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The combination of rituximab, a type | anti-CD20 mAb, with conventional chemotherapy has significantly improved the
outcome of patients with B cell malignancies. Regardless of this success, many patients still relapse with therapy-resistant
disease, highlighting the need for the development of mAbs with higher capacity to induce programmed cell death. The
so-called type Il anti-CD20 mAbs (e.g., tositumomab) that trigger caspase-independent B cell lymphoma cell death in vitro
and show superior efficacy as compared with rituximab in eradicating target cells in mouse models are emerging as the
next generation of therapeutic anti-CD20 mAbs. In this issue of the JCI/, lvanov and colleagues identify the lysosomal
compartment as a target for type 1l mAbs (see the related article beginning on page 2143). These data encourage the
further clinical development of type Il mAbs as well as other lysosome-targeting drugs in the treatment of B cell
malignancies.
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The combination of rituximab, a type I anti-CD20 mAb, with convention-
al chemotherapy has significantly improved the outcome of patients with
B cell malignancies. Regardless of this success, many patients still relapse
with therapy-resistant disease, highlighting the need for the development of
mAbs with higher capacity to induce programmed cell death. The so-called
type II anti-CD20 mAbs (e.g., tositumomab) that trigger caspase-indepen-
dent B cell lymphoma cell death in vitro and show superior efficacy as com-
pared with rituximab in eradicating target cells in mouse models are emerg-
ing as the next generation of therapeutic anti-CD20 mAbs. In this issue of the
JCI, Ivanov and colleagues identify the lysosomal compartment as a target
for type Il mAbs (see the related article beginning on page 2143). These data
encourage the further clinical development of type Il mAbs as well as other
lysosome-targeting drugs in the treatment of B cell malignancies.

Caspase-mediated apoptosis is the main
mechanism of action of most current anti-
cancer treatments. Defects in apoptosis sig-
naling pathways are, however, among the
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major hallmarks of cancer, and apoptosis-
inducing therapies further select for highly
apoptosis-refractory tumor cell clones (1).
Accordingly, new strategies to kill cancer
cells by nonapoptotic mechanisms have
flourished during the past decade, and many
mediators of alternate cell death pathways
have been identified. Among them are the
lysosomes with their large arsenal of proteo-
lytic and lipolytic hydrolases (2, 3).
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The lysosome: an emerging target
for cancer therapy

Lysosomes function as cellular recycling and
waste disposal units by degrading organelles
and macromolecules delivered to the lyso-
somal compartment by autophagy, endocy-
tosis, and phagocytosis (4). The degradation
is performed by over 50 lysosomal hydro-
lases that can process all the major macro-
molecules of the cell to break down products
available for metabolic reutilization. The
lysosomal cell death pathways are character-
ized by partial lysosomal membrane permea-
bilization and the subsequent translocation
of lysosomal hydrolases into the cytosol (2,
3). Once in the cytosol, lysosomal hydrolases,
particularly cathepsin proteases, can trigger
caspase-independent and BCL-2-insensitive
cell death pathways even in highly apoptosis-
resistant cancer cells.

The potential of lysosomes as powerful
“cell suicide bags” was recognized already
in the 1950s by Christian de Duve, who
received the Nobel prize for his discovery of

August 2009 2133



commentaries

ADCC
Types | and
Complement- ImAb

dependent

Lysosome

CD20* B cell

lysosomes. The further development of lyso-
some-targeting drugs for cancer treatment
was, however, discouraged for many decades
because of the presumption that they would
kill all lysosome-bearing cells, i.e., all human
cells except for mature red blood cells. The
widespread apoptosis resistance in aggres-
sive cancers together with recent discoveries
indicating that the cancer-associated dra-
matic increase in lysosomal activity sensitizes
cancer cell lysosomes to permeabilization
has, however, revived interest in lysosome-
targeting drugs in cancer treatment (3).

Rituximab has heralded a new era

in cancer treatment

Rituximab, a chimeric mAD targeting a
B cell-specific CD20 surface antigen (Ag),
was the first therapeutic mAb approved for
use in treating human malignancy by the
US Food and Drug Administration. Over
the last decade, its addition to conven-
tional chemotherapy has greatly increased
the response rates and survival times in
patients with both aggressive and indolent
B cell malignancies, including diffuse large
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B cell lymphoma, follicular lymphoma,
mantle cell lymphoma, and chronic lym-
phocytic leukemia (5-7). In spite of these
achievements, a significant proportion of
patients still relapse with a disease that
has acquired resistance against immuno-
chemotherapy. In particular, it has been
demonstrated that tumors with defective
apoptosis pathways due to the overexpres-
sion of the antiapoptotic protein MCL1
and transcriptional repressor BCL-6, con-
stitutive activation of the NF-kB pathway,
or loss of tumor suppressor TPS3 are less
sensitive than other tumors to combina-
tion therapies with rituximab (8-11).

The efficacy of mAbs as anticancer agents
may rely on several mechanisms. In addition
to the Ag-independent IgG-induced path-
ways, i.e., Ab-dependent cellular cytotoxicity
and complement-dependent cytotoxicity,
mAbs may trigger a number of Ag-specific
mechanisms that either inhibit cell growth
or activate cell death pathways (Figure 1).
Even though rituximab-mediated cross-link-
ing of the CD20 Ag has been reported to acti-
vate the caspase-dependent mitochondrial
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Figure 1

The effector mechanisms of type | and type I
anti-CD20 mAbs. Whereas type | anti-CD20
mAbs induce cytotoxicity in B cells mainly via
complement-dependent cytotoxicity and Ab-
dependent cellular cytotoxicity (ADCC), type Il
anti-CD20 mAbs are weaker at activating
complement-dependent cytotoxicity. Instead,
type Il anti-CD20 mAbs are potent inducers
of actin-dependent homotypic adhesions
between B cells. In this issue of the JCI, Ivanov
and colleagues demonstrate that these adhe-
sions are associated with localization of lyso-
somes to the proximity of cell-cell contacts,
lysosomal swelling, and lysosomal mem-
brane permeabilization (17). Importantly, the
lysosomal hydrolases leaked into the cytosol
can then induce nonapoptotic cell death even
in highly apoptosis-resistant and rituximab-
resistant B cell malignancies. Thus, type Il
mAbs may provide new treatment options
even in aggressive B cell tumors resistant to
current therapies.

apoptosis pathway in sensitive target cells in
vitro, several lines of evidence suggest thatits
in vivo efficacy relies mainly on conventional
mechanisms involving the complement and
immune effector cells (12).

The clinical success of rituximab has
led to a growing interest in mAb-based
therapies in general and in those targeting
CD20 in particular. The functional analy-
sis of numerous existing anti-CD20 mAbs
has allowed their division into at least two
functionally separate groups based on their
ability to redistribute CD20 molecules in
the plasma membrane and activate various
effector functions (13). The so-called type I
anti-CD20 mADbs (such as tositumomab) are
more potent in inducing programmed cell
death than the type I anti-CD20 mAbs (such
as rituximab) both as single agents and
when combined with low-dose X-ray radia-
tion (14). Importantly, the greater capacity
of type II mAbs to induce programmed cell
death in vitro correlates with their better
efficacy in depleting malignant B cells in
murine xenograft models as well as B cells
in human CD20-transgenic mice (15, 16).
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Lysosomes as targets
for type Il mAbs
Based on the observation that F(ab)'; frag-
ments of type Il but not those of type I anti-
CD20 mAbs provide substantial immu-
notherapy, it has been suggested that the
greater efficacy of type II anti-CD20 mAbs
relies on their ability to signal programmed
cell death (15). Taking into consideration
the highly apoptosis-resistant nature of
many B cell malignancies, it is important
to note that tositumomab induces a non-
apoptotic cell death, which is independent
of caspase activation and insensitive to
the antiapoptotic action of BCL-2 (13).
So far, the only clue to the nonapoptotic
cytotoxic mechanism of action of tositu-
momab is its correlation with homotypic
adhesion (aggregation) of the cells. In this
issue of the JCI, Ivanov and colleagues
shed further light on this mechanism (17).
They provide ample data causally connect-
ing tositumomab-induced cell death with
actin reorganization, homotypic adhesion,
and lysosomal membrane permeabiliza-
tion. Using a variety of B cell lymphoma
cell lines and a panel of primary samples
from patients with chronic lymphocytic
leukemia combined with pharmacologi-
cal inhibitors of actin polymerization, they
convincingly demonstrate that both the
homotypic adhesion and cell death induc-
tion depend on actin dynamics. Using the
Raji B cell lymphoma cell line as a model
system, they then take a closer look at the
cellular and molecular changes induced by
tositumomab. In this model system, they
identify lysosomes as effectors of tositu-
momab-induced cytotoxicity. They dem-
onstrate that tositumomab triggers an ini-
tial increase in the volume of the lysosomal
compartment followed by the collapse of
this compartment prior to plasma mem-
brane permeabilization. And more impor-
tantly, the causative link between lysosom-
al leakage and cell death is provided by the
remarkable cytoprotection brought about
by the otherwise subtoxic pharmacological
inhibitors of cysteine cathepsins (Z-Phe-
Gly-NHO-Bz-pOM) and a vacuolar proton
pump (concanamycin A and bafilomycin).
Intriguingly, the data by Ivanov et al.
show that type Il mAbs directed against the
MHC class II cell surface receptor HLA-DR
also trigger actin-dependent homotypic
adhesion and the lysosomal cell death path-
way, whereas type I anti-CD20 mAbs do
not (17). These data suggest that both the
cell adhesion and the lysosomal cell death
are dependent on the mode of interaction
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between the Ag and the mAb rather than on
the nature of the Ag targeted. In this con-
text, it would be interesting to determine
whether this phenomenon also translates
to type II mAbs recognizing other target
molecules, such as CD99, whose cross-link-
ing by mAb has been reported to induce
caspase-independent cell death (18).

It remains to be revealed how type Il mAbs
trigger lysosomal destabilization. Based
on the dependence of cell death on actin
dynamics, the correlation between intercel-
lular membrane exchange and cell death,
the localization of disrupted lysosomes
and leaked cathepsins into the areas of
cell-cell contact, and the dramatic swelling
of the lysosomal compartment, it is tempt-
ing to speculate that homotypic adhesions
may induce an uncontrolled endocytosis
response resulting in an enlargement of the
lysosomal compartment. Interestingly, the
cathepsin B staining pattern observed in
the treated cells suggests that tositumomab
dramatically increases the expression of this
lysosomal hydrolase (17), whose increased
activity can destabilize lysosomal mem-
branes by a mechanism involving degrada-
tion of lysosomal membrane proteins (19).
More quantitative experiments addressing
cathepsin activity as well as the analysis of
endocytic activity would, however, be need-
ed to test this hypothesis, which was not
addressed by the authors.

Future perspectives

The current study by Ivanov and cowork-
ers demonstrates that type II mAbs such
as tositumomab induce the nonapoptotic
lysosomal cell death pathway (17). Given
that many lymphomas have fundamental
defects in both mitochondrial and death
receptor signaling pathways and that these
apoptotic defects specifically characterize
the most aggressive and rituximab-resis-
tant tumors, type II mAbs may provide
new treatment options in aggressive B
cell tumors. Indeed, tositumomab treat-
ment has been demonstrated to result in
tumor regression in refractory/relapsed
non-Hodgkin lymphoma patients and
even more remarkable responses have
been reported for the 13I-conjugated ver-
sion of tositumomab (Bexxar) that shows
efficacy even in cases in which rituximab-
based therapy has failed (20, 21). It will
be of importance to investigate in future
clinical trials whether the superiority of
the unconjugated type II mAbs compared
with type I mAbs seen in the experimental
models also holds true in patients (14-16).
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Type II mAbs may also be beneficial as
first-line therapy in combination with exis-
tent chemotherapeutic regimens, since it
may prohibit the development of resistant
cells with apoptosis defects. In light of this
new data on the lysosomal involvement in
the cytotoxicity induced by type II mAbs,
combination therapies with agents further
sensitizing cells to lysosomal destabili-
zation (such as microtubule-disturbing
drugs vincristine and paciltaxel) as well as
with those inducing lysosomal destabiliza-
tion (such as siramesine) should be experi-
mentally tested (22, 23). Finally, it can be
speculated whether regimens that cause
activation of the lysosomal cell death path-
way may also be effective in patients with
inherited diseases caused by defects in pro-
apoptotic genes such as TP53 (Li-Fraumeni
syndrome) and FAS (autoimmune lympho-
proliferative syndrome).
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The cytotoxic activity of lymphocytes is crucial for immune surveillance
and homeostasis. Several independent, naturally occurring genetic models
characterized by defects in granule trafficking or exocytosis have helped to
decipher the multiple steps and molecules that regulate the cytotoxic pro-
cess. The study by Riider and colleagues in this issue of the JCI shows that
an engineered absence of EBAGY, previously reported as a tumor-associ-
ated antigen, enhances cytotoxic activity of CTLs but not NK cells, likely
acting on the endosomal-lysosomal trafficking of the cytotoxic effectors
(see the related article beginning on page 2184). This finding adds a new
piece to the puzzle of complex mechanisms that tightly regulate the capacity
of the cytotoxic response and suggests a new target to negatively modulate

CTL responsiveness.

CTLs and NK cells (collectively known as
“cytotoxic lymphocytes”) are major players
in the body’s defense against viral infection
and cancer via their ability to seek out and
kill infected or tumorigenic cells. Although
CTLs are activated by specific antigen rec-
ognition, the cytotoxic activity of NK cells
is initiated by specific activating receptors
or combinations thereof and is inhibited
by self MHC class I recognition. Once cyto-
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toxic cells have recognized their targets and
formed a conjugate, the trafficking of gran-
ule components, including perforin and
granzymes, to the immunological synapse
(IS) between the cell and its target, leads
to the delivery of perforin and granzymes
into the target cells and subsequent target
destruction through apoptosis (1, 2).
Studies of natural or engineered
mutants involving cytotoxic function tell
us a great deal about the in vivo function
of this pathway. So far, only genetic dis-
eases leading to the loss of cytotoxic func-
tion have been reported (3). These studies
have revealed the tremendous importance
of this cytotoxic pathway in immune
homeostasis. Congenital defects that lead
to either impaired perforin function or
its dysregulated release result in the spe-
cific severe condition hemophagocytic
lymphohistiocytosis (HLH) syndrome.
This syndrome stems from the inability of
activated cytotoxic cells to clear antigen-
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presenting targets. The failure to clear
antigen causes unremitting polyclonal
CD8* T cell expansion, activation, and
infiltration of visceral organs associated
with macrophage activation, with the del-
eterious release of multiple inflammatory
cytokines including IFN-y (3, 4).

In addition, the studies of these natural
mutants both in humans and in mice have
contributed to the characterization of criti-
cal effectors of the cytotoxic machinery and
their function. They also provided evidence
of the exquisite regulation of this process,
which occurs in successive steps follow-
ing cell activation. For instance, studies
of Griscelli syndrome type 2, a rare condi-
tion characterized by partial albinism and
occurrence of an HLH syndrome (5), and
familial HLH type 3 (FHL3) (6) have shown
the critical role of two proteins, the small
GTPase Rab27a and the priming factor
Munc13-4, at a late step of the secretory
pathway. Rab27a regulates the tethering of
mature cytotoxic granules that have polar-
ized at the IS, whereas Munc13-4 primes
the docked cytotoxic granules before
their fusion with the plasma membrane
at the IS. Other proteins, for which their
defect impairs lymphocyte cytotoxic activ-
ity, likely regulate an upstream step in the
cytotoxic pathway. They include adapter
protein 3 (AP3), which is deficient in Her-
mansky-Pudlak syndrome type 2 (HPS2)
(7, 8), and the lysosomal trafficking regu-
lator (LYST) protein, which is deficient in
Chediak-Higashi syndrome (9, 10). Their
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