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Pathogenic Long-Lived Plasma Cells and Their Survival
Niches in Autoimmunity, Malignancy, and Allergy

Oliver Winter,*" Christof Dame,’ Franziska ]undt,;t and Falk Hiepe*

Long-lived plasma cells survive in a protected microen-
vironment for years or even a lifetime and provide hu-
moral memory by establishing persistent Ab titers.
Long-lived autoreactive, malignant, and allergen-spe-
cific plasma cells are likewise protected in their survival
niche and are refractory to immunosuppression, B cell
depletion, and irradiation. Their elimination remains
an essential therapeutic challenge. Recent data indicate
that long-lived plasma cells reside in a multicomponent
plasma cell niche with a stable mesenchymal and a dy-
namic hematopoietic component, both providing essen-
tial soluble and membrane-bound survival factors.
Alternative niches with different hematopoietic cell
components compensate fluctuations of single cell types
but may also harbor distinct plasma cell subsets. In this
Brief Review, we discuss conventional therapies in au-
toimmunity and multiple myeloma in comparison
with novel drugs that target plasma cells and their
niches. In the future, such strategies may enable the
specific depletion of pathogenic plasma cells while leav-
ing the protective humoral memory intact.  The Jour-
nal of Immunology, 2012, 189: 5105-5111.

1990s (1, 2), provide a persisting Ab titer in the blood

and form the humoral memory of the immune sys-
tem, which is independent of permanent Ag presence (3).
Therefore, LLPCs are defined as memory PCs (MPCs)
(Table I). PCs differ from their direct precursors, the plasma
blasts, by proliferation halt, loss of migratory capabilities,
downregulation of characteristic B cell markers such as CD19,
CD20, CD22, and HLA-DR/MHC class I, and upregula-
tion of CD138 and BLIMP1. Depending on the primary Ag
stimulation, the estimated half-life of the humoral memory
varies from 11 y (tetanus) to >200 y (measles, mumps) (4).
MPCs, however, are not long-lived per se but need anti-
apoptotic stimuli from their microenvironment, the so-called

PC niche (5). If a newly generated PC does not successfully

L ong-lived plasma cells (LLPCs), first identified in the

enter a survival niche in a competitive process or, vice versa, if
an LLPC is displaced from its niche by an immigrating young
PC, it undergoes apoptosis (6) (Fig. 1A). In the past 15 vy,
several soluble survival factors, for example, the chemokine
CXCL12, the BCMA ligands APRIL and BAFF (also known
as BLyS), IL-6, TNF-a, and membrane-bound PC survival
factors, for example, VCAM-1 and the CD44 ligands hyal-
uronic acid, fibronectin, and collagen, were discovered both in
vitro and in vivo (Table II). These factors can synergistically
contribute to PC survival (7), but only BCMA stimulation (8),
expression of CD93 (9), and for bone marrow PCs expression
of CD28 (10) were demonstrated to be essential for PC lon-
gevity. However, the role of CD28 might be controversial, as
Njau et al. (11) reported increased Ig titers and PC numbers in
CD287'™ chimeras. Whereas the large majority of MPCs are
localized in the bone marrow (5, 12), LLPCs are also found
in lymphatic organs such as spleen (13), lymph nodes (14),
mucosa-associated lymphatic tissues (15), as well as in
chronically inflamed tissues such as the synovium in rheu-
matoid arthritis (16), the CNS in induced multiples sclerosis
(17), the kidneys in systemic lupus erythematosus (SLE)
(18), the salivary glands in Sjégren’s syndrome (19), or the
lung during chronic airway inflammation in allergy/asthma
(20, 21). In secondary lymphatic tissues, PCs reside in extra-
follicular areas such as the lamina propria of mucosa and the
red pulp of spleen, and LLPCs are associated with APRIL,
BAFF, and IL-6 sources in the vicinity (14, 15, 22, 23).
Whereas APRIL is produced by several cell types in the bone
marrow (24), only few cells in specific areas (e.g., the sub-
epithelium zone in tonsillar crypts or intestinal villi in the
mucosa) secrete this survival factor in other organs (15).
Moreover, certain organs have different potential to support
PC survival, and induction of angiogenesis seems crucial to
maintain PCs in inflamed tissues (25).

In studying the cellular composition of the PC niche,
Tokoyoda et al. (26) found that in the bone marrow >95% of
all IgG PCs are colocalized with CXCL12-abundant reticular
(CAR) cells, a subpopulation of mesenchymal stromal cells.
According to cell division studies, only 50-70% of bone
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Table I.  Plasma cell stages

BRIEF REVIEWS: TARGETING PATHOGENIC PLASMA CELLS

Plasma Cell Stage

Characteristics

Plasma blasts/newly Capable of dividing and migrating, still expressing declining levels of typical B cell

developed PCs
SLPCs
enter the survival niche.

LLPCs/MPCs

markers (e.g., CD19, CD20, CD22, HLA-DR/MHC class II).

Mature PCs that might lack the capability to become long-lived or were not able to

Survive for extended periods of time and persistently secrete Abs without need of Ag

presence, thus providing humoral memory. LLPCs usually arise from T cell-
dependent germinal center reactions and secrete affinity-maturated and Ig class-
switched Abs. A large majority of LLPCs are generated in secondary immune

responses.

marrow PCs appear to be long-lived (27), indicating the
existence of another determining factor. Indeed, within the
last 3 y, several in vivo studies demonstrated the contribution
of hematopoietic cells such as megakaryocytes (27), eosino-
phils (28), basophils (29, 30), dendritic cells and monocytes/
macrophages (14), myeloid progenitors (31), neutrophils
(15), and monocytes (22) to the PC niche. In vitro, osteo-
clasts also stimulate PC survival (32). Of note, in the intes-
tinal mucosa, which contains large numbers of mainly IgA-
secreting PCs, induced titers and LLPC numbers were stable
for at least 100 d under germ-free conditions but declined
under nonsterile conditions, indicating rapid adaptation of
the humoral memory to the intestinal microbiota and intense
competitive pressure in the mucosal PC niche (33). As such,
some cell types may specifically support LLPCs in the bone
marrow sustaining stable/long-term humoral memory, whereas
others provide PC survival in secondary lymphoid organs or
inflamed tissues during chronic inflammation or infection,
maintaining temporary/short-term humoral memory. Con-
sidering recent findings, we extended the classical stroma/
plasma cell model of the survival niche with a hematopoietic
niche component (HNC) to the model of a multicomponent
PC niche (MCPN) (24) (Fig. 1A). The HNC enriches the
concentration of PC survival factors in the niche but may also
add specific factors. Thus, different hematopoietic cells form
alternative niches that compensate the loss of one particular
cell type but may also harbor distinct PC subpopulations, for
example, TNF-a and inducible NO synthase producing IgA
PCs (34) or nerve growth factor and neurotrophin-3—depen-
dent PCs (20).

Interestingly, all hitherto reported HNCs (Table II) are of
myeloid origin and most express CD80/86. Thus, PCs can
stimulate IL-6 production in these cells via CD28 (10). The
finding that myeloid cells not only cooperate with lymphocytes
during early phases of the immune response but sustain
humoral memory defines a new hallmark of interaction be-
tween the innate and adaptive immune systems.

The understanding of the MCPN should be considered in
processes involving long-lived autoreactive, malignant, and
allergen-specific PCs. Such an approach may open new avenues
to overcome therapy resistance and may be helpful to improve
future therapeutic concepts.

Autoreactive PCs

Genetic, hormonal, and environmental factors contribute to
the pathogenesis of autoimmune diseases such as chronic im-
mune thrombocytopenia, SLE, rheumatoid arthritis, Sjogren’s
syndrome, or multiple sclerosis (12). In these disorders, auto-

reactive MPCs continuously secrete Abs, resulting in chro-
nicity or relapse of autoimmunity (12) (Fig. 1B).

Current therapeutic strategies primarily target the inflam-
matory processes and activated immune cells (12, 35).
Nonsteroidal anti-inflammatory drugs, antimalarials, glu-
cocorticoids, conventional immunosuppressive or cytotoxic
drugs, IVIg, as well as cell depletion Abs such as anti-CD20
(rituximab) targeting B lymphocytes can efficiently reduce
the acute or chronic inflammation. They can also abrogate
temporary PC survival niches in inflamed tissues and thus
eliminate LLPC:s in these organs, whereas LLPCs in the bone
marrow are not affected by them. Patients with severe re-
fractory autoimmune disorders may benefit from splenectomy
or immunoablation followed by autologous stem cell trans-
plantation (36). The complete elimination of the autoreactive
memory PCs by immune ablation with polyclonal anti-
thymocyte globulin is crucial for the success of the autolo-
gous stem cell transplantation (37). Bortezomib, a proteasome
inhibitor directly targeting PCs, eliminates both short- and
long-lived autoreactive PCs (38, 39). Targeting the survival
niche (see Table III) for autoreactive LLPCs may synergize
with the primary therapy and thus improve outcome.
Targeting migration (chemokines and their receptors). The CXCR4
antagonist AMD3100 dislocates malignant PCs from their
niche and enhances the susceptibility to bortezomib (40).
Additionally, CXCR4 inhibitors disturb the migration of
newly formed PCs and may prevent CXCR4" hematopoietic
cells from entering the PC survival niche (41). As recently
demonstrated, natural (CXCL11) and synthetic (CCX771)
ligands for CXCR7 block the CXCR4-mediated transendo-
thelial migration 100-fold more efficiently than does AMD3100
(42) and they interfere with the CXCL12-directed migration
(43). Suppressing the migration of CXCR3" leukocytes toward
CXCR3 ligands (CXCL9/10/11), expressed in inflamed tissues,
could also serve as a therapeutic target in various autoimmune
diseases. Consistent with this hypothesis, CXCR3 ™'~ MRL/lpr
mice displayed nephritis with reduced albuminuria and less
glomerular tissue damage, which was associated with di-
minished infiltration of Th1 and Th17 cells into the kidneys
(44). In contrast, CXCR3-deficient NZB/W mice had reduced
IgG1 titers but did not show clinical improvement (45). This
might be explained by the finding that infiltration of CD4,
CD8 T cells and IgG, IgM PCs in the kidneys was not
disturbed and suggest the presence of CXCR3-dependent
and -independent pathways, pointing out the diversity in
the pathogenesis of lupus nephritis. Accordingly, some, but
not all, SLE patients might benefit from anti-CXCR3 treat-

ment.
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FIGURE 1. The MCPN for protective, autoreactive, and malignant PCs. (A)
The MCPN model. The newly generated PC enters the bone marrow across
the endothelium. Inside the marrow it migrates via CXCR4 (the CXCL12
receptor) toward a CAR cell of mesenchymal origin. The CAR cell provides
scaffolding and a meeting point with a dynamic CXCR4" HNC that releases
additional survival factors such as APRIL and IL-6. The PC and the HNC
attach to the CAR cell via VLA-4, LFA-1, and CD44, and they can interact
with each other via CD28-CD80/86. In its niche, the PC can survive for
decades and provides a persistent Ab titer, the humoral memory. When the
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Targeting soluble survival factors (cytokines and their receptors).
Because several inflammatory cytokines also act as PC survival
factors, therapeutic Abs directed against such cytokines mod-
ulate the milieu within the PC niche (Table III). The anti-
BAFF Ab belimumab reduces anti-dsDNA, anti-Smith, anti-
cardiolipin, and anti-ribosomal P autoantibodies, normalizes
C3/C4 complement levels, and decreases the amount of naive
and activated B cells and PCs, but it does not deplete memory
B cells (57). As such, the fraction of anti-dsDNA Abs secreted
by short-lived PCs (SLPCs) (58), whose numbers correlate
with flares (12), is targeted by belimumab whereas the Ab
titers against pneumococci, tetanus, and influenza representing
LLPCs are not reduced (59). This underscores the necessity
to block both compensating BCMA ligands, that is, APRIL
and BAFF, to deplete LLPC:s (8, 60). Thus, the novel TACI-Ig
fusion protein atacicept, which binds APRIL and BAFF, might
be a promising therapeutic option (Table III).

Targeting attachment (adhesion molecules). The anti—~VLA-4 Ab
natalizumab, originally generated to suppress the transmigration
of activated leukocytes into inflamed tissues, is approved for the
treatment of multiple sclerosis and dislocates PCs from their
survival niche, leading to the depletion of autoreactive MPCs.
Targeting both adhesion molecules VLA-4 and LFA-1 facilitates
the reduction of LLPCs in the bone marrow (48).

Targeting the HNCs. The replacement of pathogenic LLPCs by
protective PCs could further improve the therapy. Our data
show that in mice the approach of combined vaccination and
short-term manipulation of the HNC (stimulation of mega-
karyopoiesis by recombinant thrombopoietin) decreases the
amount of pre-existing LLPCs and enlarges the pool of novel
emerged protective MPCs (27). Nevertheless, in individuals
with autoimmune disorders a booster immunization with live
attenuated vaccines or strong adjuvants may lead to a bystander
activation of autoreactive lymphocytes and to an increase of
autoreactive cells and an enhancement of the autoimmune
memory.

Malignant PCs

Multiple myeloma (MM) is characterized by osteolytic lesions
and severe renal failure owing to elevated monoclonal Ig pro-
duction through malignant PCs, so-called MM cells (MMCs).
Furthermore, expansion of MMC:s leads to progressive com-
petition and replacement of the hematopoietic compartment in
bone marrow (61). Survival of MMC:s depends, similar to that
of protective PCs, on antiapoptotic stimuli, such as IL-6, IGF-1,
APRIL, and BAFF, with osteoclasts being a major source for
APRIL and BAFF in MM (62). The receptors for APRIL and/or

newly formed PC or respectively the resident LLPC loses the competition for
the niche, it undergoes apoptosis. (B) Targeting the survival niche for LLPCs.
The LLPCs can provide a protective, autoimmune, or allergologic humoral
memory. In its niche, with mesenchymal and hematopoietic components, the
LLPC is refractory to conventional immunosuppressive therapies. Potential
targets within the survival niche for the LLPCs are indicated. (C) Targeting the
survival niche for malignant PCs. MMCs such as protective PCs depend on
stimulatory signals from their survival niche. The MMCs aggressively modify
their microenvironment by inducing angiogenesis via VEGF, attracting mes-
enchymal stem cells via CCL25, and myeloid precursors/immature dendritic
cells as hematopoietic niche components via CCL3 and thus generate addi-
tional niche space. Targets within the niche for MMCs are indicated.
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Table II.

Plasma cell survival factors

Cellular Niche

Molecular Niche Components Components

Soluble factors Mesenchymal origin

Chemokines and receptors CAR cells
CXCL12 (SDF-1)- CXCR4 Hematopoietic origin
CXCL9/10/11-CXCR3 Basophils

Cytokines and receptors Dendritic cells
APRIL and BAFF (BLyS)-BCMA Eosinophils
IL-6-IL-6R Macrophages
TNF-a-TNF-aR Megakaryocytes

Membrane-bound factors Monocytes

Adhesion molecules Myeloid precursors
VCAM-1-VLA-4 Neutrophils
ICAM-1-LFA-1 Osteoclasts
Hyaluronan and fibronectin—-CD44

Miscellaneous
CD93

CD80/86-CD28

BAFF (BCMA, TACI, and BAFF-R) are heterogeneously
expressed on MMC:s and could not be correlated with disease
prognosis (63). Whereas TACI" MMC:s respond to APRIL and
BAFF stimulation, BCMA"/TACI™ MMCs only proliferate
upon APRIL stimulation (63), reflecting the fact that BAFF has
a 1000-fold weaker affinity for BCMA than APRIL. Further-

BRIEF REVIEWS: TARGETING PATHOGENIC PLASMA CELLS

more, CD138 on PCs is an important costimulatory molecule
for APRIL-TACI but not for BAFF-TACI or APRIL-BCMA
signaling, as it harvests APRIL from the environment and
presents it to TACI (63).

Moreover, gene expression profiles of MMCs (64, 65) and
their niche (66) differ from those of protective PCs (e.g., in
TRAIL and FAS expression, with both being important
mediators of apoptosis).

Transendothelial migration and homing of MMC:s is reg-
ulated by the CXCL12-CXCR4 axis (43), and VEGFR1"
hematopoietic bone marrow cells initiate a premetastatic
niche (67). Experimental removal of these VEGFR1" cells
prevents tumor metastasis. MMCs aggressively modulate
their microenvironment by inducing angiogenesis via VEGF-
1 and attracting mesenchymal stem cells via CCL25 (Fig.
1C). Latter ones synthesize PC survival factors (IL-6, IGF-1)
and counterbalance bortezomib-induced apoptosis (68).
Additionally, MMCs attract HNCs such as osteoclast pro-
genitors or immature dendritic cells (69) through secretion of
chemokines such as CCL3 (MIP-1a) (70). Moreover, mac-
rophages form a multicomponent niche with stromal cells
and extend MMC survival compared with stromal cells alone
(71). Via abundant expression of CD28, MMCs promote
survival of CD80/86" myeloid cells in their microenviron-
ment and stimulate IL-6 production in these cells (72). As
a result, tight interactions of MMCs with CAR cells, HNC,

Table III.  Current therapeutic treatments targeting the survival niche for PCs
Target in the Niche Drug Disease/Model Therapeutic/Mechanistic Effect Status
Migration
CXCL12-CXCR4 AMD3100/NOX-A12 MM, SLE  Increases mobilization into periphery AMD?3100 plus G-CSF is FDA
or CCX2066 and sensitivity to several antitumor approved for MM (40)
drugs
CXCL12-CXCR4/7 CCX771/CXCL11 Tumor Inhibits transendothelial migration Exploratory study (42)
metastasis 100-fold stronger than AMD3100
CXCL9/10/11-CXCR3 None applied SLE Reduces the severity of SLE in Preclinical studies (44, 45)
(CXCR3™'") MRL, but not in
(CXCR3™'7) NZB/W mice
CCL3-CCR1 CCX721 MM Decreases tumor burden and Exploratory study (46)
osteolytic damage
Adhesion
VLA-4 Natalizumab MS, MM Delays MS progression; inhibits and ~ FDA approved with restrictions for

sensitizes MMC:s to bortezomib; causes
rare but fatal viral infections (PML)
Depletes LLPCs from the bone marrow

VLA-4 plus LFA-1 Anti-VLA-4 plus

anti-LFA-1 Abs

Healthy mice

Angiogenesis

VEGF Bevacizumab MM
Cytokines

BAFF (BLyS) Belimumab SLE

APRIL plus BAFF Atacicept RA, MM, SLE

IL-6 Siltuximab (CNTO 328); MM

sirukumab (CNTO 136)

IL-6R Tocilizumab RA, SLE
HNC

Osteoclasts KRN5500 MM

resolves attachment of MMCs,

Improves outcome when combined
with chemotherapy; rising numbers
of bevacizumab-resistant tumors

Reduces autoantibodies, naive and
activated B cells, and PCs but not
memory B cells and LLPCs
Slows progression of MM; reduces
levels of Ig and rheumatoid factor

Enhances cytotoxic effect of
dexamethasone and bortezomib
Clinical and serological
improvement of the disease

Induces cell death in MMCs and

osteoclasts, reduces bone destruction

MS; preclinical study for MM (47)

Preclinical study (48)

Phase II trial for MM (49)

FDA approved for SLE

Phase II trials for RA (50, 51); phase I
trial for MM (52); phase II/III trial for
SLE (NCT00624338)
Preclinical study (53); open
trial/healthy induced (54)

FDA approved for RA; phase I trial
for SLE (55)

Preclinical study (56)

FDA, U.S. Food and Drug Administration; MS, multiple sclerosis; PML, progressive multifocal leukoencephalopathy; RA, rheumatoid arthritis; SS, Sjogren’s syndrome.

20T ‘6 1snSny uo 1sans Aq /310 ounurr-mmam//:dny woiy papeorumo(q


http://www.jimmunol.org/

The Journal of Immunology

endothelial cells, and the surrounding extracellular matrix
leads to the so-called cell adhesion—mediated drug resistance.

Current treatment strategies for MM, detailed elsewhere
(70, 73), depend on age, secondary diseases, tumor stage, and
progression. High-dose chemotherapy and subsequent autol-
ogous or allogenic stem cell transplantation is often advised.
Additional treatment strategies addressing the interaction
between MMCs and their survival niches may improve out-
come by enhancing the primary therapy and reducing severe
adverse effects (70).

Inducing dislocation and targeting migration. G-CSF mobilizes
hematopoietic stem cells (HSCs) and causes evasion of
SLPCs and LLPCs from bone marrow (74). Also, AMD3100
dislocates MMCs from their survival niche and renders them
more sensitive to therapy (40). Combinatory therapy with G-
CSF and AMD3100 results in augmented HSC mobilization
compared with G-CSF treatment alone and has been approved
by the U.S. Food and Drug Administration for treating MM
(75).

Targeting attachment. The adhesion molecule CD44 is synthe-
sized by MMC:s in alternative variants (e.g., CD44v3, v6, v9),
which differently stimulate IL-6 production in stromal cells.
CD44 variants are associated with tumor progression and prog-
nosis (e.g., CD44v6" frequency: 6% monoclonal gammopathy
of unknown significance, 17% MM stadium I, 43% MM
stadia II/III) and are promising targets in MM treatment (76).
Furthermore, interfering with VLA-4—mediated adhesion in-
hibits accumulation of MMC:s, disrupts binding of MMCs,
blocks VEGF-induced angiogenesis, and increases sensitivity

of MMC:s to bortezomib (47).

Soluble survival factors (cytokines). The anti-1L-6 Ab siltuximab
(CNO328) synergizes with dexamethasone and bortezomib,
and it improves outcome in MM with only few adverse effects
(56). APRIL and BAFF, whose serum levels in MM patients
are 5-fold elevated compared with healthy donors, partially
prevent MMC:s from dexamethasone- and anti-IL-6-induced
apoptosis. Deprivation of APRIL and BAFF by TACI-Ig
consequently increases the efficiency of dexamethasone and
anti-IL-6 treatment, and it eliminates nearly all MMCs in
culture (62). Moreover, atacicept reduces the amount of
MMC:s in the bone marrow and slows disease progression in

82% of patients with relapsed/refractory MM (77).

Hematopoietic niche components. The spicamycin analog
KRN5500 causes stress in the endoplasmatic reticulum and
induces apoptosis in MMCs and osteoclasts in vitro and in
vivo. Reduction of osteoclasts as important HNCs is a valuable

feature of KRN5500 treatment (53).

Allergen-specific PCs

Allergen-specific IgE Abs contribute to the pathogenesis of type
I hypersensitivity. Independent of allergen presence, IgE Ab
titers persist for years, indicating that humoral allergologic
memory is formed by LLPCs (78). Additionally, basophils and
mast cells, loaded with IgEs on FceRlI, can provide allergologic
memory for weeks, even in the absence of PCs and soluble IgE,
although for stable memory IgE supply is necessary (79). Re-
cently, it was demonstrated that inhalation of the potent Ag
OVA leads to the accumulation of IgG, IgA, and IgE LLPCs
in the bone marrow and lung (21). However, the number of
IgE LLPCs is lower than those of other Ig classes according to

5109

worse migratory capabilities of IgE PCs in the competition for
the survival niche (80). Nevertheless, life-threatening anaphy-
lactic reactions in patients with severe forms of allergy are still
a tremendous risk. For curative treatment, the elimination of
both immediate effectors and allergologic memory would be
essential (78). Assuming that IgE LLPCs also depend on sur-
vival factors and an intact niche (78), they are susceptible to
niche-targeted therapy. However, because few LLPCs are suf-
ficient to load basophils and mast cells with pathogenic IgEs,
only partial reduction of LLPCs may not gain improvement.

Conclusions

A supportive microenvironment that supplies soluble and
membrane-bound survival factors is essential for the persistence
of protective and pathogenic PCs. In autoimmunity, malig-
nancy, and allergy, long-lived memory PCs are protected by
their survival niche against most conventional immunosup-
pressive treatments and maintain a pathogenic Ab titer or in
MM a malignant clone that may enable and accelerate the
relapse or progression of the disease. Therefore, the survival
niche for pathogenic PCs represents an important therapeutic
target. The molecular characterization of the PC survival niche
and the discovery of a dynamic HNC unveiled potential
therapeutic targets for the treatment of PC-associated diseases.
Whether alternative niches with different HNCs provide dis-
tinct niches for specific PC subpopulations remains an inter-
esting question for future research, especially when considering
novel strategies for selective depletion of pathogenic PCs.

Disclosures

The authors have no financial conflicts of interest.

References

1. Manz, R. A, A. Thiel, and A. Radbruch. 1997. Lifetime of plasma cells in the bone
marrow. Nature 388: 133-134.

2. Slifka, M. K., R. Antia, J. K. Whitmire, and R. Ahmed. 1998. Humoral immunity
due to long-lived plasma cells. fmmunity 8: 363-372.

3. Manz, R. A., M. Lohning, G. Cassese, A. Thiel, and A. Radbruch. 1998. Survival of
long-lived plasma cells is independent of antigen. Int. Immunol. 10: 1703-1711.

4. Amanna, L. J., N. E. Carlson, and M. K. Slifka. 2007. Duration of humoral im-
munity to common viral and vaccine antigens. N. Engl. J. Med. 357: 1903-1915.

5. Radbruch, A., G. Muehlinghaus, E. O. Luger, A. Inamine, K. G. Smith, T. Dérner,
and F. Hiepe. 2006. Competence and competition: the challenge of becoming
a long-lived plasma cell. Nat. Rev. Immunol. 6: 741-750.

6. Odendahl, M., H. Mei, B. F. Hoyer, A. M. Jacobi, A. Hansen, G. Muehlinghaus,
C. Berek, F. Hiepe, R. Manz, A. Radbruch, and T. Dérner. 2005. Generation of
migratory antigen-specific plasma blasts and mobilization of resident plasma cells in
a secondary immune response. Blood 105: 1614-1621.

7. Cassese, G., S. Arce, A. E. Hauser, K. Lehnert, B. Moewes, M. Mostarac,
G. Muchlinghaus, M. Szyska, A. Radbruch, and R. A. Manz. 2003. Plasma cell
survival is mediated by synergistic effects of cytokines and adhesion-dependent
signals. J. Immunol. 171: 1684-1690.

8. O’Connor, B. P., V. S. Raman, L. D. Erickson, W. J. Cook, L. K. Weaver, C. Ahonen,
L. L. Lin, G. T. Mantchev, R. J. Bram, and R. ]J. Noelle. 2004. BCMA is essential for
the survival of long-lived bone marrow plasma cells. /. Exp. Med. 199: 91-98.

9. Chevrier, S., C. Genton, A. Kallies, A. Karnowski, L. A. Otten, B. Malissen,
M. Malissen, M. Botto, L. M. Corcoran, S. L. Nutt, and H. Acha-Orbea. 2009.
CD93 is required for maintenance of antibody secretion and persistence of plasma
cells in the bone marrow niche. Proc. Natl. Acad. Sci. USA 106: 3895-3900.

10. Rozanski, C. H., R. Arens, L. M. Carlson, ]J. Nair, L. H. Boise, A. A. Chanan-Khan,
S. P. Schoenberger, and K. P. Lee. 2011. Sustained antibody responses depend on
CD28 function in bone marrow-resident plasma cells. /. Exp. Med. 208: 1435-1446.

11. Njau, M. N,, J. H. Kim, C. P. Chappell, R. Ravindran, L. Thomas, B. Pulendran,
and J. Jacob. 2012. CD28-B7 interaction modulates short- and long-lived plasma
cell function. /. Immunol. 189: 2758-2767.

12. Hiepe, F., T. Dorner, A. E. Hauser, B. F. Hoyer, H. Mei, and A. Radbruch. 2011.
Long-lived autoreactive plasma cells drive persistent autoimmune inflammation.
Nat. Rev. Rheumatol. 7: 170-178.

13. Hoyer, B. F., K. Moser, A. E. Hauser, A. Peddinghaus, C. Voigt, D. Eilat,
A. Radbruch, F. Hiepe, and R. A. Manz. 2004. Short-lived plasmablasts and long-
lived plasma cells contribute to chronic humoral autoimmunity in NZB/W mice. /.

Exp. Med. 199: 1577-1584.

20T ‘6 1snSny uo 1sans Aq /310 ounurr-mmam//:dny woiy papeorumo(q


http://www.jimmunol.org/

5110

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Mohr, E., K. Serre, R. A. Manz, A. F. Cunningham, M. Khan, D. L. Hardie,
R. Bird, and I. C. MacLennan. 2009. Dendritic cells and monocyte/macrophages
that create the IL-6/APRIL-rich lymph node microenvironments where plasmablasts
mature. /. Immunol. 182: 2113-2123.

Huard, B., T. McKee, C. Bosshard, S. Durual, T. Matthes, S. Myit, O. Donze,
C. Frossard, C. Chizzolini, C. Favre, et al. 2008. APRIL secreted by neutrophils
binds to heparan sulfate proteoglycans to create plasma cell niches in human mu-
cosa. J. Clin. Invest. 118: 2887-2895.

Kim, H. J., V. Krenn, G. Steinhauser, and C. Berek. 1999. Plasma cell development
in synovial germinal centers in patients with rheumatoid and reactive arthritis. /.
Immunol. 162: 3053-3062.

Pachner, A. R., L. Li, and D. Lagunoff. 2011. Plasma cells in the central nervous
system in the Theiler’s virus model of multiple sclerosis. /. Neuroimmunol. 232: 35—

40.

. Cassese, G., S. Lindenau, B. de Boer, S. Arce, A. Hauser, G. Riemekasten, C. Berek,

F. Hiepe, V. Krenn, A. Radbruch, and R. A. Manz. 2001. Inflamed kidneys of
NZB/W mice are a major site for the homeostasis of plasma cells. Eur. J. Immunol.
31: 2726-2732.

Szyszko, E. A., K. A. Brokstad, G. Oijordsbakken, M. V. Jonsson, R. Jonsson, and
K. Skarstein. 2011. Salivary glands of primary Sjogren’s syndrome patients express
factors vital for plasma cell survival. Arthritis Res. Ther. 13: R2.

Abram, M., M. Wegmann, V. Fokuhl, S. Sonar, E. O. Luger, S. Kerzel,
A. Radbruch, H. Renz, and M. Zemlin. 2009. Nerve growth factor and
neurotrophin-3 mediate survival of pulmonary plasma cells during the allergic air-
way inflammation. J. Immunol. 182: 4705-4712.

Luger, E. O., V. Fokuhl, M. Wegmann, M. Abram, K. Tillack, G. Achatz,
R. A. Manz, M. Worm, A. Radbruch, and H. Renz. 2009. Induction of long-lived
allergen-specific plasma cells by mucosal allergen challenge. J Allergy Clin. Immunol.
124: 819-826.¢4.

Belnoue, E., C. Tougne, A. F. Rochat, P. H. Lambert, D. D. Pinschewer, and
C. A. Siegrist. 2012. Homing and adhesion patterns determine the cellular com-
position of the bone marrow plasma cell niche. J. Immunol. 188: 1283-1291.
Mesin, L., R. Di Niro, K. M. Thompson, K. E. Lundin, and L. M. Sollid. 2011.
Long-lived plasma cells from human small intestine biopsies secrete immunoglo-
bulins for many wecks in vitro. J. Immunol. 187: 2867-2874.

Winter, O., E. Mohr, and R. A. Manz. 2011. Alternative cell types form a multi-
component-plasma-cell-niche. fmmunol. Lett. 141: 145-146.

Vadasz, Z., D. Attias, A. Kessel, and E. Toubi. 2010. Neuropilins and semaphorins:
from angiogenesis to autoimmunity. Autoimmun. Rev. 9: 825-829.

Tokoyoda, K., T. Egawa, T. Sugiyama, B. I. Choi, and T. Nagasawa. 2004. Cellular
niches controlling B lymphocyte behavior within bone marrow during development.
Immunity 20: 707-718.

Winter, O., K. Moser, E. Mohr, D. Zotos, H. Kaminski, M. Szyska, K. Roth,
D. M. Wong, C. Dame, D. M. Tarlinton, et al. 2010. Megakaryocytes constitute
a functional component of a plasma cell niche in the bone marrow. Blood 116:
1867-1875.

Chu, V. T., A. Frohlich, G. Steinhauser, T. Scheel, T. Roch, S. Fillatreau, J. J. Lee,
M. Léhning, and C. Berek. 2011. Eosinophils are required for the maintenance of
plasma cells in the bone marrow. Nat. Immunol. 12: 151-159.

Denzel, A., U. A. Maus, M. Rodriguez Gomez, C. Moll, M. Niedermeier,
C. Winter, R. Maus, S. Hollingshead, D. E. Briles, L. A. Kunz-Schughart, et al.
2008. Basophils enhance immunological memory responses. Nat. Immunol. 9: 733~
742.

Rodriguez Gomez, M., Y. Talke, N. Goebel, F. Hermann, B. Reich, and M. Mack.
2010. Basophils support the survival of plasma cells in mice. J. Immunol. 185:
7180-7185.

Matthes, T., I. Dunand-Sauthier, M. L. Santiago-Raber, K. H. Krause, O. Donze,
J. Passweg, T. McKee, and B. Huard. 2011. Production of the plasma-cell survival
factor a proliferation-inducing ligand (APRIL) peaks in myeloid precursor cells from
human bone marrow. Blood 118: 1838-1844.

Geffroy-Luseau, A., G. Jégo, R. Bataille, L. Campion, and C. Pellat-Deceunynck.
2008. Osteoclasts support the survival of human plasma cells in vitro. Int. Immunol.
20: 775-782.

Hapfelmeier, S., M. A. Lawson, E. Slack, J. K. Kirundi, M. Stoel, M. Heikenwalder,
J. Cahenzli, Y. Velykoredko, M. L. Balmer, K. Endt, et al. 2010. Reversible mi-
crobial colonization of germ-free mice reveals the dynamics of IgA immune
responses. Science 328: 1705-1709.

Fritz, J. H., O. L. Rojas, N. Simard, D. D. McCarthy, S. Hapfelmeier, S. Rubino,
S. J. Robertson, M. Larijani, J. Gosselin, I. I. Ivanov, et al. 2012. Acquisition of
a multifunctional IgA* plasma cell phenotype in the gut. Nature 481: 199-203.
Provan, D., R. Stasi, A. C. Newland, V. S. Blanchette, P. Bolton-Maggs,
J. B. Bussel, B. H. Chong, D. B. Cines, T. B. Gernsheimer, B. Godeau, et al. 2010.
International consensus report on the investigation and management of primary
immune thrombocytopenia. Blood 115: 168-186.

Aringer, M., H. Burkhardt, G. R. Burmester, R. Fischer-Betz, M. Fleck,
W. Graninger, F. Hiepe, A. M. Jacobi, I. Kotter, H. J. Lakomek, et al. 2012.
Current state of evidence on “off-label” therapeutic options for systemic lupus
erythematosus, including biological immunosuppressive agents, in Germany, Aus-
tria and Switzerland: a consensus report. Lupus 21: 386—401.

Alexander, T., A. Thiel, O. Rosen, G. Massenkeil, A. Sattler, S. Kohler, H. Mei,
H. Radtke, E. Gromnica-Thle, G. R. Burmester, et al. 2009. Depletion of autore-
active immunologic memory followed by autologous hematopoietic stem cell
transplantation in patients with refractory SLE induces long-term remission through
de novo generation of a juvenile and tolerant immune system. Blood 113: 214-223.
Fréhlich, K., J. U. Holle, P. M. Aries, W. L. Gross, and F. Moosig. 2011. Successful
use of bortezomib in a patient with systemic lupus erythematosus and multiple
myeloma. Ann. Rheum. Dis. 70: 1344-1345.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

BRIEF REVIEWS: TARGETING PATHOGENIC PLASMA CELLS

Neubert, K., S. Meister, K. Moser, F. Weisel, D. Maseda, K. Amann, C. Wiethe,
T. H. Winkler, J. R. Kalden, R. A. Manz, and R. E. Voll. 2008. The proteasome
inhibitor bortezomib depletes plasma cells and protects mice with lupus-like disease
from nephritis. Nat. Med. 14: 748-755.

Azab, A. K, J. M. Runnels, C. Pitsillides, A. S. Moreau, F. Azab, X. Leleu, X. Jia,
R. Wright, B. Ospina, A. L. Carlson, et al. 2009. CXCR4 inhibitor AMD3100
disrupts the interaction of multiple myeloma cells with the bone marrow micro-
environment and enhances their sensitivity to therapy. Blood 113: 4341-4351.
Hiibel, K., W. C. Liles, H. E. Broxmeyer, E. Rodger, B. Wood, S. Cooper,
G. Hangoc, R. Macfarland, G. J. Bridger, G. W. Henson, et al. 2004. Leukocytosis
and mobilization of CD34" hematopoictic progenitor cells by AMD3100,
a CXCR4 antagonist. Support. Cancer Ther. 1: 165-172.

Zabel, B. A., Y. Wang, S. Lewén, R. D. Berahovich, M. E. Penfold, P. Zhang,
J. Powers, B. C. Summers, Z. Miao, B. Zhao, et al. 2009. Elucidation of CXCR7-
mediated signaling events and inhibition of CXCR4-mediated tumor cell trans-
endothelial migration by CXCR?7 ligands. /. Immunol. 183: 3204-3211.

Duda, D. G,, S. V. Kozin, N. D. Kirkpatrick, L. Xu, D. Fukumura, and R. K. Jain.
2011. CXCL12 (SDF1a)-CXCR4/CXCR7 pathway inhibition: an emerging sen-
sitizer for anticancer therapies? Clin. Cancer Res. 17: 2074-2080.

Steinmetz, O. M., J. E. Turner, H. J. Paust, M. Lindner, A. Peters, K. Heiss,
J. Velden, H. Hopfer, S. Fehr, T. Krieger, et al. 2009. CXCR3 mediates renal Th1
and Th17 immune response in murine lupus nephritis. /. fmmunol. 183: 4693—
4704.

Moser, K., K. Kalies, M. Szyska, J. Y. Humrich, K. Amann, and R. A. Manz. 2012.
CXCR3 promotes the production of IgG1 autoantibodies but is not essential for the
development of lupus nephritis in NZB/NZW mice. Arthritis Rheum. 64: 1237—
1246.

Dairaghi, D. J., B. O. Oyajobi, A. Gupta, B. McCluskey, S. Miao, J. P. Powers,
L. C. Seitz, Y. Wang, Y. Zeng, P. Zhang, et al. 2012. CCR1 blockade reduces tumor
burden and osteolysis in vivo in a mouse model of myeloma bone discase. Blood
120: 1449-1457.

Podar, K., A. Zimmerhackl, M. Fulciniti, G. Tonon, U. Hainz, Y. T. Tai, S. Vallet,
N. Halama, D. Jiger, D. L. Olson, et al. 2011. The selective adhesion molecule
inhibitor natalizumab decreases multiple myeloma cell growth in the bone marrow
microenvironment: therapeutic implications. Br. J. Haematol. 155: 438—448.
DilLillo, D. J., Y. Hamaguchi, Y. Ueda, K. Yang, J. Uchida, K. M. Haas, G. Kelsoe,
and T. F. Tedder. 2008. Maintenance of long-lived plasma cells and serological
memory despite mature and memory B cell depletion during CD20 immunother-
apy in mice. J. Immunol. 180: 361-371.

Somlo, G., A. Lashkari, W. Bellamy, T. M. Zimmerman, J. M. Tuscano,
M. R. O’Donnell, A. F. Mohrbacher, S. J. Forman, P. Frankel, H. X. Chen, et al.
2011. Phase II randomized trial of bevacizumab versus bevacizumab and thalido-
mide for relapsed/refractory multiple myeloma: a California Cancer Consortium
trial. Br. J. Haematol. 154: 533-535.

Genovese, M. C., N. Kinnman, G. de La Bourdonnaye, C. Pena Rossi, and
P. P. Tak. 2011. Atacicept in patients with rheumatoid arthritis and an inadequate
response to tumor necrosis factor antagonist therapy: results of a phase II, ran-
domized, placebo-controlled, dose-finding trial. Arthritis Rheum. 63: 1793-1803.
van Vollenhoven, R. F., N. Kinnman, E. Vincent, S. Wax, and J. Bathon. 2011.
Atacicept in patients with rheumatoid arthritis and an inadequate response to
methotrexate: results of a phase II, randomized, placebo-controlled trial. Arthritis
Rbheum. 63: 1782-1792.

Rossi, J. F. 2011. Phase I study of atacicept in relapsed/refractory multiple myeloma
(MM) and Waldenstrom’s macroglobulinemia. Clin. Lymphoma Myeloma Leuk. 11:
136-138.

Voorhees, P. M., Q. Chen, G. W. Small, D. J. Kuhn, S. A. Hunsucker,
J. A. Nemeth, and R. Z. Orlowski. 2009. Targeted inhibition of interleukin-6 with
CNTO 328 sensitizes pre-clinical models of multiple myeloma to dexamethasone-
mediated cell death. Br. J. Haematol. 145: 481-490.

Xu, Z., E. Bouman-Thio, C. Comisar, B. Frederick, B. Van Hartingsveldt,
J. C. Marini, H. M. Davis, and H. Zhou. 2011. Pharmacokinetics, pharmacody-
namics and safety of a human anti-IL-6 monoclonal antibody (sirukumab) in
healthy subjects in a first-in-human study. Br. J. Clin. Pharmacol. 72: 270-281.
Illei, G. G., Y. Shirota, C. H. Yarboro, J. Daruwalla, E. Tackey, K. Takada,
T. Fleisher, J. E. Balow, and P. E. Lipsky. 2010. Tocilizumab in systemic lupus
erythematosus: data on safety, preliminary efficacy, and impact on circulating
plasma cells from an open-label phase I dosage-escalation study. Arthritis Rheum. 62:
542-552.

Miki, H., S. Ozaki, S. Nakamura, A. Oda, H. Amou, A. Tkegame, K. Watanabe,
M. Hiasa, Q. Cui, T. Harada, et al. 2011. KRN5500, a spicamycin derivative, exerts
anti-myeloma effects through impairing both myeloma cells and osteoclasts. Br. /.
Haemarol. 155: 328-339.

Stohl, W., F. Hiepe, K. M. Latinis, M. Thomas, M. A. Scheinberg, A. Clarke,
C. Aranow, F. R. Wellborne, C. Abud-Mendoza, D. R. Hough, et al; BLISS-52
Study Group; BLISS-76 Study Group. 2012. Belimumab reduces autoantibodies,
normalizes low complement levels, and reduces select B cell populations in patients
with systemic lupus erythematosus. Arthritis Rheum. 64: 2328-2337.

Liu, Z., Y. Zou, and A. Davidson. 2011. Plasma cells in systemic lupus eryth-
ematosus: the long and short of it all. Eur. J. Immunol. 41: 588-591.

Chatham, W. W., D. J. Wallace, W. Stohl, K. M. Latinis, S. Manzi, W. J. McCune,
D. Tegzova, J. D. McKay, H. E. Avila-Armengol, T. O. Utset, et al; BLISS-76
Study Group. 2012. Effect of belimumab on vaccine antigen antibodies to influ-
enza, pneumococcal, and tetanus vaccines in patients with systemic lupus eryth-
ematosus in the BLISS-76 trial. /. Rheumatol. 39: 1632-1640.

Varfolomeev, E., F. Kischkel, F. Martin, D. Seshasayee, H. Wang, D. Lawrence,
C. Olsson, L. Tom, S. Erickson, D. French, et al. 2004. APRIL-deficient mice have
normal immune system development. Mol. Cell. Biol. 24: 997-1006.

20T ‘6 1snSny uo 1sans Aq /310 ounurr-mmam//:dny woiy papeorumo(q


http://www.jimmunol.org/

The Journal of Immunology

6l1.

62.

63.

64.

65.

66.

67.

68.

69.

Paiva, B., M. Pérez-Andrés, M. B. Vidriales, J. Almeida, N. de las Heras,
M. V. Mateos, L. Lépez-Corral, N. C. Gutiérrez, ]. Blanco, A. Oriol, et al; GEM
(Grupo Espafiol de MM)/PETHEMA (Programa para el Estudio de la Terapéutica
en Hemopatias Malignas); Myeloma Stem Cell Network (MSCNET). 2011.
Competition between clonal plasma cells and normal cells for potentially over-
lapping bone marrow niches is associated with a progressively altered cellular dis-
tribution in MGUS vs myeloma. Leukemia 25: 697-706.

Moreaux, J., E. Legouffe, E. Jourdan, P. Quittet, T. Réme, C. Lugagne, P. Moine,
J. F. Rossi, B. Klein, and K. Tarte. 2004. BAFF and APRIL protect myeloma cells
from apoptosis induced by interleukin 6 deprivation and dexamethasone. Blood 103:
3148-3157.

Moreaux, J., A. C. Sprynski, S. R. Dillon, K. Mahtouk, M. Jourdan, A. Ythier,
P. Moine, N. Robert, E. Jourdan, J. F. Rossi, and B. Klein. 2009. APRIL and TACI
interact with syndecan-1 on the surface of multiple myeloma cells to form an es-
sential survival loop. Eur. J. Haematol. 83: 119-129.

Jourdan, M., T. Reme, H. Goldschmidt, G. Fiol, V. Pantesco, ]J. De Vos,
J. F. Rossi, D. Hose, and B. Klein. 2009. Gene expression of anti- and pro-apoptotic
proteins in malignant and normal plasma cells. Br. J. Haematol. 145: 45-58.
Klein, B., A. Seckinger, T. Moehler, and D. Hose. 2011. Molecular pathogenesis of
multiple myeloma: chromosomal aberrations, changes in gene expression, cytokine net-
works, and the bone marrow microenvironment. Recent Results Cancer Res. 183: 39-86.
Mahtouk, K., J. Moreaux, D. Hose, T. Réme, T. Meissner, M. Jourdan, J. F. Rossi,
S. T. Pals, H. Goldschmidt, and B. Klein. 2010. Growth factors in multiple my-
eloma: a comprehensive analysis of their expression in tumor cells and bone marrow
environment using Affymetrix microarrays. BMC Cancer 10: 198.

Kaplan, R. N., R. D. Riba, S. Zacharoulis, A. H. Bramley, L. Vincent, C. Costa,
D. D. MacDonald, D. K. Jin, K. Shido, S. A. Kerns, et al. 2005. VEGFR1-positive
haematopoietic bone marrow progenitors initiate the pre-metastatic niche. Nature
438: 820-827.

Xu, S., E. Menu, A. De Becker, B. Van Camp, K. Vanderkerken, and I. Van Riet.
2012. Bone marrow-derived mesenchymal stromal cells are attracted by multiple
myeloma cell-produced chemokine CCL25 and favor myeloma cell growth in vitro
and in vivo. Stem Cells 30: 266-279.

Tucci, M., S. Ciavarella, S. Strippoli, O. Brunetti, F. Dammacco, and F. Silvestris.
2011. Immature dendritic cells from patients with multiple myeloma are prone to
osteoclast differentiation in vitro. Exp. Hematol. 39: 773-783, el.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

5111

Palumbo, A., and K. Anderson. 2011. Multiple myeloma. N. Engl. J. Med. 364:
1046-1060.

Kim, J., R. A. Denu, B. A. Dollar, L. E. Escalante, J. P. Kuether, N. S. Callander,
F. Asimakopoulos, and P. Hematti. 2012. Macrophages and mesenchymal stromal
cells support survival and proliferation of multiple myeloma cells. Br. /. Haematol.
158: 336-346.

Nair, J. R, L. M. Carlson, C. Koorella, C. H. Rozanski, G. E. Byrne,
P. L. Bergsagel, J. P. Shaughnessy, Jr., L. H. Boise, A. Chanan-Khan, and K. P. Lee.
2011. CD28 expressed on malignant plasma cells induces a prosurvival and im-
munosuppressive microenvironment. /. fmmunol. 187: 1243—-1253.

Rajkumar, S. V. 2011. Multiple myeloma: 2011 update on diagnosis, risk-
stratification, and management. Am. J. Hematol. 86: 57-65.

Caraux, A., M. Perez-Andres, M. Larroque, G. Requirand, Z. Y. Lu, T. Kanouni,
J. F. Rossi, A. Orfao, and B. Klein. 2011. Mobilization of plasma cells in healthy
individuals treated with granulocyte colony-stimulating factor for haematopoietic
stem cell collection. Tmmunology 132: 266-272.

Pusic, 1., and J. F. DiPersio. 2010. Update on clinical experience with AMD3100,
an SDF-1/CXCL12-CXCR4 inhibitor, in mobilization of hematopoietic stem and
progenitor cells. Curr. Opin. Hematol. 17: 319-326.

Liebisch, P., S. Eppinger, C. Schépflin, G. Stehle, G. Munzert, H. Déhner, and
M. Schmid. 2005. CD44v6, a target for novel antibody treatment approaches, is
frequently expressed in multiple myeloma and associated with deletion of chro-
mosome arm 13q. Haematologica 90: 489-493.

Rossi, J. F., J. Moreaux, D. Hose, G. Requirand, M. Rose, V. Rouillé, I. Nestorov,
G. Mordenti, H. Goldschmidt, A. Ythier, and B. Klein. 2009. Atacicept in relapsed/
refractory multiple myeloma or active Waldenstrdm’s macroglobulinemia: a phase I
study. Br. J. Cancer 101: 1051-1058.

Luger, E. O., M. Wegmann, G. Achatz, M. Worm, H. Renz, and A. Radbruch.
2010. Allergy for a lifetime? Allergol. Int. 59: 1-8.

Kubo, S., T. Nakayama, K. Matsuoka, H. Yonekawa, and H. Karasuyama. 2003.
Long term maintenance of IgE-mediated memory in mast cells in the absence of
detectable serum IgE. J. Immunol. 170: 775-780.

Achatz-Straussberger, G., N. Zaborsky, S. Konigsberger, E. O. Luger, M. Lamers,
R. Crameri, and G. Achatz. 2008. Migration of antibody secreting cells towards
CXCL12 depends on the isotype that forms the BCR. Eur. J. Immunol. 38: 3167—
3177.

20T ‘6 1snSny uo 1sans Aq /310 ounurr-mmam//:dny woiy papeorumo(q


http://www.jimmunol.org/

