 
endow these cells with characteristics that can either 
contribute to or counteract the development, re-activa-
tion or persistence of autoimmune disorders.42,60

Autoimmune diseases such as SLE have been linked 
to elevated serum levels of IL-21 und GrB.27,61–63 Since 
various autoimmune disorders have been associated 
with high frequencies of CD5+ B cells, we hypothesized 
the presence of a link between these three disease mani-
festations. Supporting this hypothesis, we observed a 
constitutive expression of GrB by CD5+ B cells from 
SLE patients, but not by CD5− B cells. Furthermore, 
we demonstrated a significant correlation between 

GrB and IL-21 serum levels in SLE patients, as well as a cons-
tistent expression of the IL-21 receptor on CD5+ B cells.36 Of 
note, IL-21 was able to induce significant apoptosis in activated, 
but not in resting, CD5+ B cells as obtained from SLE patients. 
This finding parallels results from a previous study with CD5+ 
malignant B cells from B-CLL patients, demonstrating that 
IL-21 and CpG oligodeoxynucleotides (CpG ODNs) can induce 
GrB-mediated apoptosis in CD5+ B-CLL cells but not in CD5− 
B cells.39 Altogether, these observations suggest that B cells may 
undergo activation-induced cell death (AICD), as previously 
described,64 a process that may involve the autologous expression 
of GrB, similar to what has been shown for NK and T cells.24,41

GrB+ B cells as regulatory B cells (B
regs

). Accumulating evi-
dence from different laboratories suggests that B cells may funda-
mentally contribute to the regulation of immune responses. For 
example, by targeting auto-reactive T cells in the early phases of 
viral infection, they may counteract the potential development of 
autoimmunity. The pathways whereby regulatory B cells (B

regs
) 

exert immunosuppressive functions may include the expression 
of CD25, the secretion of IL-10 and transforming growth factor 
β1 (TGFβ1), the production of antibodies that neutralize soluble 
factors, as well as direct interactions with other cell subsets, e.g., 
via cell surface-exposed CD1d or MHC Class I molecules.65–69 
A unique marker defining a B

reg
 phenotype has not yet been 

described, and consistent differences have been reported between 
murine and human B

regs
.65–67 Previous findings demonstrating 

IFNα-induced monocyte-derived DCs (moDCs),51 all of which 
are able to efficiently perform cross-presentation.52–54 The expres-
sion of GrB may therefore not only provide APCs with cytotoxic 
tools, as recently observed for interferon-producing killer DCs 
(IKDCs) in mice,55,56 but also could serve as a novel common 
effector molecule for APCs that are capable of cross-presenting 
antigens.

GrB+ B cells with antiviral activity. Many viruses have evolved 
strategies to evade recognition by the immune system and to mod-
ulate apoptosis for their own benefit.57 Granzymes (and particu-
larly GrB) have been described to degrade viral proteins and factors 
that are required for viral replication or assembly via non-cytotoxic 
mechanisms.58,59 These property might therefore constitute an 
additional tool of the immune system for inactivating intracellular 
pathogens. In a recent study, we evaluated the potential of human 
B cells to secrete GrB shortly after vaccination of healthy donors 
against tick-borne encephalitis virus, hepatitis B and rabies. Of 
note, B-cell responses in vaccinated subjects showed a significant 
induction of GrB after in vitro re-exposure with the correspond-
ing viral antigens, whereas a similar effect was not observed with 
B cells from unvaccinated donors.9 These data suggest that B cell-
derived GrB may indeed counteract overwhelming viral replica-
tion at the beginning of viral infections. Activated antigen-specific 
B cells might recognize virus particles via their BCR and, in the 
presence of IL-21-secreting CD4+ T, T

FH
 or NKT cells, begin to 

release GrB into the extracellular space. Secreted GrB might enter 

Figure 2. CD40 ligation regulates iL-21-induced differentiation of B cells into either 
plasma cells or granzyme B-secreting cells. Partial CD4+ T-cell activation: in the 
early phase of an immune response (0–3 d), a broad spectrum of low-affinity and 
partly self-reactive CD4+ T cells are present in a pre-activated state and secrete 
interleukin-21 (iL-21) but do not express CD40L. in this setting, B cells that are 
activated by specific B-cell receptor (BCr) crosslinking differentiate into granzyme 
B (GrB)-secreting B cells, owing to CD4+ T cell-derived iL-21 in the absence of CD40 
ligation (right). Full CD4+ T-cell activation: in a later phase (> 5 d), upon additional 
co-stimulation by professional antigen-presenting cells (APCs) in the draining 
lymph nodes, antigen-specific T cells arrive at the site of inflammation in a fully 
activated state. Such CD4+ T cells express both iL-21 and CD40 ligand, supporting 
the differentiation of activated B cells into plasma cells (left).
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not the first study to point out inter-species differences regarding 
the biology of granzymes. Indeed, human, mouse and rat GrB 
have previously been shown to exhibit distinct phenotypic and 
functional characteristics, which probably originated to address 
species-specific evolutionary challenges.76–79 These observations 
indicate that mouse models will not bring light into the mys-
tery of granzyme biology in human B cells, and that findings 
on murine granzymes should be extended very carefully to the 
human immune system and vice versa.

Concluding Remarks

In contrast to T cells, B lymphocytes have the capacity to rec-
ognize antigens in an MHC-independent manner, i.e., they do 
not require the presence of professional APCs for BCR activa-
tion. Therefore, B lymphocytes might be the first cells to rec-
ognize antigens in an rapid and specific manner, for example 
during incipient inflammatory processes or early during malig-
nant transformation. B cells may hence be critical in bridging 
the temporal gap between the first appearance of novel antigens 
and the completion of antigen-specific T-cell priming in draining 
lymph nodes. In this setting, the existence of GrB+ B cells with 
cytotoxic properties may allow for an early induction of antigen-
specific, cytotoxic immune responses. On the other hand, the 
immunoregulatory function of GrB+ B cells may prevent local T 
cells, some of which exhibit minor specificities for self-antigens, 
from becoming activated in situ during inflammatory processes 
and to promote autoimmune responses. Overall, GrB expres-
sion appears to place B cells at the boundary of the adaptive and 
innate immune systems, combining the specificity of adaptive 
immune responses with the speed of their innate counterparts. 
Novel immunotherapeutic approaches may therefore involve the 
adoptive transfer of GrB-expressing B cells or their induction in 
vivo using recombinant IL-21. On the other hand, depletion of 
extracellular GrB derived from B cells and other immune cells 
during chronic inflammatory processes or along with vaccina-
tions may represent a novel approach to induce more effective 
and broader cellular immune responses.

In summary, a growing body of evidence suggests that B cells 
are far more than mere antibody secretors and that their role in 
the immune system extends beyond mounting humoral immune 
responses. In the present review, we have discussed for the first 
time a novel role of B cells that involves the expression and secre-
tion of GrB. The findings discussed above suggests that B cells may 
deeply contribute to immunosurveillance, early antiviral immune 
responses as well as to the modulation of inflammatory processes.
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the GrB-dependent regulation of T-cell responses by T
regs

 and 
pDCs23,32,70 prompted us to hypothesize that GrB may also oper-
ate as an immunoregulatory molecule in B

reg
. Apart from regulat-

ing auto-reactive or malignant B cells in an autocrine manner, 
B cell-derived GrB may exhibit non-cytotoxic immunoregulatory 
effects on various immune cell populations. In recent experi-
ments, we found that B cells activated in the presence of IL-21 
and BCR stimulation (but in the absence of CD40L) can indeed 
potently suppress the proliferation of co-cultured CD4+ T cells in 
a GrB-dependent manner. Of note, this effect was associated with 
the GrB-dependent cleavage of the TCR ζ chain, which has earlier 
been shown to be a GrB substrate.21 Further characterization of 
these GrB-producing B

reg
 revealed a CD19+CD38+CD1d+CD147+ 

phenotype as well as the expression of additional immunoregu-
latory molecules including IL-10, indoleamine-2,3-dioxygenase 
(IDO) and CD25 (manuscript submitted).

Importantly, we found such GrB+ B cells to infiltrate the 
microenvironment of various solid tumors including breast, 
ovarian, cervical and colon carcinomas. While the infiltration of 
solid tumors with B cells has been described before, it has been 
associated with either tumor progression or regression, depend-
ing on tumor type and stage.71–74 These observations coupled to 
our recent results describing GrB+ B cells as either B

regs
 or cyto-

toxic cells raise the controversial question of whether tumor-infil-
trating GrB+ B cells rather contribute to or impede antitumor 
immune responses. Most likely, additional parameters including 
the tumor phenotype and the activation status of other immune 
cells determine the overall effects of GrB+ B cells on antitumor 
immunity. Nevertheless, GrB appears to represent a novel immu-
nomodulatory molecule expressed not only by T

regs
 and pDCs, 

but also by human B cells. Since B cells are abundantly present 
in the peripheral circulation, GrB+ B

regs
 may thus play a regula-

tory role not only in antitumor immunity, but also in systemic 
inflammatory processes such as autoimmune disorders and graft-
vs.-host diseases.

Using Mouse Models to Dissect the Function of GrB 
in Human B Cells

Establishing a reliable mouse model would obviously constitute a 
critical step toward the in-depth characterization of the biologi-
cal role of GrB secretion by B cells. Experimental mouse models 
(above all, gene knockout strains) provide researchers with tools 
that are not available in the human system, and have been indis-
pensable for our understanding of granzyme biology. This said, 
despite an extensive study based on multiple distinct mouse mod-
els, we were unable to detect GrB expression in murine B cells. 
This study involved various in vitro experiments using different 
classical B-cell stimuli in the context of IL-21 co-stimulation, 
in vivo infection and vaccination models, as well as a transgenic 
BCR mouse model that allowed us to specifically restimulate B 
cells in vivo and in vitro.75 Albeit disappointing, our study was 
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