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Cancer vaccines have been demonstrated to be a promising strategy 
for treating human neoplastic disease, but one of the limitations of 
these vaccines remains the paucity of target antigens to which to 
direct an effective immune response. We hypothesize that sperm 
fibrous sheath proteins may be a new class of useful antigens for 
developing successful cancer vaccines. This hypothesis is supported 
by the expression of two sperm fibrous sheath proteins, called sperm 
protein 17 and calcium-binding tyrosine-phosphorylation regulated 
protein, in tumors of unrelated histological origin and their 
capability to induce T cell-based immune responses.
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Background
Cancer vaccines are an attractive therapeutic option for 

patients with primary and secondary malignancies; they rely on 
the manipulation of the immune system and its effector 
functions to eradicate tumor cells (1, 2). However, progress in 
the development of cancer vaccines for human malignancies has 
been slow, in part due to the paucity of suitable target antigens. 
Therefore in order to develop successful T cell-based therapies 
for the treatment of cancer, it is important to identify additional 
tumor antigens. Antigens expressed by neoplasms have 
principally been classified as: (a) shared tumor antigens; (b) 
differentiation antigens; (c) products of mutated genes, viral 
genes, over-expressed and amplified genes; (d) products of 
spliced variant genes; (e) common cancer-associated auto-
antigens; (f) cancer-independent auto-antigens; and (g) 
products of under-expressed genes (3, 4). In addition, the 
existence of antigens expressed by the tumor endothelium has 
recently been described (5).

The hypothesis
The expression of sperm protein 17 (Sp17) and calcium-

binding tyrosine-phosphorylation regulated protein (CABYR) 
in tumors of unrelated histological origin, and their natural 
localization in the human sperm fibrous sheath (FS), has led us 
to hypothesize that FS proteins might identify a new potential 
class of target antigens useful for developing cancer vaccines.

The human sperm fibrous sheath
It is known that the flagellum of human spermatozoa 

(Figure 1A) consists of four distinct segments: (a) the 
connecting piece adjacent to the head; (b) the middle piece 
defined by a tightly packed helical array of mitochondria 
surrounding the cytoskeletal structures of the flagellum; (c) the 
principal piece, and (d) the short end piece (6).

The major cytoskeletal structures are the axoneme, also 
present in cilia, and the outer dense fibers and FS, which are 
unique to spermatozoa. The FS is a unique cytoskeletal entity 
which underlies the plasma membrane, surrounds the axoneme 
and outer dense fibers, and defines the extent of the principal 
piece of the sperm flagellum (7). It consists of two longitudinal 
columns connected by closely arranged semicircular ribs 
(Figure 1B) that assemble from the distal to the proximal end 
throughout spermatogenesis (7, 8). Although the function of the 
FS is unclear, it seems to serve as a scaffold for both glycolytic 
enzymes and constituents of signaling cascades, and it is well 
positioned to play a role in the regulation of sperm motility (7).

Several proteins localized in the FS have been identified, 
including Sp17, CABYR, AKAP3, AKAP4, TAKAP-80, 
Rhopilin, Ropporin, GSTM5 and fibrousheathin (7-12), 
although there are undoubtedly more to be reported. Of these 
proteins, Sp17 and CABYR have been analyzed in more detail.

Sperm protein 17: wider expressed than 
originally thought

A family of tumor-associated antigens, called cancer-testis 
(CT) antigens, has been found to be expressed in a limited 
number of normal human tissues and various human tumors of 
unrelated histological origin (13). One of these, Sp17, has been 
identified as a CT antigen in multiple myeloma, other blood 
malignancies, and ovarian cancer. Messenger RNA encoding 
Sp17 was detected in 17% of patients with multiple myeloma 
and in the primary tumor cells from 70% of patients with 
primary ovarian carcinoma (14, 15). At the protein level, Sp17 
has been found in human germinal cells of the testis (except in 
the case of spermatogonia) (16), the ciliated epithelia of the 
respiratory airways, and both the male and female reproductive 
systems (17). It has also recently been found in the synoviocytes 
of females affected by rheumatoid arthritis (18) and the 
melanophages of cutaneous melanocytic lesions (19), as well as 
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Figure 1 

Proteins located in the sperm fibrous sheath may be useful target to develop effective immunotherapeutic strategies. (A) Schematic diagram showing the structure 
of the human spermatozoon. (B) Electron micrograph showing a cross-section of the sperm fibrous sheath. The FS is a unique cytoskeletal structure of the spermato-
zoon. The cancer-testis antigen Sp17 belongs to the fibrous sheath proteins family and has been found in several tumors of unrelated histological origin, including benign 
pituitary adenomas (C) and primary ovarian carcinomas (D).

in a proportion of primary nervous system tumors (20) and a 
subset of esthesioneuroblastomas (21). As it is expressed in 
germinal cells and also various neoplastic tissues (Figure 1, C 
and D), Sp17 is more widely distributed in humans than 
originally thought. Although the function of Sp17 is still 
unknown, the high degree of sequence conservation throughout 
its N-terminal half and the presence of an A-kinase anchoring 
protein (AKAP)-binding motif within this region suggests that 
it might play a regulatory role in a protein kinase A (PKA)-
independent AKAP complex in both germinal and neoplastic 
cells. Wang et al. (22) have recently suggested that the regulation 
of Sp17 gene expression in multiple myeloma cells occurs by 
promoter methylation. Although DNA methylation is not the 
primary control mechanism regulating the expression of most 
tissue-specific genes, their results indicate that promoter 
methylation can serve as the main regulatory mechanism for the 
expression of Sp17 in ARK-B, ARP-1, RPMI-8226 and KMS-11 
multiple myeloma tumor cell lines (22).

Interestingly, human leukocyte antigen (HLA) class I-
restricted Sp17-specific cytotoxic T lymphocytes (CTLs) were 
generated successfully from the peripheral blood of three 
patients with ovarian carcinoma at the time of disease 
presentation (15). These CTLs were able to lyse autologous 
Epstein-Barr virus-transformed lymphoblastoid cells in a Sp17-
dependent manner. The CTLs also lysed Sp17-positive 
autologous tumor cells, suggesting that Sp17 is processed and 
presented in association with the HLA class I molecules in Sp17-
positive tumor cells in a concentration and configuration that 
could be recognized by recombinant protein-primed CTLs. 
Tumor cell killing by the CTLs appeared to be mediated through 
the perforin pathway. Flow cytometric analysis of the CTLs 
indicated that they were predominantly CD8 in phenotype and 
produced interferon-γ and scant amounts of interleukin-4 (15).
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CABYR: a novel cancer-testis antigen
CABYR is a calcium-binding tyrosine phosphorylation-

regulated protein originally isolated from human spermatozoa 
(10). It is encoded by the gene CABYR on chromosome 18 at 
18q11.2; the protein localizes to the principal piece of the sperm 
flagellum in association with the FS and exhibits calcium 
binding when phosphorylated during capacitation (10). 
Although CABYR was initially reported to be testis specific, 
recently it has been observed in lung (23) and brain tumors (24), 
suggesting that CABYR may be expressed in tumors of 
unrelated histological origin. Using a combination of 
conventional RT-PCR and real-time PCR to determine the 
expression levels of CABYR-a, CABYR-b, and CABYR-c in 16 
normal tissues, 15 cell lines, and 36 lung cancer tissues, Luo et al.
(23) have also concluded that CABYR is immunogenic in some 
cancer-bearing patients and that CABYR might be a useful 
candidate antigen for lung cancer immunotherapy. In addition 
to the analysis of mRNA expression, they used 
immunohistochemistry to analyze CABYR protein expression 
in lung cancer. The frequent expression of CABYR protein in 
lung cancer tissues and the absence of CABYR protein in non-
tumoral lung tissues confirmed the result from analyzing 
CABYR at the mRNA level (23). Thus, the 
immunohistochemical analysis of CABYR provided more 
evidence supporting CABYR as a CT antigen in lung cancer.

Conclusions
Since the first cloning of a human tumor antigen (24), the 

identification of tumor antigens capable of eliciting an immune 
response in cancer patients and the development of 
immunogenic cancer vaccines targeting these antigens has 
represented formidable tasks for tumor immunologists (1, 2, 
25).

Recently, cancer vaccines have been demonstrated to be a valid 
strategy to approach the treatment of human cancer. One of the 
limitations that remain is the scarcity of valid target antigens for 
effective cancer vaccines.

Interestingly, a post-meiotic expression pattern of Sp17 and 
CABYR was observed which increases the possibility for these 
two antigens to be used for effective cancer vaccines. It is well 
known that testis is an immune privileged site due to the 
presence of the blood-testis barrier. However, many of the 
identified CT antigens, including BAGE (26), PLU-1 (27), 
MORC (28), TEX-15 and TDRD1 (29), are expressed in 
spermatogonia located in the basal compartment of the 
seminiferous epithelium, which represents the non-protected 
side of the blood-testis barrier. Thus, cancer vaccines targeting 
these CT antigens may result in reduction or elimination of 
spermatogenesis and permanent injury to the testes of the 
patients. In contrast, vaccines targeting CT antigens, including 
Sp17 (16), CABYR (23), OY-TES1 (30), TPTE (31) and ADAM2 
(32), which lie on the protected side of the blood-testis barrier 
(i.e. the adluminal compartment of the seminiferous 
epithelium) may reduce this risk (33, 34).

We have hypothesized here that sperm FS proteins, like Sp17 
and CABYR, might constitute a new class of target antigens 
useful for developing cancer vaccines. This hypothesis can be 
tested and needs to be systematically validated as we have 
described before (35). If proven, the present hypothesis would 
not only increase the number of available target antigens in 
cancer vaccines, but would also add new knowledge on the 
relationship between human germ cell development and 
carcinogenesis (13, 36-38).
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