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ABSTRACT

A proliferation inducing ligand (APRIL) from the tumour necrosis family (TNF) promotes the
natural development of solid tumours in pre-clinical models. Here, we studied the role of
APRIL in patients with urothelial bladder, epithelial surface ovarian, and head and neck
squamous carcinomas. By using immunohistochemistry, we revealed an upregulation of
APRIL expression in lesions from a significant subset of patients compared to correspond-
ing healthy tissues. APRIL upregulation was not due to autocrine production by tumour
cells, but rather originated from infiltration of APRIL-producing neutrophils. Heparan sul-
phate proteoglycan (HSPG) efficiently concentrated secreted APRIL in lesions. Despite this
retention, in situ APRIL upregulation did not significantly alter disease-free and overall sur-
vivals of carcinoma patients in retrospective studies. This indicates that APRIL is not potent
enough to promote the development of solid tumour cells under the pressure of
chemotherapy.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

the transmembrane activator, calcium modulator and
cyclophilin ligand interactor (TACI, TNFRSF13) and the B-cell

A proliferation inducing ligand (APRIL, TNFSF13) from the tu-
mour necrosis family (TNF) was originally found in cell lines
and primary samples from various tumour lesions.! APRIL
mediates a survival/proliferation signal to lymphoma cells,
own to their expression of the APRIL-signalling receptors,

maturation antigen (BCMA, TNFRSF17).> This lymphoma-
promoting role was recently substantiated clinically with a
worst prognosis for patients harbouring high level of APRIL
expression in chronic lymphocytic leukaemia® and diffuse
large B-cell lymphoma.*
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APRIL has also been implicated in the promotion of solid
tumour development in in vitro and in vivo pre-clinical mod-
els.>”’ At first, this promoting role for APRIL on solid tumour
cells was not well understood, since TACI and BCMA expres-
sion is restricted to hematopoietic cells.® Recently, heparan
sulphate side chains of proteoglycans (HSPG) were identified
as APRIL-binding partners,®'® demonstrating the presence
of an APRIL receptor on solid tumour cells with multiple roles
in tumourigenesis.’ Here, we present the first retrospective
clinical study on the role of APRIL in carcinoma patients
receiving standard chemotherapy. We selected widely differ-
ent solid tumour types such as urothelial bladder, surface epi-
thelial ovarian and head and neck squamous cell carcinomas
to broaden our study.

2. Patients and methods

Patients, treatments and tumour characteristics are summa-
rised in Table 1S. Projects were all reviewed and approved
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by Local Ethics Committees. Patients with a first time diagno-
sis of carcinoma were included in the study. All tumours were
reviewed prior to analyses to confirm histological grade and
stage. We performed immunohistochemistry with a pair of
APRIL-specific antibodies, Stalk-1 and Aprily-2, on tumour
micro-arrays as previously described.* Aprily-2 immunoex-
pression was scored [0] when negative, [1] when focal, [2]
when spread and [3] when intense spread stainings were ob-
served. Immunostaining for Stalk-1 was scored as [0] for 0 -5,
[1] for 5-15, [2] for 15-25 and [3] for >25 positive cells per sec-
tions. A mean >1.5 of Aprily-2 and Stalk-1 samples stained in
triplicates was considered as APRILM&®. Overall survival (OS)
was measured from the date of biopsy until the date of death,
excluding co-morbidity. Disease-free survival (DFS) was de-
fined as the time between disease remission and the observed
recurrence of the disease. Disease remission was defined as
absence of disease at least one month after the last treatment
ended. Physical examination, serum testing and imaging
studies evaluated absence of disease. OS and DFS rates were

B Head and Neck

Fig. 1 - APRIL expression in carcinoma patients. Carcinoma lesions were stained with the Stalk-1 and Aprily-2 antibodies.
Relevant ovarian (A) and head and neck (B) lesions are shown. (C) An ovarian carcinoma with clusters of tumour cells stained
with Stalk-1. (D) Secreted APRIL (Aprily-2 staining) binds to syndecan-4 expressed by tumour cells in an ovarian carcinoma

patient. Original magnifications were 40x.
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calculated using the Kaplan-Meier method and compared
with a log-rank test. All analyses were performed with the
Prism software.

3. Results and discussion

We performed immunohistochemistry study for APRIL on tu-
mour micro-arrays from patients with bladder (n = 67), ovar-
ian (n=211) and head and neck (n=128) carcinomas with a
pair of APRIL-specific antibodies selectively identifying cells
producing APRIL (Stalk-1 reactivity) and secreted APRIL (Apri-
ly-2 reactivity).* We observed 52%, 51% and 53% of APRILM&"
lesions in bladder, ovary and head and neck carcinomas,
respectively, with the Stalk-1 antibody. With the Aprily-2 anti-
body, results were very similar with 50%, 52% and 55% of
APRILME" lesions in bladder, ovary and head and neck carci-
nomas, respectively. Fig. 1A and B shows a relevant example
of APRIL'®"/"¢& and APRILM#" lesions from ovarian and head
and neck carcinomas. We previously reported relevant stain-
ings for bladder carcinoma.'® Tumour-infiltrating neutrophils
(CD15" and elastase®) were the major source of APRIL in le-
sions, consistent with the previous reports in solid tumours*?
and lymphomas.* In addition, 30%, 13% and 36% of lesions
also contained tumour cells producing APRIL themselves in
bladder, ovarian and head and neck carcinomas, respectively.
APRIL production by these tumour cells was not homoge-
neous, but clustered (Fig. 1C), showing that carcinoma cells
do not produce APRIL constitutively. In some lesions, Aprily-
2 staining was very intense around carcinoma cells. Such con-
centration of secreted APRIL onto tumour cells was explained
by APRIL binding to tumour HSPG, as illustrated in Fig. 1D
with the colocalisation of secreted APRIL and the HSPG synd-
ecan-4 expressed by an ovarian carcinoma tumour.
Clinically, APRIL upregulation was not specific to any car-
cinoma grade or stage (data not shown). We also analysed
the 5-year DFS and OS by stratifying patients according to
in situ APRIL level of expression. We observed that level of

Bladder
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APRIL expression defined by Stalk-1 staining did not modu-
late DFS for bladder, ovarian and head and neck carcinomas
(Fig. 2A). We first used a cut-off that was proven efficient to
stratify diffuse large B-cell lymphoma patients (Ref. [4] and
manuscript in preparation). Variations in the cut-off, or low-
er or higher, did not allow us to better observe DFS modula-
tion. We also observed an absence of significant modulation
when OS was studied, as well as when we monitored APRIL
expression by Aprily-2 staining (data not shown). The tu-
mour-promoting role of APRIL was originally observed in
an experimental system with an autocrine production of
APRIL by tumour cells.® Hence, we compared tumours with
autocrine versus paracrine production (data not shown).
Autocrine production of APRIL by tumour cells with any
cut-off applied neither modulated DFS, when compared to
paracrine production (Fig. 2B) nor did it modulate DFS when
compared to low paracrine production of APRIL (data not
shown). We also observed an absence of modulation for
autocrine production of APRIL when analysing OS for these
carcinomas (data not shown).

In conclusion, it is now widely accepted that host inflam-
matory reactions constitute an important part of a tumour
development.'* We did not find in this carcinoma study any
significant correlation between expression level of the inflam-
matory APRIL and patient clinical outcome. Eventhough
APRIL upregulation in carcinoma patients was in the range
of the one observed in DLBCL, a lymphoma with a clinical
development modulated by APRIL.* Taken together, this indi-
cates that the proliferative/survival effects previously re-
ported on solid tumours in pre-clinical assays, likely
mediated by the signalling property of HSPG,* may not be
strong enough to promote the development of solid tumours
when they face chemotherapy in treated patients.
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Fig. 2 - APRIL upregulation in carcinoma lesions does not modulate the clinical outcome of patients under treatment. Tumour
lesions were stained with Stalk-1 to monitor APRIL level of expression. (A) DFS rates were calculated after patient
stratification according to in situ APRIL level of expression. (B) DFS rates were compared between autocrine and paracrine

level of APRIL expression.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at doi:10.1016/j.ejca.2008.07.007.
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