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Improved therapies are urgently needed for patients with diffuse large B cell lymphoma (DLBCL). Success using immune checkpoint
inhibitors and chimeric antigen receptor T cell technology has fuelled demand for validated cancer epitopes. Immunogenic cancer
testis antigens (CTAs), with their widespread expression in many tumours but highly restricted normal tissue distribution, represent
attractive immunotherapeutic targets that may improve treatment options for DLBCL and other malignancies. Sperm protein 17
(Sp17), a CTA reported to be immunogenic in ovarian cancer and myeloma patients, is expressed in DLBCL. The aim of the present
study was to investigate Sp17 epitope presentation via the presence of a cytotoxic T cell (CTL) and a CD4 T-helper (Th) response
in DLBCL patients. A significant 𝛾-interferon CTL response was detected in peripheral blood mononuclear cells of 13/31 DLBCL
patients following short-term cell stimulation with two novel HLA-A∗ 0201 peptides and one previously reported HLA-A∗ 0101restricted nine-mer Sp17 peptide. No significant responses were detected in the HLA-A∗ 0201-negative DLBCL patients or four
healthy subjects. A novel immunogenic 20-mer CD4 Th Sp17 peptide was detected in 8/17 DLBCL patients. This is the first report
of a CTL and a CD4 Th response to Sp17 in DLBCL and supports Sp17 as a potential immunotherapeutic target for DLBCL.

1. Introduction
DLBCL is the most common form of mature B cell lymphoma
and is heterogeneous with respect to morphology, clinical
features, and immunophenotype [1]. A significant proportion
of patients with DLBCL fail to achieve long-term remission despite advances in the definition of clinically relevant
subtypes and treatment [2]. The development of improved
immunotherapeutic options for the treatment of DLBCL thus
remains urgent. The recent breakthroughs using immune
checkpoint inhibitors and chimeric antigen receptor (CAR)
T cell technology have opened up new avenues for achieving
these objectives [3, 4]. However, the identification of relevant
antigenic targets, particularly those presented on the cell
surface of primary tumours and not just cancer cell lines,
remains a priority.

Tumour-associated antigens (TAAs), recognized by the
immune system of the patient, have been studied extensively
in haematological malignancies. Evidence in support of their
potential therapeutic benefit has been provided by autologous
bone marrow transplantation and donor lymphocyte infusion studies, demonstrating that donor cells can recognize
and respond to TAAs in a variety of malignancies, such as
multiple myeloma and myeloid leukaemia [5, 6]. TAAs that
are of current particular interest for improving treatment
regimens are the family of cancer testis antigens (CTAs).
Previous studies have reported expression of various CTAs
in haematological malignancies, such as lymphomas [7, 8]
and myeloid malignancies [9, 10], and in multiple myeloma
[11–15]. These immunogenic molecules are highly tumourspecific and frequently expressed in various types of cancer,
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properties which make them promising candidate targets
for cancer immunotherapy, including cancer vaccination and
adoptive T cell transfer with chimeric T cell receptors [16–18].
One of the CTAs under intense investigation is the Sp17
protein. Its restricted expression in testis and its reported
expression and immunogenicity in ovarian cancer [19–21],
non-small cell lung cancer [22], and myeloma [23–25]
patients make it an attractive candidate immunotherapeutic
target in these malignancies. Moreover, Sp17 was found to
be present on the surface of malignant lymphoid cells,
including B- and T-lymphoid cell lines, and on the surface of
primary cells isolated from two patients having B-lymphoid
tumours [26]. We have also previously reported Sp17 protein
expression in both primary DLBCL and DLBCL cell lines
[27]. It has been suggested that Sp17 is an “oncofetal antigen”
since it is expressed in embryonic as well as adult neoplastic
cells, but not in normal tissues, and has been associated with
the motility and migratory capacity of tumour cells [28].
As demonstrated with other CTAs, this functional role in
tumour biology makes Sp17 a good immunotherapeutic target as it is unlikely to lose expression under therapeutic selection pressure. The current study was performed to explore
the immunogenicity of the Sp17 protein and its expression
in DLBCL patients.

2. Materials and Methods
2.1. Subjects and Samples. Peripheral blood was obtained
from 31 patients with B cell lymphoma attending the Haematology Departments of the John Radcliffe Hospital, Oxford
(𝑛 = 25), and Milton Keynes General Hospital (𝑛 = 6).
The patient cohort (previously described in earlier studies
on the PASD1 CTA [29, 30]) consisted of 22 patients with
de novo DLBCL (two with relapsed DLBCL), seven patients
with transformed DLBCL, and two patients with T cell rich
B cell lymphoma. The patients presented with differing stages
of disease and their clinical details and treatment protocols
are summarized in Supplementary Table 1 in Supplementary Material available online at https://doi.org/10.1155/2017/
6527306. Normal testis and tonsil tissues were obtained from
the Department of Pathology, John Radcliffe Hospital, and
used as positive and negative controls, respectively. Peripheral
blood samples were also obtained from four healthy subjects.
HLA typing was done by polymerase chain reaction (PCR)
as previously described [31]. Ethical approval and written
consent were obtained from the Oxfordshire Research Ethics
Committee B (C02.356) for all blood samples collected and
tissue sections used in the immunolabelling studies.
2.2. Peptides. CTL peptides: Two 9-amino-acid peptides, predicted with high binding affinity to the major histocompatibility complex (MHC) class I HLA-A∗ 0201 allele, were identified using the web-based SYPETHI (http://www.syfpeithi.de)
and the HLA peptide prediction site of the Bioinformatics
and Molecular Analysis Section (BIMAS, National Institutes of Health, Bethesda, USA) programmes. The peptides identified were as follows: Sp17(1)43–52 (SLLEKREKT);
Sp17(2)19–27 (LLEGLTREI). Sp17(3)102–110 (ILDSSEEDK)
previously identified as immunogenic in an HLA-A1 healthy
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donor [24] was also investigated. A control irrelevant peptide
from the HIV-1 reverse transcriptase (ILKEPVHGV) that
binds to HLA-A∗ 0201 was used in the CD8 T cell ELISPOT
assays (Invitrogen, Paisley, UK). The Sp17 peptides were
synthesized by standard chemistry on a multiple peptide
synthesizer (Proimmune, Oxford, UK) and were >90% pure.
Lyophilized peptides were dissolved in dimethyl sulfoxide
and stored at −20∘ C.
CD4 T-Helper (Th) Peptides. The TEPITOPE prediction
algorithm and SYPETHI (http://www.syfpeithi.de) programs were used to select three 20-mer Sp17 peptides
predicted to be immunogenic in the context of HLADRB1 ∗ 0101, ∗ 0301, ∗ 0401, ∗ 0701, ∗ 1101, and ∗ 1501
(the most prevalent alleles among the Caucasian population) [31]. The peptides identified were as follows:
Sp17(4)9–28 (YRIPQGFGNLLEGLTREILR); Sp17(5)67–86
(FYNNHAFEEQEPPEKSDPKQ);
and
Sp17(6)118–139
(VKIQAAFRGHIAREEAKKMK). The irrelevant control
peptide was HIV-1121–140 (DESFRKYTAFTIPSMNNETP)
(Invitrogen, Paisley, UK).
2.3. Antibodies. The anti-Sp17 monoclonal antibody was a
kind gift from S. H. Lim (Texas). Antibodies to BCL6 (PGB6p), CD10 (56C6), CD4 (T4-10, IgG1 isotype), and CD20
(DAKO-L26, IgG2a isotype) were purchased from DakoCytomation (Ely, Cambridgeshire, UK) while anti-CD8 (X-107,
IgG1 isotype, used undiluted) was prepared in the authors’
laboratory. Anti-MUM1 was a kind gift from Professor B.
Fallini (Perugia, Italy). The anti-HLA-A∗ 0201 (BB7.2) used
in the CD8 T cell blocking experiments was purchased
from BD BioSciences (Oxford, UK). Major histocompatibility
complex (MHC) class II expression was studied using the
monoclonal anti-HLA-DP, DQ, and DR antibody (CR3/43)
(DakoCytomation, Glostrup, Denmark). Unless stated, all
antibodies were used at dilutions recommended by the manufacturers. Rabbit anti-CD3 (DAKO-CD3, diluted 1 : 100)
and the Envision-horseradish peroxidase (HRP) labelling
system were obtained from DakoCytomation. The MACH
3 HRP-polymer detection kit was purchased from Biocare Medical (Wokingham, Berkshire, UK). Goat anti-rabbit
immunoglobulin (Ig) and anti-mouse Ig-isotype specific
antibodies conjugated to either fluorescein isothiocyanate
(FITC) or Texas Red (diluted 1 : 100) were obtained from
Invitrogen Ltd. (Paisley, UK).
2.4. Immunolabelling. Paraffin-embedded tissue sections
were dewaxed and heat-induced antigen retrieval was
performed using 50 mM Tris: 2 mM EDTA at pH 9.0.
Immunolabelling for anti-MHC-class II was carried out
using the Envision-HRP labelling kit (DAKO, Ely, UK).
The method of staining for Sp17 protein expression and the
subtyping of the DLBCL cases (germinal or nongerminal
center subtypes [32]) was performed as previously described
[27].
2.5. Preparation and Culture of PBMCs. Peripheral blood
mononuclear cells (PBMCs) were prepared in RPMI 1640
medium containing 10% fetal calf serum (FCS) (RPMI
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1640/FCS, Invitrogen Ltd.) as described previously [33].
PBMCs (0.5 × 105 ) in 200 𝜇l of RPMI 1640/FCS were added
to each well of a 96-well round-bottomed plate and incubated
for 8–10 days with 10 𝜇mol of one of the following: Sp17(1),
Sp17(2), Sp17(3), Sp17(4), Sp17(5), Sp17(6), or the control
HIV peptides, 10 𝜇g/ml phytohaemagglutinin (PHA; SigmaAldrich Co. Ltd., Dorset, UK), or tissue culture media only.
Recombinant interleukin-2 (rIL-2: 20 iu/ml; Roche Diagnostics, Indianapolis, IN, USA) and rIL-7 (25 ng/ml; R&D
Systems, Minneapolis, MN, USA) were added on days 2, 5,
and 7.
2.6. Enzyme-Linked Immunospot Assay (ELISPOT). After
8–10 days of culture, the cells were washed and incubated for
18 h with RPMI 1640/FCS at 37∘ C in 5% CO2 with one of the
Sp17 peptides, HIV control peptide, PHA, or medium only.
Peptides were used at 10 𝜇mol and all cultures were carried
out in triplicate. Gamma-interferon (𝛾-IFN) release assays
were performed according to manufacturer’s instructions
(Mabtech, Stockholm, Sweden). Spots were counted using an
automated ELISPOT reader (Autoimmun-Diagnostika,
Strasberg, Germany). Results were considered positive if the
number of spots in the test wells was at least twice those
present in the control cultures (media only or containing the
irrelevant HIV-1 peptide) and assays were excluded if there
were more than 25 spots per well in the absence of peptides.
All tests were performed in triplicate.
2.7. Generation of CD8 T Cell Lines, Depletion, and Blocking
Experiments. PBMCs cultured at a density of 2 × 106 cells/ml
were cultured in RPMI 1640/FCS containing 10 𝜇mol of the
appropriate Sp17 peptides. After 72 h, an equal volume of
RPMI 1640/FCS containing 50 IU of rIL-2 per ml was added.
Half of the medium was removed and replaced with fresh
medium every 3 d. The cells were restimulated weekly for 6
weeks with the Sp17 peptides before being used in an
ELISPOT assay. In some experiments, CD8-positive T cells
were enriched from the CTL lines using magnetic beads
coated with anti-human CD8 antibody according to the manufacturer’s instructions (Dynabeads, Dynal, Oslo, Norway)
before assay. In other experiments, the anti-HLA-A∗ 0201
antibody (BB7.2) was added at a concentration of 10 𝜇g/ml to
block 𝛾-IFN release.
2.8. Statistical Analysis. Student’s 𝑡-test was used to analyse
the results obtained in the ELISPOT assays and the immune
response while Fisher’s exact test was used to analyse the
presence of a CTL response with Sp17 protein expression in
patients who were HLA-A∗ 0201 or HLA-A∗ 0101 positive. 𝑃
values < 0.05 were considered significant.

3. Results
3.1. Sp17 Protein Expression in DLBCL Patient Biopsies. Routinely fixed tissue sections from diagnostic biopsies were
available for 20 of the 31 DLBCL patients to investigate
Sp17 protein expression by immunohistochemistry (IHC).
Clinicopathological characteristics of the DLBCL patients
including their cell-of-origin classification, results of the
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Sp17 immunolabelling of tumour biopsies, and MHC class
I and II expression are summarized in Tables 1 and 2 and
Supplementary Table 1. Labelling with the Sp17 antibody was
detected in the tumour cells derived from nine patients. Both
nuclear and cytoplasmic labelling of Sp17 were observed in
five cases, while scattered nuclear labelling was observed in
the remaining four cases. Sp17 protein was not detected in the
remaining 11 patients. In normal testis sections, the anti-Sp17
antibody detected weak staining of protein in the cytoplasm
of the spermatogonia and in the cytoplasm and nuclei of
the primary spermatocytes and the spermatozoa (strong
staining). Sp17 protein expression was absent in normal
tonsil. These data are consistent with those illustrated in our
initial pilot study of Sp17 expression in DLBCL [27].
3.2. CD8 T Cell Responses to Sp17. The results of the 𝛾-IFN
response ELISPOT assay are summarized in Table 1. Significant 𝛾-IFN responses to Sp17 were observed in 14/31 DLBCL
patients after short-term culture with the Sp17 peptides compared to those results obtained from the control cultures (cells
stimulated with the irrelevant HIV peptide or medium only,
𝑃 < 0.05) and eight patients showed a response to more than
one peptide. The Sp17 𝛾-IFN responses correlated with Sp17
protein expression in eight patients expressing Sp17 (0.0497,
𝑃 < 0.05). With the exception of patients (9 and 39) who had
a response to Sp17(1) peptide, no significant 𝛾-IFN responses
were detected in the eight patients with tumours where Sp17
protein was not detected. This suggests that the responses are
antigen-driven. Two of the five HLA-A∗ 0101-positive patients
(7 and 39) responded to the Sp17(3) peptide, previously
identified as immunogenic in an HLA-A1 healthy donor
[24]. Conversely, none of the HLA-A∗ 0201-positive patients
responded to the Sp17(3) peptide, possibly reflecting the
HLA-restricted nature of the responses. Frequencies of Sp17responding T cells varied between patients, ranging from
1 : 600 (0.2%) PBMCs in patient 8 to 1 : 2000 (0.05%) in patient
39. Sp17(1) was identified as the most immunogenic peptide
since it induced significant responses in the majority of the
responding patients (13/15). No significant responses to any
of the Sp17 peptides were detected in the four healthy donors
examined.
3.3. CD4 T Cell Responses to Sp17. CD4 Th responses were
examined in PBMCs of 17 DLBCL patients, eight of which
displayed Sp17 protein expression. A significant response to
Sp17(4) was observed in 8/17 patients (Table 2). None of the
patients displayed a significant response to either Sp17(5)
or Sp17(6). Patients 8 and 12 displayed the highest CD4 Th
responses. It is noteworthy that some of the patients who
responded most vigorously to either of the CTL peptides
Sp17(1) and Sp17(2) (Table 1) also displayed the highest
responses to the Sp17(4) peptide (patients 1, 8, and 12 in
Table 2). Seven patients with a CD4 Th response also exhibited a CTL response to Sp17.
3.4. Persistence and Specificity of the 𝛾-IFN Response to
Sp17. The CD8 T cell responses to Sp17(1) and Sp17(2)
were investigated in samples from two HLA-A∗ 0201-positive
patients (1 and 2), who were both in remission one year

Diagnosis
Cytoplasm and <10% nuclei
Scattered nuclei
—
<10% nuclei
ND
—
Weak cytoplasm and < 5% nuclei
ND
Weak cytoplasm and <5% nuclei
<10% nuclei
Cytoplasm + scattered < 5% nuclei
ND
<5% nuclei
—
—
—
—
ND
ND
—
ND
—
ND
Cytoplasm + scattered < 5% nuclei
ND
ND
—
ND
—
—
ND
ND
ND
ND
ND

A∗ 0201+
A∗ 0201+
A∗ 0201+
A∗ 0101+
A∗ 0201+
A∗ 0201+
A∗ 0101+
A∗ 0201+
A∗ 0201+
A∗ 0101+
A∗ 0201+
A∗ 0201-negative, A∗ 0101-negative
A∗ 0201-negative, A∗ 0101-negative
A∗ 0201-negative, A∗ 0101-negative
A∗ 0201-negative, A∗ 0101-negative
A∗ 0201-negative, A∗ 0101-negative
A∗ 0201-negative, A∗ 0101-negative
A∗ 0201+
A∗ 0201+
A∗ 0201+
A∗ 0301+

Pattern of Sp17 staining

A∗ 0201+
A∗ 0201+
A∗ 0201+
A∗ 0101+
A∗ 0201+
A∗ 0201+
A∗ 0201+
A∗ 0201+
A∗ 0201+
A∗ 0201+
A∗ 0201+
A∗ 0201+
A∗ 0101+
A∗ 0201+

HLA status

16 ± 4
18 ± 2
32 ± 4
26 ± 10

28 ± 8
40 ± 6
10 ± 2
24 ± 4
36 ± 10
32 ± 8
16 ± 2
36 ± 6
16 ± 1
32 ± 1
26 ± 2
16 ± 4
18 ± 6
26 ± 4
24 ± 10
16 ± 4
24 ± 2

84 ± 12
58 ± 10
48 ± 4
16 ± 4
102 ± 16
86 ± 12
98 ± 14
66 ± 6
68 ± 12
56 ± 10
46 ± 4
86 ± 8
38 ± 4
28 ± 2

Sp17(1)

12 ± 4
20 ± 2
36 ± 4
28 ± 8

42 ± 6
38 ± 12
12 ± 4
26 ± 2
22 ± 4
24 ± 4
20 ± 6
32 ± 8
14 ± 2
28 ± 8
24 ± 4
14 ± 4
20 ± 4
22 ± 6
34 ± 14
24 ± 14
18 ± 4

46 ± 10
74 ± 14
34 ± 16
14 ± 2
24 ± 4
40 ± 8
76 ± 14
44 ± 8
54 ± 4
62 ± 14
14 ± 2
64 ± 14
24 ± 14
12 ± 2

16 ± 4
12 ± 4
24 ± 6
12 ± 2

28 ± 4
22 ± 4
20 ± 2
16 ± 2
20 ± 8
18 ± 8
28 ± 8
30 ± 8
22 ± 2
36 ± 8
32 ± 2
26 ± 4
12 ± 4
18 ± 6
20 ± 8
28 ± 8
22 ± 6

24 ± 6
30 ± 8
30 ± 8
48 ± 6
32 ± 8
38 ± 10
42 ± 6
26 ± 6
30 ± 8
22 ± 4
30 ± 8
40 ± 8
32 ± 4
22 ± 4

18 ± 4
8±4
16 ± 4
10 ± 4

16 ± 8
20 ± 4
12 ± 6
18 ± 2
18 ± 6
12 ± 6
10 ± 6
12 ± 6
16 ± 2
18 ± 4
20 ± 6
14 ± 2
10 ± 2
22 ± 4
22 ± 4
22 ± 6
14 ± 2

12 ± 2
18 ± 4
16 ± 4
12 ± 2
20 ± 4
12 ± 4
22 ± 2
12 ± 6
18 ± 4
20 ± 2
12 ± 0
20 ± 4
12 ± 2
10 ± 2

8±2
6±2
20 ± 2
16 ± 2

20 ± 4
16 ± 6
6±2
12 ± 6
22 ± 4
16 ± 4
6±2
20 ± 10
10 ± 4
16 ± 1
16 ± 10
10 ± 2
8±2
20 ± 2
16 ± 2
20 ± 2
10 ± 4

18 ± 4
20 ± 4
20 ± 4
10 ± 2
16 ± 4
20 ± 4
16 ± 4
14 ± 2
20 ± 2
18 ± 4
16 ± 2
10 ± 1
6±1
6±1

𝛾-IFN response to peptides per 50,000 cells
Sp17(2)
Sp17(3)
No peptide
HIV-1

68 ± 12
76 ± 10
112 ± 18
88 ± 14

88 ± 22
132 ± 18
148 ± 10
106 ± 18
112 ± 10
98 ± 12
86 ± 10
94 ± 16
114 ± 10
134 ± 16
114 ± 18
64 ± 12
66 ± 10
102 ± 16
>500
94 ± 16
144 ± 18

126 ± 28
94 ± 16
104 ± 18
124 ± 16
204 ± 24
128 ± 18
154 ± 16
84 ± 14
94 ± 16
86 ± 12
110 ± 12
88 ± 10
178 ± 8
108 ± 10

PHA

DLBCL(dn): de novo diffuse large B cell lymphoma; DLBCL(t): diffuse large B cell lymphoma transformed; TCR: T cell rich B cell lymphoma. The results +/− are from triplicate ELISPOT cultures. The SD was
calculated using standard techniques. Significant 𝛾-IFN responses are highlighted in bold. ND, not determined.

Significant response
1
DLBCL(dn)
2
DLBCL(dn)
5
DLBCL(dn)
7
DLBCL(dn)
8
DLBCL(dn)
9
DLBCL(dn)
12
DLBCL(dn)
14
DLBCL(dn)
18
DLBCL(dn)
19
DLBCL(t)
21
DLBCL(dn)
22
DLBCL(t)
37
DLBCL(dn)
39
T cell rich
No significant response
3
DLBCL(dn)
4
DLBCL(dn)
6
DLBCL(dn)
10
DLBCL(dn)
11
DLBCL(dn)
13
DLBCL(dn)
15
DLBCL(dn)
16
DLBCL(dn)
17
DLBCL(dn)
20
DLBCL(dn)
38
DLBCL(dn)
40
DLBCL(dn)
41
DLBCL(dn)
42
DLBCL(dn)
43
DLBCL(dn)
48
DLBCL(dn)
49
DLBCL(dn)
Healthy donors
1
2
3
4

Patients

Table 1: Summary of the CD8 T cell responses to the Sp17 peptides by DLBCL patients.
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Table 2: Summary of the CD4 T cell responses to the Sp17 peptides by DLBCL patients.
Patients

MHC class II status

Significant response
1
DRB1∗ 0102,∗ 1104
2
DRB1∗ 0101,∗ 0701
5
DRB1∗ 0301,∗ 0401
8
DRB1∗ 1501,∗ 0803
10
DRB1∗ 0101
12
DRB1∗ 0401,∗ 1401
14
DRB1∗ 1403,∗ 0401
18
DRB1∗ 0401,∗ 0401
No significant response
7
DRB1∗ 0301,∗ 0701
9
DRB1∗ 0301,∗ 1601
15
DRB1∗ 1301,∗ 1101
19
DRB1∗ 0401,∗ 0901
20
DRB1∗ 1104,∗ 1501
21
DRB1∗ 0301,∗ 1303
39
DRB1∗ 0701
43
DRB1∗ 0101,∗ 1101
48
DRB1∗ 0101,∗ 0405

Sp17(4)

𝛾-IFN response to peptides per 50,000 cells
Sp17(5)
Sp17(6)
No peptide
HIV-1

+
+
−
ND
ND
+
ND
+

42 ± 4
28 ± 2
26 ± 4
52 ± 4
36 ± 4
50 ± 2
38 ± 4
32 ± 6

16 ± 2
8±2
12 ± 2
12 ± 2
20 ± 2
22 ± 4
14 ± 2
18 ± 2

14 ± 4
18 ± 2
14 ± 2
14 ± 4
10 ± 4
28 ± 4
24 ± 6
16 ± 4

12 ± 2
10 ± 2
8±2
10 ± 2
8±2
16 ± 2
8±2
6±2

10 ± 4
6±1
4±0
6±2
4±2
12 ± 4
4±2
10 ± 2

92 ± 4
72 ± 12
108 ± 10
78 ± 14
86 ± 6
128 ± 16
78 ± 14
66 ± 12

+
−
ND
+
+
+
−
−
−

18 ± 6
16 ± 8
10 ± 2
14 ± 2
24 ± 4
10 ± 2
32 ± 4
24 ± 4
28 ± 4

22 ± 2
32 ± 4
12 ± 2
18 ± 2
26 ± 2
14 ± 2
26 ± 2
32 ± 2
10 ± 2

26 ± 4
20 ± 4
20 ± 4
6±1
14 ± 4
18 ± 2
14 ± 2
28 ± 2
18 ± 2

14 ± 2
18 ± 2
10 ± 2
12 ± 2
14 ± 2
9±2
16 ± 2
18 ± 4
18 ± 4

12 ± 2
14 ± 4
14 ± 2
8±2
12 ± 2
8±2
14 ± 2
20 ± 2
14 ± 2

58 ± 8
108 ± 10
58 ± 8
50 ± 8
72 ± 10
86 ± 6
112 ± 16
98 ± 12
98 ± 8

Sp17 protein

PHA

DLBCL(dn): de novo diffuse large B cell lymphoma; DLBCL(t): diffuse large B cell lymphoma transformed; TCR: T cell rich B cell lymphoma. The results +/− are
from triplicate ELISPOT cultures. The SD was calculated using standard techniques. Significant 𝛾-IFN responses are highlighted in bold. ND, not determined.

after initial diagnosis. A significant 𝛾-IFN response to both
Sp17 peptides was still detectable in the two patients after
one year (Figure 1(a)) suggesting the persistence of a pool of
circulating memory CD8-positive T cells to the Sp17 protein.
PBMCs from the HLA-A∗ 0201-positive patient 1 were
maintained in culture to permit further analysis of their
functional activity. PBMCs were restimulated weekly with
rIL-2 and with one of the following: Sp17(1), Sp17(2), or the
irrelevant HIV peptide. After 3 weeks, cells were tested for
their 𝛾-IFN secreting activity to the Sp17 and control peptides
in an overnight ELISPOT assay. T cells were found to expand
and respond specifically to both Sp17 peptides. After three
rounds of expansion, Sp17(1)- and Sp17(2)-specific CD8+
T cells increased almost three- and twofold, respectively,
compared to the nonexpanded population (Figure 1(b)). The
CD8-enriched T cell 𝛾-IFN response to the Sp17 peptides was
abrogated by the removal of CD8-positive T cells or by the
addition of the anti-HLA-A∗ 0201 monoclonal antibody BB7.2
(Figure 1(c)). These results confirm the CD8-positive, MHC
class I restricted nature of the response.
3.5. CTL and CD4 Th Responses to Both the Sp17 and PASD1
CTAs. Results of the Sp17 T cell responses reported here were
compared to those obtained for the PASD1 antigen in two
previous studies using cells from the same cohort of DLBCL
patients [29, 30]. Cells from ten patients were able to mount
CTL responses to both Sp17 and PASD1 CTAs (Supplementary Table 2). CD4 Th responses to both the PASD1 and Sp17
antigens were also detected in five of these patients.

4. Discussion
The Sp17 protein is a member of the CT-X group of CTAs,
those whose members localize to the X chromosome [34].
Its restricted distribution in normal tissue but expression in
myeloma [25] and in some solid tumours including ovarian
cancer [21] and small cell lung carcinoma [22] highlighted
Sp17 as a potential immunotherapeutic target in these diseases. We previously reported Sp17 to exhibit the broadest
mRNA and protein expression profile in a wide range of
haematological cell lines as well as protein expression in
primary tumour biopsies from DLBCL [27]. This was of
particular importance given previous reports of the paucity of
CTA expression in B cell lymphomas [35, 36]. The potential of
Sp17 as an immunotherapeutic target was further supported
by studies of immunogenic Sp17 CTL epitopes in ovarian
cancer [37–39] as well as in myeloma patients [24] and in
healthy donors [23]. More recently, Mirandola et al. showed
Sp17 to be aberrantly expressed in non-small cell lung cancer
patients and it was also immunogenic in these patients [22].
The rationale for the current study was to further validate the
Sp17 protein as a potential target in haematological malignancies by studying both its expression and presentation of
T cell epitopes. Here, we explored the immunogenicity of
Sp17 in a cohort of 31 DLBCL patients, T cell responses
being used to demonstrate the presentation of distinct
Sp17 epitopes. We have previously reported, in the same
cohort of patients, the presence of both CTL and CD4 Th
responses to another CTA, the PASD1 protein [29, 30], which
is also a member of the CT-X group.
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100
80
60
40
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0

Patient 1
Diagnosis

Patient 1
After one year

Patient 2
Diagnosis

Sp17(1)

HIV

Sp17(2)

Medium only

Patient 2
After one year

350

-IFN secreting cells/50,000 cells

-IFN secreting cells/50,000 cells

(a)

300
250
200
150
100
50
0

Patient 1
PBMCs

300
250
200
150
100

Patient 1
T cell-enriched

50
0

CD8+ cells

CD8+ cells
and BB7.2 antibody

CD8
depleted cells

Sp17(1)

HIV

Sp17(1)

HIV

Sp17(2)

Medium only

Sp17(2)

Medium only

(b)

(c)

Figure 1: 𝛾-IFN responses of patients 1 and 2 to Sp17 peptides. In (a) peripheral blood mononuclear cells (PBMCs) obtained from patients 1
and 2 at time of diagnosis after one year from start of treatment were maintained in short tern culture. A significant 𝛾-IFN response to peptides
Sp17(1) and Sp17(2) was observed in cells from both patients obtained at both time points (𝑃 < 0.05). No significant response was detected
in cultures stimulated by the HIV peptide or containing medium only. (b) PBMCs from patient 1 after three rounds of peptide stimulation
expanded in response to Sp17(1) and Sp17(2) peptides. (c) PBMCs from patient 1 were either enriched for CD8-positive cells using anti-CD8
antibody-coated magnetic beads or incubated with an anti-HLA-A∗ 0201 monoclonal antibody (BB7.2). A significant 𝛾-IFN response was
observed only in the culture containing the CD∗ -positive cells in the absence of anti-MHC class I (𝑃 < 0.05). No significant responses were
detected in the control cultures or the irrelevant peptides. The results are mean +/− SD and were obtained from triplicate ELISPOT cultures.

Cytotoxic T cells recognizing Sp17 peptides were detected
in 13/31 (41%) of HLA-A∗ 0201-positive DLBCL patients after
only short-term culture. The magnitude of the CD8 T cell
response to Sp17 varied between patients. These results compared favourably with those obtained for the MAGE-A(1–4),
LAGE-1, PASD-1, and NY-ESO-1 CTAs in haematological
malignancies [13, 29, 40] and for CEA, HER-2/neu, and
MAGE-A3 in breast cancer [41]. Our data provide the first
experimental validation that Sp17 epitopes are presented
and recognized by a T cell response in patients with B cell
lymphoma. Our demonstration of a 𝛾-IFN response to Sp17
peptides by PBMCs from responder patients after only shortterm culture also suggests that Sp17 peptide-specific CTL
precursors were present in these individuals. Spontaneous
immunity to CTAs, including MAGE-A3 and NY-ESO-1, has
also been reported in multiple myeloma [13, 40]. Although

outside the scope of the current study investigating epitope
presentation, Sp17 might also represent a potential vaccine
candidate in DLBCL. To address this possibility, future
studies to characterise the functional activity of these T cell
populations (e.g., their cytolytic potential) would be needed.
Correlations have been reported between antibody
responses to CTAs and prognosis in myeloma [40]. In the
present study, a 𝛾-IFN response to Sp17 peptides was detected
in seven patients with good prognosis GCB-derived DLBCL
in addition to the eight patients with poor-prognosis DLBCL
(five patients with NGC-derived DLBCL and three patients
with transformed DLBCL). These results suggest that Sp17
may be applicable as a therapeutic target regardless of DLBCL
subtype. However, given the relatively small number of cases
studied here, further study is required to draw any firm
conclusions.
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Our analysis of sequential blood samples from two
DLBCL patients demonstrated a persistent CTL response to
Sp17 peptides a year after diagnosis. Both patients remained
in remission by the end of this study. Sustained CTL
responses to TAAs have been previously reported in myeloma
[13] and in anaplastic large cell lymphoma [33, 42]. The
persistence of these T cell responses suggests the presence of
memory T cells, which might be involved in protective immunity and which also represent potential populations of T cells
that could be further stimulated following vaccination [43].
The presence of a significant 𝛾-IFN response in these patients
both at the time of diagnosis and after one year in remission
also suggests the presence of a pool of memory CTL subsets.
Such cells could play an important role not only in protective
tumour immunity but also in the maintenance of memory
CTL responses [44, 45].
A 𝛾-IFN response to the Sp17(1) and Sp17(2) peptides
was only detected in those patients who were HLA-A∗ 0201positive (except for patient 37). These results, combined with
the abrogation of the 𝛾-IFN response through depletion of
CD8-positive cells or the addition of an anti-MHC class I
reagent to CTL lines, provide further evidence for an MHC
class I-dependent Sp17 CTL response.
Our study showed that while the Sp17(5) and Sp17(6)
peptides were not immunogenic, Sp17(4) induced CD4 Th
responses in 4/8 patients expressing Sp17. This is interesting
since the responses were not restricted by the different HLA
class II allele. The presence of such an epitope recognizable
in the context of a variety of different MHC class II molecules
could expand the population of patients for whom the peptide
could be immunogenic beyond that determined by their
MHC class I allele. Moreover, our study shows that CTL as
well as CD4 Th responses to Sp17 were recorded in seven
patients. A number of studies have demonstrated the potential of using peptide epitopes binding to both MHC class I and
class II to achieve optimal immune responses on vaccination
[46].
Sp17 represents a potential immunotherapeutic target
and is therefore important to correlate the presence of CTL
and CD4 𝛾-IFN responses with Sp17 protein expression in
tumours. Immunohistochemical labelling with an anti-Sp17
monoclonal antibody confirmed Sp17 expression in 75%
(9/12) of the patients tested who exhibited 𝛾-IFN responses
to Sp17 peptides. Previous studies [13, 40] were able to
confirm NY-ESO-1 and MAGE protein expression in those
myeloma patients who mounted CTL responses to these
CTAs. The low levels and heterogeneity of Sp17 protein
expression in the lymphoma cells may explain the absence of
detectable Sp17 protein in two patients with a CTL response.
Indeed, the biopsy from one patient (patient 5) was a very
small bone marrow trephine containing very little lymphoma
cells. Furthermore, we previously reported that Sp17 protein
expression in DLBCL cell lines was commonly expressed only
at low levels that were detectable by Western blotting and not
by immunohistochemistry [27]. This may also be the case in
primary DLBCL and provides a potential explanation as to
why a small number of patients exhibited an anti-Sp17
immune response despite protein expression being undetectable by immunohistochemistry.
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It is interesting to note that the majority of the patients
with detectable CTL and CD4 Th responses to Sp17 were
previously reported to show significant T cell responses to
another CTA, the PASD1 protein [29, 30]. The results indicate
that both proteins are expressed and immunogenic in this
cohort of DLBCL patients. Previous studies have described
the presence of more than one CTA antigen in both solid
tumours and haematological malignancies such as myeloma
and plasmacytoma [47, 48]. Intratumoural variation of CTA
expression has been previously described in DLBCL [29],
acute myeloid leukaemia [9], and myeloma [49]. The presence
of more than one CTA within a tumour, combined with
heterogeneity in their protein distribution, thus provides
support for the inclusion of multiple CTAs in vaccine development. This approach should maximize the eradication of
the tumour cells while minimizing tumour escape variants.

5. Conclusions
This study is the first to define immunogenic MHC-presented
Sp17 peptides in DLBCL. We showed coordinated CTL and
CD4 Th responses to Sp17 in DLBCL patients. The CTL
response was MHC class I-restricted and was limited to
patients expressing Sp17.
The current results support Sp17 as a potential
immunotherapeutic target for patients with Sp17-positive
DLBCL or other malignancies expressing this antigen. Since
tumours may express more than one CTA, the inclusion of
Sp17 in a polyepitope vaccine should increase the chances of
successful treatment of patients expressing these antigens.
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