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This thesis “Targeting the APRIL-Receptors interactions”, is divided into two main parts. The first is 
centered on the development of tools to either inhibit or selectively trigger APRIL signals (chapters 
2-3-4). The second part focuses on the usage of two different in vivo cancer models to study the role of 
APRIL (chapters 5 and 6) and preludes to the usage of anti-APRIL or APRIL-Receptor selective tools.

1. APRIL inhibition
As a number of B cell malignancies have been shown to obtain important survival stimuli from 
APRIL either through its deregulated expression in tumor cells or via its production by a diseased 
micro-environment (Chapter 1), we sought to develop APRIL blocking antibodies. 
To generate human APRIL antagonistic antibodies we used soluble human APRIL as immunogen 
and thereafter isolated the clones producing the best blocking activity toward TACI and BCMA. We 
show, in Chapter 2, that the hAPRIL.01A (hA.01A) antibody could fully block APRIL binding to its 
receptors and prevent APRIL signals both in murine and human malignant cell species. Moreover, 
we provide evidence that the antagonistic antibody hA.01A also works in vivo as it could fully prevent 
APRIL-mediated immune responses and CLL-like tumor progression. This indicates that all the 
soluble human APRIL-mediated effects can be blocked by our antagonistic antibody. Nevertheless, 
some points remain to be addressed. 
As we made use of model systems that depended on exogenous delivery or expression of soluble 
recombinant human APRIL, it is not completely certain that this would mimic the normal situation. 
Although our mouse model does reflect the elevated systemic APRIL levels found in human CLL 
patients, it remains to be elucidated whether these antagonistic antibodies can interfere with the 
survival loop generated by production of endogenous human APRIL.
Studying the inhibition efficacy of endogenously produced APRIL can be feasible using at least two 
in vitro cancer settings previously reported. The first is based on the co-culture of human derived 
Nurse-Like Cells (NLC, shown to be the highest APRIL-expressing cells in CLL) next to primary 
human CLL cells. This experimental set-up was indeed validated in a previous study were an APRIL/
BAFF decoy receptor (BCMA-Fc) was used as inhibitory molecule1.
Alternatively, human PBMC-derived Osteoclasts (OCs), shown to be the main source of APRIL in 
Multiple Myeloma, can be co-cultured with primary Multiple Myeloma cells as previously shown2;3. 
Although our data strongly suggest that our antibodies inhibit recombinant human APRIL, formal 
proof using an endogenous APRIL-mediated read-out is still required.
Another potentially important aspect to be evaluated is the ability of our anti-APRIL inhibitory 
antibodies to block the different APRIL isoforms predicted to be expressed4. Analysis of their predicted 
amino-acid structure indicates that both antibodies will still be able to bind all the different APRIL 
isoforms. Even though poorly characterised, a recent publication using the macrophage-derived THP-1 
cell line, showed that a membrane-expressed APRIL (APRIL-δ or un-cleaved full length form) can 
deliver reverse-signals upon TACI-Fc binding5;6. It remains to be assessed whether the anti-APRIL 
antibodies inhibit or stimulate this poorly understood system.
Importantly, membrane-bound APRIL can be potentially expressed as TWE-PRIL, a protein created 
by the intergenic fusion of TWEAK (N-term.) and APRIL (C-term.) described in Chapter 1. As 
TWE-PRIL contains the full extracellular region of APRIL, both antibodies should retain their binding 
to this hybrid protein. However, the biological significance of TWE-PRIL is still undefined making 
analysis into the effect of antagonistic antibodies difficult. 
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Another form of APRIL consists of APRIL/BAFF heterotrimers (H/Ts), found to be aberrantly 
expressed in autoimmunity. A recent study showed that the biological activity of these H/Ts can 
be blocked by both TACI-Fc and BCMA-Fc in vitro7. Whether hA.01A or hA.03A can still block 
binding of APRIL/BAFF heterotrimers has to be evaluated. Also here, the physiological relevance 
of such H/Ts is unclear.
Addressing these issues will validate the potential of our therapeutic tools even further. At this point 
we can conclude that the antagonistic effect of the two antibodies towards recombinant soluble human 
APRIL holds up both in vitro and in vivo. 
Beside specific APRIL inhibition as described in this thesis, different inhibitors that block 1) both 
APRIL and BAFF or 2) BAFF alone, have been generated and are currently in clinical development.
TACI-Ig (better known as Atacicept, ZymoGenetics and Merk-Serono) inhibits both APRIL and 
BAFF and has been used in clinical trials for Systemic Lupus Erythematosus (SLE), Rheumatoid 
Arthritis (RA), Chronic Lymphocytic Leukemia (CLL) and Multiple Myeloma (MM)8. Although 
this is a promising approach, unfortunately combined APRIL and BAFF inhibition via Atacicept has 
revealed important side-effects in humans. In Fluodarabine refractory CLL patients, dose escalation 
of Atacicept was stopped at 27 mg/ml where almost all patients presented adverse events classified as 
blood and lymphatic system disorders associated with infections9. Similarly, in patients with Lupus 
Nephritis (LN), a symptom of SLE, the Atacicept trial was prematurely terminated due to a rapid loss 
of IgG levels and occurrence of serious infections10. 
Conversely, in a phase II study in patients with RA, which were considered inadequate for treatment 
with Methotrexate, Atacicept side-effects were not manifested11, indicating that the biology of the 
disease can result in different side-effects. It is not difficult to envision why infections may become 
evident in Atacicept-treated patients since they display strongly diminished B cell numbers mainly 
due to BAFF inhibition. At present is not clear why these side-effects do not appear in RA patients. 
Nevertheless, simultaneous APRIL/BAFF inhibition via Atacicept generates dangerous side effects 
in humans and poses a significant complication for future development. 
BAFF specific inhibition with antibodies has been more successful in humans. The BAFF specific 
antagonistic antibody Benlysta (also known as Belimumab, Human Genome Science and GlaxoSmithKline) 
was recently approved by the US Federal Drug Agency and by the European Medicines Agency for 
treatment of SLE patients12. BAFF inhibition was well tolerated and met its primary end points in Phase 
II and III clinical trial where SLE patients with higher disease activity were included13. Different from 
Atacicept, the robust reduction of serum IgG levels did not correlate with infections13.
Potent B cell depletion has been shown to occur in mice after treatment with both BR-3-Fc (a BAFF 
specific decoy Fc-protein) and TACI-Fc14 (see chapter 2). B cell depletion is specifically caused via a 
diminished BAFF binding to BR-3, which is confirmed by both BAFF and BR-3 knock-out models 
(Chapter 1). Conversely, APRIL inhibition in vivo seems to have no effect on B cell maturation but 
only on antibody production15;15;16. One tentative conclusion could therefore be that depletion of both 
APRIL and BAFF is not well tolerated in humans. 
Specific APRIL inhibition remains to be evaluated in the clinic. Recently, a distinct anti-human APRIL 
antagonistic antibody was developed by Human Genome Science (HGS). In the work of Jagessar S.A. 
et al, this APRIL blocker was used in a model for autoimmune encephalomyelitis (EAE) in Marmoset 
Monkeys17. Even though the anti-APRIL antibody affinity for marmoset APRIL was shown to be 8 
times lower, it significantly delayed the EAE onset and progression without the same B cell depletion 
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effect as produced by concomitant Belimumab treatment. Similarly, anti-murine APRIL antibodies 
delayed SLE in mice18, suggesting that APRIL antagonism may be useful for the treatment of auto-
immunity. However, in contrast to these findings is the observation that APRIL-Tg mice or injection 
of APRIL, rather result in a decreased autoimmune response in Collagen-induced Arthritis models19, 
indicating that the role of APRIL in autoimmunity can be remarkably diverse. 
Chapter 1 contains an overview of APRIL in B cell lymphomas. In these non-solid malignancies (such 
as Chronic Lymphocytic Leukemia, Non-Hodgkin and Hodgkin Lymphoma and Multiple Myeloma), 
APRIL specific inhibition can be particularly beneficial as the malignant cells would preferentially 
respond to this ligand. The fact that this cytokine does not influence normal B cell maturation, suggests 
that APRIL inhibition might be combined with the standard-of-care therapy without dangerously 
enhancing B cell depletion as observed for BAFF inhibitors.
 In the case of CLL at least two good reasons may warrant specific APRIL inhibition. The first is that the 
expression of APRIL and its receptors, mainly TACI, is evidently up-regulated in malignant compared 
to normal B cells. Secondly, serum APRIL levels, and not BAFF, are significantly up-regulated in 
CLL patients and associated with disease severity and survival time, indicating that APRIL supports 
CLL. As it is a secreted factor, this setting is considered, in our view, to be ideal for our anti-APRIL 
inhibition strategy.
Finally, the possibility to inhibit the APRIL/BAFF system separately might result in a useful therapy 
strategy in the future, where inhibition of both ligands can be performed intermittently. This could 
circumvent a potential dangerous deletion of both ligands at the same time.

2. Epitope Mapping of hAPRIL.01A and hAPRIL.03A
In chapter 3, we determined the specificity of the two anti-APRIL antibodies in more depth. hA.03A, even 
though fully inhibiting the APRIL binding to TACI, was considerably less efficient in antagonising the 
APRIL-BCMA interaction as compared to hA.01A. Epitope mapping data based on CLIPS technology20, 
revealed two different conformational epitopes for hA.01A and hA.03A on APRIL. In our hands, this 
technique was very accurate as the result could be clearly validated using APRIL mutant forms containing 
single mutations either in the predicted hA.01A or hA.03A epitope (Chapter 3, Figure 1).
Interestingly, the hA.03A epitope mapped on a region of APRIL that was not involved for binding 
of APRIL to BCMA and previously was not identified as important for TACI binding21. However, 
binding of TACI was determined using a CRD2-only version and our current structural mapping 
analysis suggests that the CRD1 region would interact with the domain that is recognized by hA.03A 
(Chapter 3, Figure 2). In agreement with this model is the observation that hA.03A was unable to 
block APRIL binding to short-TACI, a naturally occurring CDR1-less TACI splice variant, for which 
we currently do not know the function. Intriguingly, the distinct inhibition profiles of hA.03A and 
hA.01A are reflected also in a physiological setting where APRIL complexed to hA.03A produced a 
biological response similar to the one produced by BCMA-specific APRIL variant (R206E, Chapter 4 
and Schematic in Figure 1). 
The therapeutic applicability of an antagonistic antibody that preferentially inhibits APRIL interaction 
with TACI remains speculative. It is unclear at this point whether blocking TACI and leaving BCMA 
signalling through APRIL unaffected is useful for therapy and/or for physiological signals. A possible 
scenario where hA.03A could be of use is CLL, which both in human and murine specifically over-
expresses TACI, and on a lesser extent BCMA. Whether this selective receptor-dependency is sustained 
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during treatment or instead might generate an escape mechanism through BCMA signalling and 
cause undesired side-effects, remains to be established.
In preclinical research, hA.03A can be a valuable tool to study APRIL-dependency through the distinct 
receptors. For instance, Plasmablasts and Plasma cell formation under different immunogenic challenges 
could be evaluated using either hA.01A or hA.03A. As this survival is shown to mainly rely on BCMA, 
it should be blocked by one but not the other antibody. Currently the dynamics of Plasmablasts/Plasma 
Cells generation is poorly understood and variable depending on the antigenic challenge used (Chapter 1). 

3. Receptor dependency
In chapter 4 we made use of the FoldX algorithm to generate an in silico mutagenesis in order to render 
the ligand APRIL selective for one of its receptors (TACI or BCMA). This approach was previously 
used to engineer specific TRAIL variants for either DR4 or DR5 22;23. We identified two amino acids 
(R206 and D132) that once mutated into –E (R206E) or –Y/-F (D132F or D132Y) could deliver a 
BCMA-specific or a TACI-selective APRIL form respectively.
Generation of the R206E APRIL mutant resulted to be particularly good since its protein production 
yield did not diminish and presented optimal characteristics: very low affinity for TACI paralleled by 
an affinity for BCMA similar to the WT ligand form.
Unfortunately, the D132 mutants were less easily produced compared to WT and their “TACI selectivity” 
relied on an increased affinity for TACI and partially reduced affinity for BCMA. The D132- mutants 
therefore did not present with the same specificity as the R206E but were mostly selective for TACI.
We found the APRIL variants very useful in dissecting APRIL biological effects. In B cell stimulation 
assays using R206E (BCMA specific) and D132 mutants (TACI selective), we showed that induction 
of proliferation was totally dependent on TACI while a fraction of the IgA antibody levels found in 
supernatants, derived from a tiny B cell population that could be stimulated via BCMA selective 
binding. Importantly, the BCMA dependency revealed by the R206E mutant could be reproduced via 
APRIL-WT complexed to hA.03A, thus confirming the different inhibition ability of this antibody 
(TACI-selective inhibitor) and the BCMA mediated effect to be true (Schematic, Figure 1). We 
hypothesize that the BCMA-specific ligand probably stimulates a minor, pre-existing antibody-
producing population, as depleting CD43 expressing B cells, IgA induction was lost (data not shown).
Our results showing TACI to be the only mediator of in vitro B cell proliferation are similar to 
the work of Bossen C. et al. in which murine B cells derived from receptor KOs mice were used 24. 
Proliferation of isolated murine B cells could, indeed, only be triggered in TACI proficient cells and 
was independent of BCMA. However, screening Ig production gave different results as TACI KO 
cells (supposedly still expressing BCMA) did not present the IgA induction we observed using our 
BCMA-specific APRIL (R206E, Chapter 4, Figure 5).
These discrepancies can be explained since usage of APRIL receptor variants may provide a different level 
of investigation. Selectively triggering one receptor could definitely increase knowledge on knock-out 
models where receptors are completely eliminated and potentially generate developmental issues. 
Temporal receptor inhibition, via RNAi, could also generate diverse outcomes since recruitment of the 
internal receptors adaptors (TRAF proteins, Chapter 1), after receptor activation, might be skewed. 
APRIL variants can be also used in vivo and in a cancer setting. Engineering transgenic  animals 
expressing these APRIL forms, for instance, would deepen knowledge on which receptor is involved 
in the development of CLL-like disease, the dominant characteristic of aged APRIL-Tg animals. 
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The ability of APRIL to stimulate malignant cells in vitro (for example CLL or MM cells), expressing different 
levels of TACI and BCMA leaves open discussions on receptor dependency and differential receptor 
activated pathways. The usage of APRIL selective variants would be ideal to address TACI or BCMA-
dependent APRIL stimulation and signalling also in a malignant setting (discussed in the next paragraph).

Figure 1. The hA.01A antibody fully inhibits APRIL binding to both TACI and BCMA. APRIL complexed 
to hA.03A or the BCMA specific APRIL mutant (R206E) can solely bind BCMA. Using B220+ sorted murine 
splenocytes, specific BCMA triggering (Chapter 3 and 4) did not produce cell proliferation but only a modest 
production of IgA. Similarly, TCL-1 derived CLL cells did not increase their proliferation when stimulated 
with the R206E form of APRIL (Chapter 5).
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4. The TCL1-APRIL-Tg mouse model
As introduced in Chapter 1, human Chronic Lymphocytic Leukemia (CLL) patients are associated 
with elevated systemic APRIL levels as compared to healthy control and APRIL serum levels correlated 
to prognosis25-27. Accordingly, human malignant CLL clones express APRIL receptors (TACI and to a 
lesser extend BCMA) and increase in viability when stimulated in vitro with exogenous APRIL. Even 
though APRIL and CLL is a well-established dichotomy, a role for APRIL in the malignant clonal 
dynamics and receptor usage in CLL have not been explored.
Chapter 5 of this Thesis focuses on the role of APRIL in the pathogenesis of the CLL-like disease 
developed in the TCL1-Tg mouse model. The TCL1-Tg mouse is considered the closest in vivo 
mouse model for human CLL as it drives the age-related formation of CLL-like cells reminiscent of 
the human situation, being CD19+, B220low while bearing expression of CD528;29. 
We found a further similarity relying on the expression of APRIL/BAFF receptors: TACI, BCMA 
and BR-3. TACI was clearly expressed as compared to BCMA, that was only modestly detected and 
in only a minority of the mice, while BR-3 was shown to be highly expressed compared to the other 
two. This situation fits our and others previous publications using human CLL cells (Chapter 2). 
According to their receptor expression, TCL1-Tg-derived CLL cells responded to APRIL both in vitro 
(Figure 1C, Chapter 5) and in vivo (Figure 2, Chapter 5), which allowed us to reveal two important 
new findings. The first derived from our in vitro study where we found TACI, and not BCMA, to be 
responsible for APRIL-induced survival. In fact, in vitro stimulation using an APRIL mutant able to 
specifically bind BCMA (APRIL-R206E, Chapter 4), did not produce any survival effect.
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The second notion derived from our in vivo study on TCL1-APRIL double transgenic mice. Here 
we found APRIL to accelerate in vivo CLL formation via a mechanism suggested to be independent 
of clonal selection. Using BCR sequence analysis we describe TCL1-Tg mice to initially develop an 
MBL-like status (Monoclonal B cell Lymphocytosis), which only later on progresses towards highly 
restricted monoclonality. Surprisingly, also the double-Tg animals presented with the similar initial 
MBL-like status and progressed to monoclonality at the same age as the TCL1 mice. However, due to 
a selective survival advantage these double-Tg mice had strongly enhanced percentages of CLL cells 
already at 4 months of age and died sooner due to the drastic leukemic load (Chapter 5, Figure 4). 
Taken these results together we can envision a system for APRIL in CLL, where the malignant 
outgrowth, rather than progression toward monoclonality, is enhanced specifically via its receptor 
TACI. Blocking this survival would potentially be a useful approach to make CLL more susceptible 
to either intrinsic apoptotic cues or to therapy. 
To deepen our findings that depended on exogenous APRIL expression, it would be of interest to 
assess endogenous murine-APRIL expression throughout the TCL1 driven disease progression. TACI 
up-regulation might indeed be linked to increased endogenous APRIL levels in order to generate an 
aberrant survival loop. 
We think our findings point to the need for new studies to precisely asses APRIL/BAFF receptors 
expression/modulation in human CLL cells compared to their normal B cell counterparts. Clearly, 
studies involving human spleen or lymph nodes samples are practically hard to achieve, but important 
clues might also be retrieved by analysis of peripheral blood lymphocytes. APRIL/BAFF receptors 
screening might potentially identify a CLL cohort of patients with particularly high TACI expression. 
This could point out good responders to anti-APRIL treatment.

5. APRIL in colon cancer
Next to an important survival role in hematopoietic malignancies APRIL serves a role in solid 
cancers although this function remains poorly understood. Especially, the apparent absence of TACI 
and BCMA expression/engagement has been a challenge for our understanding of this stimulation 
(Chapter 1). In Chapter 6 of this thesis we evaluated the role of APRIL in two different in vivo murine 
models for colorectal cancer (CRC), one driven by the APCmin mutation, the other promoted by 
chemical induction of colitis-associated cancer (DSS/AOM model).
Even though these represent two entirely different models, in vivo systemic APRIL over-expression 
enhanced colorectal tumorigenesis in both cases, indicating this T-cell specific over-expressed cytokine 
to be sufficient in promoting CRC growth.  
In the APCmin-driven model we analysed whether APRIL over-expression would enhance tumor 
infiltrating lymphocytes or monocytes. Neutrophils and macrophages, contrary to T and B cells, were 
detected in the tumor area but there were no significant differences induced by APRIL. 
Alternatively, we proved that APRIL can, at least in part, act directly on the epithelial tumor cells 
as its knockdown resulted in diminished clonogenicity both in human and murine colon cell lines 
in vitro. Nevertheless, TACI and BCMA were undetectable in both cases, indicating a potential 
involvement for a third receptor. In agreement, APRIL deficient for HSPG binding did not enhance 
tumor clonogenicity pointing to the need to bind HSPG to elicit signals into the tumor cells. Whether 
this binding directly induces signals into the tumor cells (as previously suggested for the HSPG 
syndecan-4)30 or if it is simply positioning APRIL for interaction with another receptor, remains to be 
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determined. Clearly, further efforts to unravel the APRIL-mediated effects and receptor engagement 
in these solid cancer models is needed. 
A possible approach would rely on the usage of TACI and/or BCMA KO mice strains. Yet, the enhanced 
lymphoproliferative phenotype, observed in the TACI KO mouse, might skew the results and further 
increase the level of complexity. Alternatively, both mouse models can be treated with our anti-APRIL 
antibody (hA.01A) and this would address if the transgenic human APRIL over-expression act via a 
classical TNF receptor/ligand fashion.
Other clues might be obtained from in vitro culture of small intestinal biopsies as shown for humans31. 
Such human biopsies can be cultured for many weeks in vitro and cytokine profiling, together with 
the lymphocyte composition, can be evaluated between standard and APRIL enhanced lesions.
Knowledge should also be deepened on the different TACI and BCMA alternative expressed isoforms, 
possibly not detected with our current methods, and on the role of “tumor promoting-macrophages” 
(M2)32 whose activity could be enhanced by APRIL.
Combined it is clear that APRIL is capable of stimulating human solid malignancies. Different studies 
have confirmed the expression of APRIL in such tumors and in some cases suggested an association 
with disease progression33;34. Whether the in vivo APRIL effects depend on APRIL interaction directly 
with the tumor cells or are dependent on an indirect mechanism need further studies.

Conclusions
This work “Targeting the APRIL-Receptors Interactions” is based on the construction of two types 
of molecular tools, one able to inhibit APRIL as soluble active cytokine, the other able to selectively 
trigger one of the two TNF receptors for this ligand. 
The usage of anti-APRIL antibodies is a novel and promising therapeutic approach potentially 
suitable for all those systems where APRIL is aberrantly up-regulated and linked to disease. 
Importantly, based on the studies produced in this thesis, specific APRIL inhibition should be tested 
in the clinic for treatment of Chronic Lymphocytic Leukemia. In this malignancy, the clinically 
tested APRIL/BAFF non-specific inhibitor Atacicept, did not meet the safety requirements due to 
a potent and not tolerated B cell depletion.
In vivo APRIL inhibition using our anti-APRIL antibodies did not develop into a drastic immuno-
compromised phenotype. This was also the case in APRIL knock-out mice studies. We therefore 
propose that anti-APRIL treatment will preferentially act on the tumor niche and generate relatively 
minor side-effects.
The construction of Receptor-selective APRIL ligands resulted to be possible for APRIL, mainly 
towards BCMA specificity. We can conclude this to be a valid method that will help deciphering the 
receptor-dependent downstream signal events activated by APRIL both in physiology and cancer.
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