
GENERAL INTRODUCTION

1. Sperm protein 17 (Sp17) background

Sperm protein 17 (Sp17) is a presumed testes-specific protein whose known function is
to bind sperm to the zona pellucida and to sulfated carbohydrates, such as dextran sulfate
(1, 2). However, recently, our laboratory (unexpectedly) discovered the Sp17 gene in
rheumatoid arthritis (RA) synoviocytes obtained from female patients, as compared to
osteoarthritis (OA) synoviocytes, using differential display (3). Similarly, a study
examining the molecular changes in tumor formation and metastasis demonstrated the Sp17
gene in the metastatic stage, but not the transitional phases, of a multi-stage model of
murine squamous cell carcinoma (4). Moreover, Sp17 was found to share peptide structure
homology with molecules that regulate gene transcription, and with genes that encode cell
junction and signal transduction proteins, suggesting additional functions for Sp17 (5).

The role of Sp17 in highly proliferating tissues (e.g. RA and metastatic neoplasias) is
unknown. However, the detection of the Sp17 gene in highly proliferating tissues and the
structure of the Sp17 protein, suggest that Sp17 may have an alternative function, possibly
in the mediation of signal transduction, protein synthesis and/or unregulated growth (5).
Thus, the characterization of Sp17 in normal, as compared to diseased tissues, may reveal
important data, which will begin to elucidate potential roles for Sp17 in highly proliferating
cells.

1.1 Sp17 sequence

Sp17 was discovered during the development of an immunocontraceptive (5). The
Sp17 cDNA was first cloned, sequenced, and characterized from rabbit testis and
spermatozoa (1, 2). Similar studies have identified the Sp17 transcript in human,
primate and mouse testis tissue (6, 7, 8, 9).

The rabbit Sp17 mRNA was described as a spliced cDNA, 1.3kb and 0.9kb in
length (1). Similarly, a human testis cDNA library, screened with a rabbit Sp17
probe, revealed two human Sp17 cDNAs (6). The human Sp17 cDNAs were
determined to be 1.6kb and 1.3kb in length and were characterized by alternative
5’UTRs. Although the two human Sp17 cDNAs differ by the 5’UTR region, the
coding and 3’UTR regions are identical (Figure 1) (6).

Subsequent genomic sequencing revealed that the Sp17 coding region is made up
of five exons and four introns extending over approximately 23 kb (6, Chapter 1). In
addition the human Sp17 gene was located on chromosome 11.

1.2 Sp17 protein

The human Sp17 protein is a 151 amino acid polypeptide with a calculated
molecular weight of 17,408 Da. Sequence analyses of the Sp17 protein indicate that
the C-terminal and N-terminal ends may be involved in the primary, and potential
alternative, functions of Sp17 (Figure 2) (5).



At the C-terminal end of the Sp17 protein is a putative calmodulin (CaM) binding
site exhibiting similarity to the human growth-associated protein 43 (also known as
neuromodulin) and to other CaM binding proteins (e.g. myosin and neurogranin) (10,
11, 12). Generally, CaM is known to regulate Calcium (Ca++)-dependent proteins and
enzymes, which participate in signaling pathways controlling cell growth and
proliferation. However, more recent studies suggest that the Sp17 protein may also
function as a CaM binding protein (13).

The N-terminus of the Sp17 protein exhibits sequence similarity to the human
cAMP-dependent protein kinase type II regulatory subunit (RII). The Sp17 N-
terminal region is thought to be responsible for the dimer formation of RII (14).
Recent studies have demonstrated that anchoring proteins bind to the regulatory
dimer and sequester it to specific subcellular locations such as centrosomes, the actin
cytoskeleton, endoplasmic reticulum, golgi, microtubules, mitochondria and the
nuclear matrix (15). Thus, anchoring proteins may enable the compartmentalization
of the Sp17 protein. Similarly, studies using anchoring inhibitor peptides suggest that
molecules with homology to the R subunit, such as Sp17, have a distinct function in
the regulation of sperm motility (16). In addition, the N-terminal region of the Sp17
protein also contains key peptide sequences for a C-type lectin, Ca++-dependent
galactose binding domain, which may be involved in cell-cell or/and cell matrix
recognition processes (17).

1.3 Sp17 expression

Sp17 is a presumed, testes-specific autoantigenic protein whose known function is
to bind sperm to the zona pellucida (1, 2). However, it has been suggested that the
Sp17 protein may also function as a calmodulin binding protein (13). In addition,
recent studies have detected the Sp17 transcript and the Sp17 protein in normal non-
testes and neoplastic tissues (4, 7, 18, 19).

For example, Sp17 was previously shown to be testis specific by northern blot
analysis (1, 7). However, the Sp17 gene was detected by differential display in
normal sheep mucosa-associated lymphoid tissues, including jejunal Peyer’s patches,
non-Peyer’s patch jejunum, mesenteric lymph node and retropharyngeal lymph node
(18). Moreover, the detection of the Sp17 gene in non-testis tissues is supported by
the identification of Sp17 expressed sequence tag (EST) clones isolated from the
lung, kidney, ovary, placenta, uterus and B cell cDNA libraries (7).

Sp17 was also detected in neoplastic tissues. For example, the Sp17 gene was
detected by differential display in the metastatic stage, but not the transitional phases
of a multi-stage murine model of squamous carcinoma (4). In addition, Sp17 was
detected in multiple myeloma cells by northern blot and western blot analyses.

The detection of Sp17 in normal and neoplastic tissues suggests an additional
function for the Sp17 protein, possibly in the mediation of signal transduction, protein
synthesis and/or unregulated growth (5). In addition, because Sp17 mRNA was



detected in testis and neoplastic tissues, as compared to normal non-testes tissues, the
Sp17 protein was implicated as a cancer-testis (CT) antigen (19).

2. Cancer-testis antigens

Gene expression is frequently different in neoplastic cells as compared to normal
tissues. In particular, normal testicular transcripts and proteins have been identified in a
variety of malignant neoplasias. Recently, some of these proteins have been recognized to
comprise a group of tumor-specific antigens called cancer-testis antigens (CT)  (20). CTs
are characterized by: 1) mRNA expression predominantly in testis, 2) gene activation and
mRNA expression in multiple human tumors, 3) existence of multiple gene families, and 4)
localization of coding genes to chromosome X (21).

In previous studies, the CT antigen families, MAGE, BAGE and GAGE, were
discovered by cloning cytotoxic T lymphocyte-recognized antigens expressed in melanoma
cells (22, 23, 24). However, recently, serological analysis of recombinant cDNA expression
libraries (SEREX) was used to identify cDNAs encoding the CTs from melanoma (SSX2),
esophageal cancer (NY-ESO-1) and renal cancer (SCP1) (25, 26, 27). Similarly, new CTs
have been discovered by the SEREX method using a testis cDNA library (28). In addition,
CTs have been studied and detected in cancers including those of the brain, breast, liver
and lung (29, 30, 31, 32). However, CT expression was not detected in normal non-testis
tissues (33).

Sp17 exhibits several hallmarks of CT antigens. In particular, a study of Sp17 in normal
tissues revealed that Sp17 mRNA is abundantly expressed in normal testis tissue (1, 7).
Similarly, the Sp17 gene, mRNA and the Sp17 protein were detected in the metastatic stage
of squamous cell carcinoma and in multiple myeloma cells (4, 19). However, Sp17 has yet
to be confirmed as a CT antigen.

The role of CT antigens in neoplastic tissues is not fully understood. However, the
selectivity of CT expression in neoplastic versus normal non-testis tissues and the
immunogencity of CTs, implicates CTs as an immunotherapeutic target in malignant
neoplasms (34). Thus, if Sp17 is a CT antigen, it may be an important immunotherapeutic
target in malignant neoplasias.

3. Goals of the investigation

Sp17 has been detected in normal non-testes and in highly proliferating tissues (3, 4,
18, 19). Although the function of Sp17 in these tissues is unknown, altered Sp17 gene
expression may contribute to changes in pathologic behavior, including pathways involved
in signal transduction, cell growth and death, cell recognition and adhesion, angiogenesis,
and host immunity. In addition, Sp17 exhibits sequence similarity to the human cAMP-
dependent protein kinase type II alpha regulatory subunit and has a CaM binding site on the
Sp17 protein. These characteristics may be important in the transcriptional regulation and
function of Sp17 in normal non-testes and highly proliferating tissues (e.g. malignant
neoplasias and RA). Thus, a detailed characterization of human Sp17 may provide further
insight into the regulation, function and evolution of Sp17.



This study is intended to characterize human Sp17. In particular, this study will explore
and differentiate between two Sp17 genes in the human genome, an intron-containing gene
(Sp17-1) and an intronless pseudogene (Sp17-2), which may have evolved by the
retroposition of the Sp17-1 gene. In addition, to begin to characterize the possible
regulation mechanisms of Sp17 mRNA, alternative transcriptional start and multiple
polyadenylation sites will be investigated. Furthermore, to examine the tissue distribution
of Sp17, the Sp17 mRNA and protein will be examined in normal primate and human
tissues and in neoplastic cell lines.



4. Figures

5’ UTR (nucleotides 1-748 represent the 5’UTR for the 1.6kb Sp17 cDNA A)

  1  cgggcgtgca gacaaaatac atggatgtgg tcaaggagcg aatccgttta gctcgacaga ttgagaaatc
 71  tgagtatcgg aacttccagg cttgcctgca caactcttgg gattgagcag gcagcagctg ccctggagat
141  tgagctggaa gaagacatgt ataagggagg aaaagctgac cagcaagaag aacgtcggag acaaagcaga
211  tgaaggttct gaaggaggag ctgcgccacc tgctgtccag ccactgttta cggagagcca gaaaaccaag
281  tatccactca gtctggcaag ccgccccttg cttgtgtctg ccccaagtaa gagcgagtct gctttgagct
351  gtctctccaa gcagaagaag aagaagacaa agaagccgaa gagccacagc cggaacagcc acagccaagt
421  acaagtgcaa attaactggt caagtgtgtc agtgactgca cattggtttc tgttctctgg ctatttgcaa
491  aacctctccc acccttgagt ttcactccac caccaacccc aggtaaaaaa gtctccctct cttccactca
561  cacccatagc gggagagacc tcatgcagat ttgcattgtt ttggagtaag aattcaatgc agcagcttaa
631  tttttctgta ttgcagtgtt tataggcttc ttgtgtgtta aacttgattt cataaattaa aaacaatggt
701  cagaaaaaaa aaaaaaaccg gaaccggcgg caccagctcg gagagaaa

5’ UTR (nucleotides 749-1210 represent the 5’UTR for the 1.3kb Sp17 cDNA B)

749                                                      tc gatgttgtag tgaccttcag
771  taaaagagcg gtttttcata gaggtgccgt tttagactac ctatttaaga ggcacgaaaa acaaatacat
841  ctaataggtt aagtaaaaaa ccatctattt cggacaataa aagttatttt ctacacacgt tggtcttcat
911  tttactcgtt aacagtatca tacatccttc taagcttatc tttttgacgt gaaagtgtag tagtatgtct
981  ccacctggca gctatgtagt taatattttt gtctgttgta atgttatcaa gtaccgaaca ttttcctaat
1051 gaaatagtgg aaaagacaac ctttttctcc atttctattt ggatttttag atcacgtaca taacaaggaa
1121 tcgaataaat aatgaagtgt tttataaaga gtatccgtct tggagggaga ttccagttgg gaggttccat
1191 aggcagttct taccaagaag

CODING REGION

1211                       atgtcgattc cattctccaa cacccactac cgaattccac aaggatttgg
1261 gaatcttctt gaagggctga cacgcgagat tctgagagag caaccggaca atataccagc ttttgcagca
1331 gcctattttg agagccttct agagaaaaga gagaaaacca actttgatcc agcagaatgg gggagtaagg
1401 tagaagaccg cttctataac aatcatgcat tcgaggagca agaaccacct gagaaaagtg atcctaaaca
1471 agaagagtct cagatatctg ggaaggagga agagacatca gtcaccatct tagactcttc tgaggaagat
1541 aaggaaaaag aagaggttgc tgctgtcaaa atccaagctg ccttccgggg acacatagcc agagaggagg
1611 caaagaaaat gaaaacaaat agtcttcaaa atgaggaaaa agaggaaaac aagtga

3’ UTR

1667                                                              ggac actggtttta
1681 cctccaggaa acatgaaaaa taatccaaat ccatcaacct tcttattaat gtcatttctc cttgaggaag
1751 gaagatttga tgttgtgaaa taacattcgt tactgttgtg aaaatctgtc atgagcattt gtttaataag
1821 cataccattg aaacatgcca cttgaagatt tctctgagat catgagtttg tttacacttg tctcaagcct
1891 atctatagag acccttggat ttagaattat agaactaaag tatctgagat tacagagatc tcagaggtta
1961 tgtgttctaa ctattatcaa atgaataaat cctctctatc acatccccca aaaaaaaaaa aaaaaaaaa

Figure 1. Nucleotide sequence of the proposed human Sp17 cDNA variants (Accession number
Z48570) (4). The human Sp17 cDNAs were determined to be 1.6kb (cDNA A) and 1.3kb (cDNA
B). The cDNAs are differentiated by the length of the 5’UTR as indicated. Nucleotides common
to the 5’UTR of both mRNAs (1180-1210) are underlined. Although the two cDNAs differ by
the length of the 5’ UTR, the coding region and 3’UTR sequences are identical.



Figure 2. Secondary structure of the human Sp17 protein (1). The helices are depicted as wavy
lines and the beta sheets represented by sharp waves. The N-terminal end  (NH2) demonstrates
high homology to the human cAMP-dependent protein kinase type II regulatory subunit. The
C-terminal end (COOH) contains a putative calmodulin (CaM) binding site.
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