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The sialic acid binding immunoglobulin-like lectin
Siglec) family is a recently described member of the
mmunoglobulin superfamily. Within this Siglec fam-
ly there exists a subgroup of molecules which bear a
ery high degree of homology with the molecule
iglec-3 (CD33), and has thus been designated the
iglec-3-like subgroup of Siglecs. The members of this
ubgroup have been localized to chromosome 19q13.4,
hrough both in situ hybridization and precise
enomic mapping at the nucleotide level. Through the
ositional cloning approach we have identified and
haracterized a Siglec-like gene (SLG), a putative
ovel member of the Siglec-3-like subgroup of Siglecs.
e have characterized the complete genomic struc-

ure of SLG, as well as two alternative splice variants,
nd determined its chromosomal localization. The
hort isoform, SLG-S, consists of seven exons, with six
ntervening introns, while the longer isoform, SLG-L,
onsists of eight exons and seven intervening introns.
he SLG gene is localized 32.9 kb downstream of
iglec-8 on chromosome 19q13.4. The putative SLG-S
nd SLG-L proteins, of 477 and 595 amino acid resi-
ues, respectively, show extensive homology to many
embers of the Siglec-3-like subgroup. This high de-

Siglec-like gene: GenBank Accession No. AF277806.
Abbreviations used: Siglec, sialic acid-binding immunoglobulin-

ike lectin; RT-PCR, reverse transcription–polymerase chain reac-
ion; IgSF, immunoglobulin superfamily; EST, expressed sequence
ag; ITIM, immunoreceptor tyrosine kinase inhibitory motif; SLAM,
ignaling lymphocyte activation molecule; SAP, SLAM-associated
rotein; SH2, src homology 2; SHP, SH2 domain-containing protein
yrosine phosphatase; SHIP, SH2 domain-containing inositol phos-
hatase; AML, acute myelogenous leukemia; SLG, Siglec-like gene;
AC, bacterial artificial chromosome.

1 To whom correspondence and reprint requests should be ad-
ressed at Department of Pathology and Laboratory Medicine,
ount Sinai Hospital, 600 University Avenue, Toronto, Ontario
5G 1X5, Canada. Fax: 416-586-8628. E-mail: ediamandis@
tsinai.on.ca.
887
g-like domains, as well as in the cytoplasmic tyrosine-
ased motifs. Interestingly, the SLG-L protein con-
ains two N-terminal V-set Ig-like domains, as opposed
o SLG-S and other Siglec-3-like subgroup members
hich contain only one such domain. Through RT-
CR we have examined the expression profile of both
LG splice variants in a panel of human tissues and
ave found that SLG-S is highly expressed in spleen,
mall intestine and adrenal gland, while SLG-L exhib-
ts high levels of expression in spleen, small intestine,
nd bone marrow. This gene is quite likely the latest
ovel member of the CD33-like subgroup of Siglecs,
nd given its high degree of homology, it may also
erve a regulatory role in the proliferation and
urvival of a particular hematopoietic stem cell lin-
age, as has been found for CD33 and Siglec7. © 2001

cademic Press

Key Words: Siglec gene family; CD33-like subgroup;
mmunoglobulin superfamily; sialoadhesins; new gene
iscovery; positional cloning.

Sialic acid binding immunoglobulin-like lectins (Si-
lecs) are a novel family of type I transmembrane
roteins belonging to the immunoglobulin superfamily.
hey mediate protein–carbohydrate interactions through
heir ability to bind sialic acid moieties found on gly-
olipids and glycoproteins (1, 2). These receptors are
haracterized by the presence of an N-terminal V-set
g-like domain and a variable number of downstream
2-set Ig-like domains, ranging from 1 in Siglec-3 to 16

n Siglec-1. Each of the nine members of the Siglec
amily characterized in humans to date is expressed by
specific hematopoietic cell lineage, with the exception

f Siglec-9 which is found on several cell types. Siglec-1
Sialoadhesin) is a macrophage-restricted adhesion
olecule (3), Siglec-2 (CD22) is found on B-lymphocytes
0006-291X/01 $35.00
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nd regulates their activation (4), Siglec-3 (CD33) is a
yeloid-specific inhibitory receptor (5, 6), and Siglec-4a

Myelin-associated glycoprotein, MAG) is found on myeli-
ating oligodendrocytes and Schwann cells and is in-
olved in myelin formation and maintenance (7, 8).
iglec-5 is expressed on neutrophils (9) and Siglec-6 on
-lymphocytes (10). Siglec-7 (AIRM1/p75) is an inhibi-

ory receptor expressed on natural killer cells (11, 12),
hile Siglec-8 is restricted to eosinophils (13), and
iglec-9 is found on monocytes and neutrophils (14–16).
Among the Siglecs, a subgroup of proteins exist
hich share a greater degree of sequence homology to
iglec-3. This subgroup is found in a cluster on chromo-
ome 19q13.4 and includes Siglec-3, -5, -6, -7, -8, -8-L,
nd -9 (14–17). These Siglec-3-like Siglecs are charac-
erized by the presence of two tyrosine-based motifs in
heir cytoplasmic tails: (i) an immunoreceptor tyrosine
inase inhibition motif (ITIM), with a consensus se-
uence (I/L/V)xYxx(L/V) (18, 19); and (ii) a motif simi-
ar to that identified in the signaling lymphocyte acti-
ation molecule (SLAM), referred to as a SLAM-like
otif, with the sequence TxYxx(I/V) (20, 21). ITIM
otifs have been found to serve as binding sites for the
H2 (src homology 2) domains of the SH2-domain con-
aining protein tyrosine phosphatases SHP1 and SHP2
22, 23), as well as the SH2-domain containing inosi-
ol phosphatase SHIP1 and SHIP2 (24). The second,
LAM-like, motif was originally identified in SLAM
nd found to recruit both the SLAM-associated protein
SAP) and the tyrosine phosphatase SHP2, both
hrough their SH2 domains (20, 21). The presence of
uch cytoplasmic motifs capable of recruiting various
hosphatases suggests an inhibitory role for these
iglec-3-related Siglecs in intracellular signaling path-
ays. Functional studies performed on a few members
f this subgroup appear to support this hypothesis.
iglec-7, which was initially identified as a natural
iller cell inhibitory receptor, is able to inhibit natural
iller cell cytotoxicity upon tyrosine phosphorylation of
he ITIM motif and subsequent SHP1 recruitment (11).
urther, Siglec-3 has been shown to recruit both SHP1
nd SHP2 following tyrosine phosphorylation in its
TIM motif. For both of these receptors it has been
ound that their engagement with monoclonal antibod-
es results in the inhibition of both normal and leuke-

ic myeloid cell proliferation (25).
In this paper we describe the identification and mo-

ecular characterization of a novel putative member of
he Siglec family of genes, designated Siglec-like gene
SLG), and two alternative mRNA splice variants. We
ave determined the genomic organization of both
hese splice variants, finding them to be encoded by
even and eight exons, for SLG-Short (SLG-S) and
LG-Long (SLG-L), respectively. We have localized the
LG gene to chromosome 19q13.4, 32.9 kb downstream
f Siglec-8. The resultant putative SLG-S and SLG-L
roteins, of 477 and 595 amino acid residues, respec-
888
ively, display a high degree of homology to Siglec-7,
8-L, and -9. Detailed examination of their homology
ith known members of the Siglec-3-like subgroup of
iglecs shows that they possesses all the structural

eatures characteristic of this subgroup, including the
xtracellular Ig-like domains, as well as the cytoplas-
ic tyrosine-based motifs. In the case of the SLG-L

ariant, it appears to encode two N-terminal V-set
g-like domains, a feature not found in other Siglecs to
ate. We examined the tissue expression profile of both
LG splice variants through RT-PCR, finding that
LG-S is highly expressed in spleen, small intestine,
nd adrenal gland, while SLG-L is highly expressed in
pleen, small intestine, and bone marrow.

ATERIALS AND METHODS

Identification of the Siglec-like gene (SLG). Based on the high
egree of homology among the Siglec-3-like subgroup of Siglecs, in
oth the extracellular Ig-like domains as well as the cytoplasmic
yrosine-based motifs, we screened the human expressed sequence
ag (EST) database with these sequences, using the BLAST align-
ent tool (26). Any matching ESTs we identified were obtained from

he I.M.A.G.E. consortium through Research Genetics Inc. (Hunts-
ille, AL). These clones were then propagated according to the sup-
liers instructions, purified, and sequenced from both directions with
n automated sequencer, using the flanking T3 and T7 vector prim-
rs. Further, we obtained genomic sequence derived from BAC clones
hich cover the area of chromosome 19q13.4, believed to contain the
iglec-3-like subgroup locus, from the Lawrence Livermore National
aboratory (LLNL) Human Genome Center. We utilized the BLAST
lignment tool to determine the exact location of any EST identified
bove in this genomic sequence. We then proceeded to investigate
he genomic sequence surrounding the EST sequence with an exon
rediction program, Grail2Exons (27).

Cloning and molecular characterization of two SLG splice forms.
ased on the alignment of the EST and the exon prediction results,
e proceeded to design sets of primers to be used with reverse

ranscription-coupled polymerase chain reaction (RT-PCR) in order
o determine the exact sequence of the SLG mRNA species. This
esign allowed for the production of overlapping RT-PCR fragments,
hus enabling us to determine the entire mRNA sequence. Based on
esults from RT-PCR with a panel of human tissues (see below), we
sed bone marrow as the tissue with which to work with. Bone
arrow cDNA was prepared as described below. The primer combi-
ations which we used were: (i) SLG-F3: 59-AGGAAGCCTC-
GCCTCAGAG-39, and SLG-R3: 59-CCTTCATCCTTCACATGCAC-
9; and (ii) SLG-F2: 59-ATCACTCGCTCCTCGATGCT-39, and SLG-
2: 59-TCTCTCCTTCCTCTGGGGAG-39. Due to the high degree of
omology, even at the nucleotide level, among the Siglec-3-like sub-
roup of Siglecs, we utilized semi-nested PCR, to ensure we were
mplifying the correct mRNA species, using the above forward prim-
rs, SLG-F3 and SLG-F2, and the nested reverse primers SLG-R3N
59-GAGGACTGTGAGGGGCTCAG-39) and SLG-R2N (59-GATTC-
ATCAGGGGTCC-39), respectively. The PCR conditions were as

ollows: 2.5 units HotStarTaq polymerase (Qiagen, Valencia, CA), 13
CR buffer with 1.5 mM MgCl2 (Qiagen), 1 ml cDNA, 200 mM dNTPs

deoxynucleoside triphosphates), and 200 ng of primers, using the
astercycler gradient thermocycler (Eppendorf Scientific, Inc.,
estbury, NY). The temperature profile was: denaturation at 95°C

or 15 min followed by 94°C for 30 s, annealing at 62°C for 30 s, and
xtension at 72°C for 1 min, for a total of 35 cycles, followed by a final
xtension at 72°C for 10 min. The PCR product was subjected to
lectrophoresis on a 2% agarose gel containing ethidium bromide.



The PCR products were extracted from the gel and the purified DNA
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as directly sequenced using an automated sequencer.
During our examination of this genomic area through exon predic-

ion, an additional putative upstream exon was also identified, which
lso possessed a signal peptide and Ig-like sequence highly homolo-
ous to existing members of the Siglec-3-like subgroup of Siglecs. In
rder to examine the possibility of an additional upstream exon with
slightly different signal peptide and Ig-like sequence, we designed
forward PCR primer specific for this exon, lying within its 59

ntranslated region. This upstream primer, SLG-FU (59-TGGCAC-
TCCAACCCGACAC-39), was used in combination with the reverse
rimer SLG-R3 for RT-PCR, under identical conditions to those
escribed above. The PCR product was subjected to electrophoresis
n a 2% agarose gel containing ethidium bromide. The resultant
NA bands were extracted from the gel, purified, and directly se-
uenced using an automated sequencer.
Following final characterization of both the SLG mRNA sequences

s well as the genomic organization for SLG, the putative protein
roducts were determined. These protein sequences were then
ligned with those of the other known members of the Siglec-3-like
ubgroup of Siglecs using the ClustalX multiple alignment tool (28).
hading of similar and identical residues was accomplished using
he BOXSHADE alignment shading program (http://www.ch.embnet.
rg/software/BOX–form.html). Further, the SLG protein sequences
ere examined for the presence of transmembrane domains, with
oth TMpred (29) and through their Kyte–Doolittle hydrophobicity
rofile (30). The presence of putative signal peptides was examined
hrough the use of the SignalP v1.1 signal peptide prediction pro-
ram (Nielsen et al., 1997).

Tissue expression of two SLG splice variants. The tissue expres-
ion profile for both SLG alternative splice forms was elucidated by
erforming RT-PCR using total RNA from 25 normal human tissues
Clontech, Palo Alto, CA). The PCR primers used were SLG-F3 and
LG-R3, and SLG-FU and SLG-R3, for the short and longs forms of
LG, respectively. The PCR conditions were the same as those de-
cribed above, and reverse transcription was performed using Super-
cript II, according to the manufacturer’s instructions (Gibco BRL,
aithersburg, MD). The temperature profile for the PCR was iden-

ical to that described previously. From the cDNA that was produced
e also performed a PCR for actin, as described elsewhere (31), as a

ontrol for cDNA quality.

Mapping and chromosomal localization of SLG. As indicated
bove, the SLG gene was identified in the genomic sequence from a
AC clone covering chromosome 19q13.4. We subjected the sequence
ncompassing the SLG gene to the Webcutter restriction analysis
ool to determine the size of the resultant EcoR1 fragments. We then
ompared these results to the published EcoR1 map for chromosome
9 (32), which is also available through the LLNL Human Genome
enter. In addition, the SLG mRNA sequences were aligned with the
nal genomic sequence from this BAC clone (GenBank Accession No.
C020914) using the BLASTN nucleotide alignment program, allow-

ng for precise localization of all exons. Further, by knowing the
recise location of both the Siglec-9 gene (14) and the Siglec-8 gene
17), we determined the distance between these and the SLG gene.

Phylogenetic analysis of the expanded Siglec family. In order to
xamine the evolutionary relationship among the members of the
iglec family, including the novel members identified in this work,
e proceeded to perform phylogenetic analysis. This was achieved,

nitially, through use of the ClustalX multiple alignment tool, utiliz-
ng the protein sequence for all the human Siglec family mem-
ers and those of SLG-S and -L. Phylogenetic analysis was then
erformed with the Phylip software package, through the use of
lustalX and a distance matrix. Parsimony trees were constructed
sing neighborhood-joining, UPGMA, and protpars parsimony meth-
ds. Selection of the appropriate tree was based on which of these
as consistent with the findings by other groups (15).
889
ESULTS

dentification of the Siglec-like Gene (SLG)

Our screening for ESTs homologous to previously
ublished members of the Siglec-3-like subgroup re-
ealed the presence of an EST (GenBank Accession No.
I132995) which showed extensive homology to the

yrosine-based motifs found in the cytoplasmic tail of
ther members of this subgroup. This EST was then
ompared to genomic sequence derived from BAC
lones covering chromosome 19q13.4. We identified one
lone, CTD-3073N11, which contained this EST in the
orm of three exons. Subsequent exon prediction using
he genomic sequence from this clone indicated the
resence of an additional four putative exons.

loning and Molecular Characterization
of Two SLG Splice Forms

Based on the results of exon prediction, followed
y verification through RT-PCR and sequencing, we
loned and fully characterized the entire mRNA struc-
ure of SLG-Short (SLG-S). Through alignment with
he genomic sequence we determined the precise
enomic organization of the SLG gene. We found that
his mRNA species, similar to our findings for Siglec-8
nd -9 (14, 17), is encoded by seven exons, with six
ntervening introns. The first two predicted exons men-
ioned above were found to be a single exon, based on
ur experimentally defined mRNA sequence. Further,
he exon prediction did not detect the third exon, which
as identified through RT-PCR. The lengths of the
xons which encode the SLG-S mRNA are 474, 279, 48,
70, 97, 97, and 471 bp (Fig. 1). All intron/exon splice
ites are closely related to the consensus splice sites
-mGTAAGT . . . CAGm-, where m is any base) (33).

The proposed open reading frame for the SLG-S
RNA transcript consists of 1736 bp, which results in
477 amino acid protein, with a molecular weight of

1.7 kDa, excluding any posttranslational modifica-
ions. The translation initiation codon (ATG), located
t position 21 (based on the numbering of our GenBank
ubmission) was chosen for two reasons: (i) the se-
uence surrounding this initiation codon conforms to
he Kozak consensus sequence for translation initia-
ion, especially with the most highly conserved purine
t position -3 (34); (ii) with this translation initiation
odon the resultant protein product shows extensive
omology with other members of the Siglec-3-like sub-
roup of Siglecs (see below), as well as the fact that no
ther initiation codon was found that produced a long,
ontinuous open reading frame. The first exon contains
59 untranslated region of at least 20 bp, while in the

eventh (last) exon there is a 39 untranslated region of
82 bp. Through the presence of a poly dA tail at the 39
nd of the EST, we were able to identify the end of the
LG-S mRNA transcript.
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Through our examination of the additional putative
pstream exon encoding an alternate signal peptide,
e discovered that this produces an alternative mRNA

pecies which differs from the SLG-S mRNA at its 59
nd (Fig. 1). This novel SLG transcript, designated
LG-Long (SLG-L) is comprised of 8 exons, with 7

ntervening introns. Through nucleotide alignment of
his mRNA species with the genomic sequence from the
AC clone, we were able to determine the exon bound-
ries for this alternative splice form as well. The first
xon present in the SLG-L mRNA is at least 447 bp in
ength, including at least 20 bp of 59 untranslated
equence, with a second exon of 381 bp. These 381 bp of
he second SLG-L exon are identical to those of the
LG-S mRNA transcript. However, in the case of
LG-S, these are part of its first exon, which extends at

east 93 bp, including at least 20 bp of 59-untranslated
equence, upstream of the splice site for SLG-L (Fig. 2).
he remainder of the SLG-L mRNA sequence is iden-
ical to that of SLG-S. As in the case of SLG-S, the
LG-L mRNA splice sites are all closely related to the
onsensus splice sites, as described above.

The putative protein product derived from the
LG-L mRNA transcript is composed of 2070 bp, pro-
ucing a protein product of 595 amino acid residues,
ith a predicted molecular weight of 65.0 kDa, exclud-

ng post-translational modifications. The translation
nitiation codon (position 21 in the SLG-L GenBank
ubmission) was chosen because it is the only reading
rom which produces a continuous open reading frame,
aintaining this frame after splicing and assuming

dentity with the SLG-S mRNA sequence. Further, this
pen reading frame exhibits extensive homology to
nown members of the Siglec-3-related subgroup of
iglecs.
Examination of both SLG-S and SLG-L protein se-

uences revealed that they are highly homologous to

FIG. 1. Nucleotide and protein sequences of both SLG isoforms
hich we verified experimentally, along with their amino acid tra

ranscript is indicated by the solid underline, while that of the SLG-S
LG-S protein is indicated by the broken underline, until the codo
ntranslated region is indicated by the double underline. The intr
olyadenylation signal is also indicated by the shaded sequence.

FIG. 2. Genomic organization of the SLG gene. Shown schemat
RNA transcripts we identified. The SLG-L transcript begins at ex

ranscript begins at the beginning of exon 2, with its corresponding
ranscript. The shaded region denotes the nucleotide sequence that
ranscript. The sizes of the exons are indicated, with introns being de
s the same for both mRNA species, is also shown.
891
ther members of the Siglec-3-like subgroup of Siglecs
Fig. 3). Like other members of this subgroup, SLG-S
nd SLG-L also appear to possess similar N-terminal
ignal sequences. These hydrophobic N-terminal se-
uences are evident in the hydrophobicity plots for
LG-S and SLG-L, with the hydrophobic N-terminal
equence of SLG-L being longer than that of SLG-S
Fig. 4). This is also reflected in the signal peptide
rediction results, which detects a strong signal puta-
ive signal peptide sequence only in the SLG-L protein
equence. These are followed by an N-terminal V-set
g-like domain, two in the case of SLG-L, and two
2-set Ig-like domains, similar to other Siglec-3-like
iglecs. The single transmembrane domain, predicted
y TMpred and evident in the Kyte-Doolittle hydropho-
icity plots (Fig. 4), is in keeping with observations for
ther members of this subgroup. Furthermore, we no-
iced that both SLG splice forms also contain the two
haracteristic tyrosine-based motifs, ITIM and SLAM-
ike, noted in members of the Siglec-3-like subgroup of
iglecs. Further, as is evident in Fig. 3, there is also
onservation of all the key cysteine residues that are
esponsible for the characteristic folding of the extra-
ellular Ig-like domains in all Siglecs (1, 35). With
egards to the residues believed to be responsible for
ialic acid binding there is conservation of both aro-
atic residues, however in SLG-S there is a glutamine,

nd in SLG-L there is a cysteine, in place of the other-
ise conserved arginine (36).
We also proceeded to perform a more detailed exam-

nation of the homology between both SLG splice forms
nd the other members of both the Siglec-3-like sub-
roup and the other Siglec family members. This was
chieved through the use of the BLASTP protein align-
ent tool (26). As shown in Table 1, SLG-S has over

0% similarity with Siglecs 7–9, in addition to slightly
ower homology with other members of this subgroup.

e nucleotide sequences of both splice variants, SLG-L and SLG-S,
tion are shown. The 59 untranslated region of the SLG-L mRNA

anscript is indicated by the dotted underline. Further, the predicted
here both splice variants assume the same reading frame. The 39
exon splice sites are also shown, in lowercase letters. A putative

lly above is the organization and splicing pattern for the two SLG
1, joining exon 2 as indicated by the solid line. The SLG-S mRNA

G and continues through the remaining 6 exons, as does the SLG-L
ontained in the SLG-S mRNA transcript, but absent in the SLG-L

ted by roman numerals. The location of the stop codon (TGA), which
. Th
nsla

tr
n w
on/
ica
on
AT
is c
no
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FIG. 3. Protein sequence alignment of both SLG splice variants and the Siglec-3-like subgroup of Siglecs. The sequences of both SLG-S
nd SLG-L were aligned to those of the entire Siglec-3-like subgroup of Siglecs, using the ClustalX multiple alignment tool (28). The solid
ertical lines indicate the positions of the exon boundaries, with the arrows indicating the different domains. The conserved cysteine residues
esponsible for the intra- and interdomain disulfide bonds are indicated by the star, while the triangles denote the residues believed to be
mportant for sialic acid binding, based on findings for Siglec-1. The signal peptide is indicated and is based on homology with other members
f the Siglec-3-like subgroup of Siglecs, as well as signal peptide prediction in the case of SLG-L. The Ig-like domain assignments, as well
s those for the transmembrane and cytoplasmic domains, are based on previous reports (17) and the one domain–one exon rule (45). For
he predicted transmembrane domain, the TMpred results indicate that it exists between residues 366 and 384 (based on the numbering of
he SLG-S transcript). The positions of the two tyrosine-based motifs, ITIM and SLAM-like, are indicated.
893
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LG-L also exhibits in excess of 70% homology with the
iglecs 7–9, with increased homology to Siglec-3, -5,
nd -6, compared to SLG-S.

issue Expression Profile of Two SLG Splice Variants
Through RT-PCR with a total RNA panel of 25 dif-

erent normal human tissues we examined the tissue

FIG. 4. Hydrophobicity plots of both SLG isoforms. This shows
tretches of hydrophobic amino acid residues. As is evident, there is a
s around residues 475–505 for SLG-L, which contain the predic
specially SLG-L, exhibit a smaller hydrophobic region, which like
iglec-3-like subgroup of Siglecs.
894
xpression profile of both SLG splice forms (Fig. 5).
LG-S was found to be relatively highly expressed in
pleen, small intestine and adrenal gland. Moderate to
ild expression was apparent in thyroid, placenta,

rain, stomach, bone marrow, spinal cord, and breast.
LG-L, on the other hand, exhibited relatively high

evels of expression in spleen, small intestine, and bone

regions of the putative SLG-S and SLG-L proteins which contain
rong hydrophobic region around residues 360–390 of SLG-S, as well
transmembrane region. Further, the C-termini of both proteins,

correspond to the signal peptide as seen in other members of the
the
st

ted
ly
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arrow. Further, intermediate levels of expression
ere observed in thyroid, placenta, thymus, trachea,

tomach, lung, adrenal gland, fetal brain, and testis.
he PCR products obtained were all of equal size and
orresponded to the length of the product obtained
uring the molecular characterization of the respective
LG mRNA transcript. Further, specificity was en-
ured through sequencing of RT-PCR products. In the
ase of SLG-L, where in some tissues two bands are
bserved, sequencing of both DNA bands revealed that
hey in fact are identical, and may possibly be due to
ifferent secondary structures for the same DNA se-
uence, resulting in different migration speeds.

apping and Chromosomal Localization of SLG

The contig on which we identified the SLG gene was
ocated telomeric to the Siglec-9 gene, which was orig-
nally characterized and precisely mapped in our lab-

SLG Isoform Sequence Homology wit

Siglec-3-like
subgroup member

GenBank
Accession No.

Hom

% Identity

Siglec-7 NM–014385 68
Siglec-8-L AF287892 67
Siglec-8 NM–014442 66
Siglec-9 AF135027 64
Siglec-6 NM–001245 48
Siglec-3 M23197 41
Siglec-5 NM–003830 40

1 Homology was determined using the BLASTP algorithm.

FIG. 5. Tissue expression profile of both SLG splice forms. RT-PC
s well as actin (control gene). SLG-S was found to be highly expres
and, was found to be highly expressed in spleen, small intestine, and
hese splice forms in various tissues. The molecular weights of the
espectively. The observed bands closely matched these molecular we
nd adrenal gland were found to be of identical sequence, following pu
ave been lost during reproduction of this figure.
895
ratory (14). Furthermore, this same contig contained
he Siglec-8 gene, also described by others (13) and by
ur group (17). Therefore, through EcoR1 mapping, as
escribed above, as well as the known locations of both
he Siglec-8 and -9 genes, we were able to determine
he location of the SLG gene. We found that the SLG
ene is located 32.9 kb more telomeric than the Siglec-8
ene, and approximately 363 kb downstream of the
iglec-9 gene, on chromosome 19q13.4 (Fig. 6).

hylogenetic Analysis of the Expanded Siglec Family

Phylogenetic analysis of the previously existing
embers of the Siglec family, as well as the novel
iglecs identified throughout this work (SLG-S and -L)
as accomplished through the Phylip software pack-
ge, using the UPGMA method. As is evident in Fig. 7,
he novel Siglecs we have identified are tightly clus-
ered among the other previously known members of

he Siglec-3-like Subgroup of Siglecs

y to SLG-S1 Homology to SLG-L1

% Similarity % Identity % Similarity

76 71 79
75 71 78
74 73 80
73 68 77
60 49 61
50 55 69
50 53 67

was performed on 25 tissue total RNAs, for both SLG-S and SLG-L,
in spleen, small intestine, and adrenal gland. SLG-L, on the other

ne marrow. Relatively lower levels of expression were found for both
pected cDNA bands were 991 and 1345 bp, for SLG-S and SLG-L,
ts. The multiple bands observed for SLG-S in spleen, small intestine,
cation and automated DNA sequencing. Some very faint bands may
h t
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he Siglec-3-like subgroup. In particular, the novel Si-
lecs we have identified are closely related to Siglec-7,
s well as the previously reported Siglec-8, while show-
ng a somewhat more distant relationship with
iglec-3, -5, and -6.

ISCUSSION

Through our investigations of chromosome 19q13.4
nd attempts to identify novel members of the Siglec-
-like subgroup of Siglecs, we have identified and char-
cterized a novel gene encoding two putative Siglec
plice variants, designated Siglec-like gene (SLG)-
hort (SLG-S) and -Long (SLG-L). This novel Siglec
ene was localized to chromosome 19q13.4, 32.9 kb
ownstream of the Siglec-8 gene, and approximately
70 kb telomeric to the Siglec-9 gene. The SLG gene we
ave characterized is comprised of 8 exons, with 7

FIG. 6. Physical map of chromosome 19q13.4 and the Siglec-3-lik
ap for the Siglec-3-like subgroup of Siglecs. Gene lengths are prese
rrows denote the direction of transcription.

FIG. 7. Phylogenetic analysis of the Siglec family. Phylogenetic a
long with those we identified during these investigations. As seen b
mong themselves than they do to either of Siglec-4a, Siglec-1, or
lustered, along with Siglec-7 and Siglec-8, suggesting a much great
896
ntervening introns. All intron/exon splice sites are
onsistent with the consensus sequence for splice
onor/acceptor sites (-mGTAAGT . . . CAGm-, where

is any base) (33). The SLG-S mRNA transcript con-
ists of exons 2 through 8, while the SLG-L transcript
ontains exons 1 through 8, with part of exon 2 being
emoved through splicing. The first exon of each of the
wo isoforms contains a 59 untranslated region of at
east 20 bp, while the last exon possesses a 282 bp 39
ntranslated region. The putative coding sequence of
he SLG-S transcript consists of 1736 nucleotides,
hich encode for a 477 amino acid protein with a
redicted molecular mass of 51.7 kDa. The putative
ranslation initiation codon is consistent with the
ozak consensus sequence (34). The SLG-L transcript,
n the other hand, has a 2070 bp coding sequence,
roducing a putative protein product of 595 amino
cids with a predicted molecular weight of 65 kDa.

bgroup locus. Shown schematically above is the developing physical
d below each arrow, and distances between genes are shown above.

lysis was performed for all the known members of the Siglec family
hers, the Siglec-3-like subgroup exhibits a much closer relationship

iglec-2. Siglec-9, Siglec-8-L, SLG-S, and SLG-L all appear tightly
evolutionary relationship among these members.
e su
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In the case of the SLG-L transcript, unlike that of
LG-S, there is no identifiable Kozak consensus se-
uence. However, it is the only potential initiation
odon which not only produces an extensive open read-
ng frame, but also produces a signal peptide highly
omologous to that seen in other Siglec-3-related Si-
lecs and at the same time maintains the reading
rame seen in SLG-S through exon 2 and onwards.
nterestingly, although the highly conserved purine at
osition 23 in the Kozak consensus sequence is absent,
his has been noted in a few other vertebrate mRNA
pecies as well (reviewed in 34). These mRNAs that
ack the preferred nucleotide in both key positions, 24
nd 13, encode potent regulatory proteins such as
rowth factors and cytokines. This suggests that the
bsence of strict adherence to the Kozak consensus
equence may provide a mechanism for modulating
he yield of proteins which may be harmful if overpro-
uced (34).
Examination of the tissue expression profile of both

LG transcripts revealed that SLG-S was relatively
ighly expressed in spleen, small intestine, and adre-
al gland. On the other hand, the SLG-L transcript
xhibited relatively high levels of expression in spleen,
mall intestine, and bone marrow. From this it is ap-
ears quite likely that both transcripts are expressed
n tissues, particularly spleen and bone marrow, in
hich haemopoietic cell lineages are found. This is

onsistent with findings for other members of the
iglec-3-related subgroup of Siglecs, as well as that of
ther members of the Siglec family.
Based on examination of the homology between the

utative protein products of both the SLG-S and -L
ranscripts with other known members of the Siglec-3-
ike subgroup, it is evident that this gene, and its two
soforms, likely represents the newest addition to the
xpanding Siglec-3-like subgroup of Siglecs. As is evi-
ent in Fig. 3, both SLG-S and SLG-L protein products
ontain many of the structural characteristics pos-
essed by other Siglec-3-like Siglecs discovered thus
ar. They both contain the distinctive distribution of
ysteine residues found in all Siglecs, necessary for the
nique folding pattern of their Ig-like domains (1, 35).
hey both also contains the two highly conserved aro-
atic residues believed to be involved in sialic acid

inding (36). The conserved arginine residue, which is
resent in all other Siglecs and believed to be essential
or sialic acid binding, is replaced by glutamine in the
ase of the SLG-S protein, and cysteine in the SLG-L
rotein. Given that both conserved aromatic residues,
ound to be critical for sialic acid binding by Siglec-1
37), were not so critical in the case of Siglec-9, it is
nclear what effects the absence of this conserved ar-
inine residue will have on sialic acid-dependent bind-
ng by these SLG isoforms. Studies are currently in
rogress to assess the effect these changes have on
ialic acid binding.
897
A unique feature evident in the putative SLG-L pro-
ein is the presence of an additional N-terminal V-set
g-like domain. This is the first report of a putative
iglec in which more than one N-terminal V-set do-
ain has been observed. Interestingly, the current hy-

othesis regarding the origin of this family in humans
s that it developed through the process of gene dupli-
ation and exon shuffling through the aid of chromo-
ome 19q13.1-qter-specific minisatellites (15, 38). If
his is indeed how this subgroup of Siglecs evolved,
hen it is possible that during a recombination event in
hich there was unequal exchange of genetic informa-

ion in this region of 19q13.4, a Siglec-3-like gene with
ne N-terminal V-set domain was inserted down-
tream of the first exon of another Siglec-3-like gene.
his would result in generation of a Siglec-3-related
ene capable of producing two mRNA transcripts, the
rst of which would maintain the typical arrangement
f Ig-like domains, as in the SLG-S transcript. How-
ver, an additional transcript would also be possible, in
hich transcription was initiated from the pre-existing
rst exon, yielding a mRNA encoding two N-terminal
-set Ig-like domains followed by two C2-set Ig-like
omains, as seen in the SLG-L transcript.
The cytoplasmic tyrosine-based motifs, ITIM and

LAM-like, found in all other members of the Siglec-
-like subgroup of Siglecs, with the exception of
iglec-8, are also present in our putative members of
his subgroup, SLG-S and SLG-L. These motifs have
een the focus of investigations in order to elucidate
he functional role these Siglecs play within the cell.
he primary emphasis has been on the ITIM motif,
hich has been found to be involved in recruitment of

he tyrosine phosphatases SHP1 and 2, and the inositol
hosphatases SHIP1 and 2 (22–24). Siglec-7, originally
dentified as a natural killer cell inhibitory receptor,
as found to recruit the tyrosine phosphatase SHP1

ollowing tyrosine phosphorylation of its ITIM motif,
eading to the inhibition of natural killer cell cytotox-
city (11). In addition, Siglec-3 has also been found to
ecruit SHP1 and 2, both in vitro and in vivo, as a
esult of phosphorylation of the tyrosine in its ITIM
otif (25). Further, mutation of this tyrosine results in

ncreased red blood cell binding by Siglec-3-expressing
OS cells. More recently, it has been reported that
ngagement of Siglec-7 and Siglec-3 with monoclonal
ntibodies results in the inhibition of proliferation of
oth normal and leukemic myeloid cells in vitro (39).
lthough Siglec-7 was initially thought to be expressed
xclusively in natural killer cells, it has also been
ound in myeloid cells, at a later stage of differentiation
hat Siglec-3. The observed inhibitory effects are be-
ieved to be the result of phosphorylation of the ITIM

otif present in the cytoplasmic domains of both
iglec-3 and Siglec-7. These findings suggest that re-
ruitment of SHP1 and SHP2 by members of the
iglec-3-like subgroup of Siglecs may serve to: (i) to



i
c
r

p
f
S
u
(
a
a
a
s
s
g
t
S
s
S
p
h

R

1

M. P., Bazan, J. F., Varki, A., and Kastelein, R. A. (1999) OB-

1

1

1

1

1

1

1

1

1

2

2

2

2

2

Vol. 284, No. 4, 2001 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
nhibit the activating signaling pathways that lead to
ell proliferation and survival; and (ii) to modulate the
eceptor’s ligand-binding activity (25).

The expression of Siglec-7 on myeloid cells raises the
ossibility that it too may represent a useful marker
or accurate leukemic cell typing, in addition to
iglec-3, which is currently used in the diagnosis of the
ndifferentiated form of acute myelogenous leukemia
AML) (40–42). Monoclonal anti-Siglec-3 antibodies
re already in use in phase I studies for the chemother-
peutic treatment of AML, and have shown selective
blation of malignant hematopoiesis (43, 44). The ob-
erved inhibitory effects of both Siglec-3 and Siglec-7
uggest that these molecules may represent useful tar-
ets for immunological antineoplastic therapy. By ex-
ension, given the extensive homology between both
LG splice variants and members of the Siglec-3-like
ubgroup of Siglecs, it is quite possible that SLG-S and
LG-L, putative Siglec-3-like Siglec, may also have
otential as a therapeutic target for the treatment of
ematological malignancies.
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