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The sialic acid binding immunoglobulin-like lectin
(Siglec) family is a recently described member of the
immunoglobulin superfamily. Within this Siglec fam-
ily there exists a subgroup of molecules which bear a
very high degree of homology with the molecule
Siglec-3 (CD33), and has thus been designated the
Siglec-3-like subgroup of Siglecs. The members of this
subgroup have been localized to chromosome 19q13.4,
through both in situ hybridization and precise
genomic mapping at the nucleotide level. Through the
positional cloning approach we have identified and
characterized a Siglec-like gene (SLG), a putative
novel member of the Siglec-3-like subgroup of Siglecs.
We have characterized the complete genomic struc-
ture of SLG, as well as two alternative splice variants,
and determined its chromosomal localization. The
short isoform, SLG-S, consists of seven exons, with six
intervening introns, while the longer isoform, SLG-L,
consists of eight exons and seven intervening introns.
The SLG gene is localized 32.9 kb downstream of
Siglec-8 on chromosome 19q13.4. The putative SLG-S
and SLG-L proteins, of 477 and 595 amino acid resi-
dues, respectively, show extensive homology to many
members of the Siglec-3-like subgroup. This high de-
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gree of homology is conserved in the extracellular
lg-like domains, as well as in the cytoplasmic tyrosine-
based motifs. Interestingly, the SLG-L protein con-
tains two N-terminal V-set Ig-like domains, as opposed
to SLG-S and other Siglec-3-like subgroup members
which contain only one such domain. Through RT-
PCR we have examined the expression profile of both
SLG splice variants in a panel of human tissues and
have found that SLG-S is highly expressed in spleen,
small intestine and adrenal gland, while SLG-L exhib-
its high levels of expression in spleen, small intestine,
and bone marrow. This gene is quite likely the latest
novel member of the CD33-like subgroup of Siglecs,
and given its high degree of homology, it may also
serve a regulatory role in the proliferation and
survival of a particular hematopoietic stem cell lin-
eage, as has been found for CD33 and Siglec7. o 2001
Academic Press
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Sialic acid binding immunoglobulin-like lectins (Si-
glecs) are a novel family of type | transmembrane
proteins belonging to the immunoglobulin superfamily.
They mediate protein—carbohydrate interactions through
their ability to bind sialic acid moieties found on gly-
colipids and glycoproteins (1, 2). These receptors are
characterized by the presence of an N-terminal V-set
Ig-like domain and a variable number of downstream
C2-set Ig-like domains, ranging from 1 in Siglec-3 to 16
in Siglec-1. Each of the nine members of the Siglec
family characterized in humans to date is expressed by
a specific hematopoietic cell lineage, with the exception
of Siglec-9 which is found on several cell types. Siglec-1
(Sialoadhesin) is a macrophage-restricted adhesion
molecule (3), Siglec-2 (CD22) is found on B-lymphocytes
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and regulates their activation (4), Siglec-3 (CD33) is a
myeloid-specific inhibitory receptor (5, 6), and Siglec-4a
(Myelin-associated glycoprotein, MAG) is found on myeli-
nating oligodendrocytes and Schwann cells and is in-
volved in myelin formation and maintenance (7, 8).
Siglec-5 is expressed on neutrophils (9) and Siglec-6 on
B-lymphocytes (10). Siglec-7 (AIRM1/p75) is an inhibi-
tory receptor expressed on natural Killer cells (11, 12),
while Siglec-8 is restricted to eosinophils (13), and
Siglec-9 is found on monocytes and neutrophils (14—16).

Among the Siglecs, a subgroup of proteins exist
which share a greater degree of sequence homology to
Siglec-3. This subgroup is found in a cluster on chromo-
some 19qg13.4 and includes Siglec-3, -5, -6, -7, -8, -8-L,
and -9 (14-17). These Siglec-3-like Siglecs are charac-
terized by the presence of two tyrosine-based motifs in
their cytoplasmic tails: (i) an immunoreceptor tyrosine
kinase inhibition motif (ITIM), with a consensus se-
qguence (I/L/V)xYxx(L/V) (18, 19); and (ii) a motif simi-
lar to that identified in the signaling lymphocyte acti-
vation molecule (SLAM), referred to as a SLAM-like
motif, with the sequence TxYxx(I/V) (20, 21). ITIM
motifs have been found to serve as binding sites for the
SH2 (src homology 2) domains of the SH2-domain con-
taining protein tyrosine phosphatases SHP1 and SHP2
(22, 23), as well as the SH2-domain containing inosi-
tol phosphatase SHIP1 and SHIP2 (24). The second,
SLAM-like, motif was originally identified in SLAM
and found to recruit both the SLAM-associated protein
(SAP) and the tyrosine phosphatase SHP2, both
through their SH2 domains (20, 21). The presence of
such cytoplasmic motifs capable of recruiting various
phosphatases suggests an inhibitory role for these
Siglec-3-related Siglecs in intracellular signaling path-
ways. Functional studies performed on a few members
of this subgroup appear to support this hypothesis.
Siglec-7, which was initially identified as a natural
killer cell inhibitory receptor, is able to inhibit natural
killer cell cytotoxicity upon tyrosine phosphorylation of
the ITIM motif and subsequent SHP1 recruitment (11).
Further, Siglec-3 has been shown to recruit both SHP1
and SHP2 following tyrosine phosphorylation in its
ITIM motif. For both of these receptors it has been
found that their engagement with monoclonal antibod-
ies results in the inhibition of both normal and leuke-
mic myeloid cell proliferation (25).

In this paper we describe the identification and mo-
lecular characterization of a novel putative member of
the Siglec family of genes, designated Siglec-like gene
(SLG), and two alternative mRNA splice variants. We
have determined the genomic organization of both
these splice variants, finding them to be encoded by
seven and eight exons, for SLG-Short (SLG-S) and
SLG-Long (SLG-L), respectively. We have localized the
SLG gene to chromosome 19q13.4, 32.9 kb downstream
of Siglec-8. The resultant putative SLG-S and SLG-L
proteins, of 477 and 595 amino acid residues, respec-
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tively, display a high degree of homology to Siglec-7,
-8-L, and -9. Detailed examination of their homology
with known members of the Siglec-3-like subgroup of
Siglecs shows that they possesses all the structural
features characteristic of this subgroup, including the
extracellular Ig-like domains, as well as the cytoplas-
mic tyrosine-based motifs. In the case of the SLG-L
variant, it appears to encode two N-terminal V-set
Ig-like domains, a feature not found in other Siglecs to
date. We examined the tissue expression profile of both
SLG splice variants through RT-PCR, finding that
SLG-S is highly expressed in spleen, small intestine,
and adrenal gland, while SLG-L is highly expressed in
spleen, small intestine, and bone marrow.

MATERIALS AND METHODS

Identification of the Siglec-like gene (SLG). Based on the high
degree of homology among the Siglec-3-like subgroup of Siglecs, in
both the extracellular Ig-like domains as well as the cytoplasmic
tyrosine-based motifs, we screened the human expressed sequence
tag (EST) database with these sequences, using the BLAST align-
ment tool (26). Any matching ESTs we identified were obtained from
the 1.M.A.G.E. consortium through Research Genetics Inc. (Hunts-
ville, AL). These clones were then propagated according to the sup-
pliers instructions, purified, and sequenced from both directions with
an automated sequencer, using the flanking T3 and T7 vector prim-
ers. Further, we obtained genomic sequence derived from BAC clones
which cover the area of chromosome 19q13.4, believed to contain the
Siglec-3-like subgroup locus, from the Lawrence Livermore National
Laboratory (LLNL) Human Genome Center. We utilized the BLAST
alignment tool to determine the exact location of any EST identified
above in this genomic sequence. We then proceeded to investigate
the genomic sequence surrounding the EST sequence with an exon
prediction program, Grail2Exons (27).

Cloning and molecular characterization of two SLG splice forms.
Based on the alignment of the EST and the exon prediction results,
we proceeded to design sets of primers to be used with reverse
transcription-coupled polymerase chain reaction (RT-PCR) in order
to determine the exact sequence of the SLG mRNA species. This
design allowed for the production of overlapping RT-PCR fragments,
thus enabling us to determine the entire mRNA sequence. Based on
results from RT-PCR with a panel of human tissues (see below), we
used bone marrow as the tissue with which to work with. Bone
marrow cDNA was prepared as described below. The primer combi-
nations which we used were: (i) SLG-F3: 5-AGGAAGCCTC-
TGCCTCAGAG-3', and SLG-R3: 5'-CCTTCATCCTTCACATGCAC-
3'; and (ii) SLG-F2: 5'-ATCACTCGCTCCTCGATGCT-3’, and SLG-
R2: 5’-TCTCTCCTTCCTCTGGGGAG-3'. Due to the high degree of
homology, even at the nucleotide level, among the Siglec-3-like sub-
group of Siglecs, we utilized semi-nested PCR, to ensure we were
amplifying the correct mMRNA species, using the above forward prim-
ers, SLG-F3 and SLG-F2, and the nested reverse primers SLG-R3N
(5'-GAGGACTGTGAGGGGCTCAG-3’) and SLG-R2N (5'-GATTC-
AATCAGGGGTCC-3'), respectively. The PCR conditions were as
follows: 2.5 units HotStarTaq polymerase (Qiagen, Valencia, CA), 1X
PCR buffer with 1.5 mM MgCl, (Qiagen), 1 ul cDNA, 200 uM dNTPs
(deoxynucleoside triphosphates), and 200 ng of primers, using the
Mastercycler gradient thermocycler (Eppendorf Scientific, Inc.,
Westbury, NY). The temperature profile was: denaturation at 95°C
for 15 min followed by 94°C for 30 s, annealing at 62°C for 30 s, and
extension at 72°C for 1 min, for a total of 35 cycles, followed by a final
extension at 72°C for 10 min. The PCR product was subjected to
electrophoresis on a 2% agarose gel containing ethidium bromide.
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The PCR products were extracted from the gel and the purified DNA
was directly sequenced using an automated sequencer.

During our examination of this genomic area through exon predic-
tion, an additional putative upstream exon was also identified, which
also possessed a signal peptide and Ig-like sequence highly homolo-
gous to existing members of the Siglec-3-like subgroup of Siglecs. In
order to examine the possibility of an additional upstream exon with
a slightly different signal peptide and Ig-like sequence, we designed
a forward PCR primer specific for this exon, lying within its 5’
untranslated region. This upstream primer, SLG-FU (5’-TGGCAC-
CTCCAACCCGACAC-3'), was used in combination with the reverse
primer SLG-R3 for RT-PCR, under identical conditions to those
described above. The PCR product was subjected to electrophoresis
on a 2% agarose gel containing ethidium bromide. The resultant
DNA bands were extracted from the gel, purified, and directly se-
quenced using an automated sequencer.

Following final characterization of both the SLG mRNA sequences
as well as the genomic organization for SLG, the putative protein
products were determined. These protein sequences were then
aligned with those of the other known members of the Siglec-3-like
subgroup of Siglecs using the ClustalX multiple alignment tool (28).
Shading of similar and identical residues was accomplished using
the BOXSHADE alignment shading program (http://www.ch.embnet.
org/software/BOX—form.html). Further, the SLG protein sequences
were examined for the presence of transmembrane domains, with
both TMpred (29) and through their Kyte—Doolittle hydrophobicity
profile (30). The presence of putative signal peptides was examined
through the use of the SignalP v1.1 signal peptide prediction pro-
gram (Nielsen et al., 1997).

Tissue expression of two SLG splice variants. The tissue expres-
sion profile for both SLG alternative splice forms was elucidated by
performing RT-PCR using total RNA from 25 normal human tissues
(Clontech, Palo Alto, CA). The PCR primers used were SLG-F3 and
SLG-R3, and SLG-FU and SLG-R3, for the short and longs forms of
SLG, respectively. The PCR conditions were the same as those de-
scribed above, and reverse transcription was performed using Super-
Script 11, according to the manufacturer’s instructions (Gibco BRL,
Gaithersburg, MD). The temperature profile for the PCR was iden-
tical to that described previously. From the cDNA that was produced
we also performed a PCR for actin, as described elsewhere (31), as a
control for cONA quality.

Mapping and chromosomal localization of SLG. As indicated
above, the SLG gene was identified in the genomic sequence from a
BAC clone covering chromosome 19q13.4. We subjected the sequence
encompassing the SLG gene to the Webcutter restriction analysis
tool to determine the size of the resultant EcoR1 fragments. We then
compared these results to the published EcoR1 map for chromosome
19 (32), which is also available through the LLNL Human Genome
Center. In addition, the SLG mRNA sequences were aligned with the
final genomic sequence from this BAC clone (GenBank Accession No.
AC020914) using the BLASTN nucleotide alignment program, allow-
ing for precise localization of all exons. Further, by knowing the
precise 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
examine the evolutionary relationship among the members of the
Siglec family, including the novel members identified in this work,
we proceeded to perform phylogenetic analysis. This was achieved,
initially, through use of the ClustalX multiple alignment tool, utiliz-
ing the protein sequence for all the human Siglec family mem-
bers and those of SLG-S and -L. Phylogenetic analysis was then
performed with the Phylip software package, through the use of
ClustalX and a distance matrix. Parsimony trees were constructed
using neighborhood-joining, UPGMA, and protpars parsimony meth-
ods. Selection of the appropriate tree was based on which of these
was consistent with the findings by other groups (15).
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RESULTS
Identification of the Siglec-like Gene (SLG)

Our screening for ESTs homologous to previously
published members of the Siglec-3-like subgroup re-
vealed the presence of an EST (GenBank Accession No.
Al132995) which showed extensive homology to the
tyrosine-based motifs found in the cytoplasmic tail of
other members of this subgroup. This EST was then
compared to genomic sequence derived from BAC
clones covering chromosome 19q13.4. We identified one
clone, CTD-3073N11, which contained this EST in the
form of three exons. Subsequent exon prediction using
the genomic sequence from this clone indicated the
presence of an additional four putative exons.

Cloning and Molecular Characterization
of Two SLG Splice Forms

Based on the results of exon prediction, followed
by verification through RT-PCR and sequencing, we
cloned and fully characterized the entire mRNA struc-
ture of SLG-Short (SLG-S). Through alignment with
the genomic sequence we determined the precise
genomic organization of the SLG gene. We found that
this mMRNA species, similar to our findings for Siglec-8
and -9 (14, 17), is encoded by seven exons, with six
intervening introns. The first two predicted exons men-
tioned above were found to be a single exon, based on
our experimentally defined mRNA sequence. Further,
the exon prediction did not detect the third exon, which
was identified through RT-PCR. The lengths of the
exons which encode the SLG-S mRNA are 474, 279, 48,
270, 97, 97, and 471 bp (Fig. 1). All intron/exon splice
sites are closely related to the consensus splice sites
(-mGTAAGT ... CAGmM-, where m is any base) (33).

The proposed open reading frame for the SLG-S
MRNA transcript consists of 1736 bp, which results in
a 477 amino acid protein, with a molecular weight of
51.7 kDa, excluding any posttranslational modifica-
tions. The translation initiation codon (ATG), located
at position 21 (based on the numbering of our GenBank
submission) was chosen for two reasons: (i) the se-
guence surrounding this initiation codon conforms to
the Kozak consensus sequence for translation initia-
tion, especially with the most highly conserved purine
at position -3 (34); (ii) with this translation initiation
codon the resultant protein product shows extensive
homology with other members of the Siglec-3-like sub-
group of Siglecs (see below), as well as the fact that no
other initiation codon was found that produced a long,
continuous open reading frame. The first exon contains
a 5’ untranslated region of at least 20 bp, while in the
seventh (last) exon there is a 3’ untranslated region of
282 bp. Through the presence of a poly dA tail at the 3’
end of the EST, we were able to identify the end of the
SLG-S mRNA transcript.
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TGGCACCTCCAACCCGACACATG CTA CTG CTG CTG CTA CTG CTG CCA CCC CTG CTC TGT GGG AGA GTG GGG

M L L L L L L LPPILILTCGI RV G
GCT AAG GARA CAG AAG GAT TAC CTG CTG ACA ATG CAG AAG TCC GTG ACG GTG CAG GAG GGC CTG TGT
A K E QKDY L L TM QK S VTV QEGTLC
GTC TCT GTG CTT TGC TCC TTC TCC TAC CCC CAA AAT GGC TGG ACT GCC TCC GAT CCA GTT CAT GGC
v $S v L ¢ S F S Y P QNGWTAS D P V HG
TAC TGG TTC CGG GCA GGG GAC CAT GTA AGC CGG AAC ATT CCA GTG GCC ACA AAC AAC CCA GCT CGA
Y W F R AGDHVS RDNTIU®PVATNNUPAR
GCA GTG CAG GAG GAG ACT CGG GAC CGA TTC CAC CTC CTT GGG GAC CCA CAG AAC AAG GAT TGT ACC
AV Q E ETURDI R FHTILTLGDPQNIZ KD C T
CTG AGC ATC AGA GAC ACC AGA GAG AGT GAT GCA GGG ACA TAC GTC TTT TGT GTA GAG AGA GGA AAT
L s I RDTW RUESDAGT YV F CVEIRGN
ATG ARA TGG AAT TAT AAA TAT GAC CAG CTC TCT GTG AAT GTG ACA Ggtaa....INTRON l....acag

M K wNY K YD QL S VN VT

AGGAAGCCTCTGCCTCAGAGATG CTG CTG CCC CTG CTA TGG GCA AAT GAA GAG AGG GAC AGT GGG GGC TGG

TCG GTG ACT GTG CAG GAG GGT CTG TGT GTC TCT GTG CCC TGC AGT GTC CTT TAC CCC CAT TAC AAC
s v T VvV Q E GGL CV s VvV PpPpCS VL Y P HYN
TGG ACT GCC TCT AGC CCT GTT TAT GGA TCC TGG TTC ARG GAA GGG GCC GAT ATA CCA TGG GAT ATT
W T A S S P VY G S WU FKEGATDTIU?PWDI
CCA GTG GCC ACA AAC ACC CCA AGT GGA AAA GTG CAA GAG GAT ACC CAC GGT CGA TTC CTC CTC CTT
PV ATNTUP S G KV QEDTHGI R F L L L
GGG GAC CCA CAG ACC AAC AAC TGC TCC CTG AGC ATC AGA GAT GCC AGG AAG GGG GAT TCA GGG AAG
G DP QT NN CSUL S I RDAIRIKTGU D S G K
TAC TAC TTC CAG GTG GAG AGA GGA AGC AGG ARA TGG AAC TAC ATA TAT GAC AAG CTC TCT GTG CAT
Y Y F Q Vv.E RGSU RIKWNYTIYDIE KL S VH
GTG ACA Ggtaa....INTRON 2.... cagCC CTG ACT CAC ATG CCC ACC TTIC TCC ATC CCG GGG ACC CTG
v T AL T HMU®PTUF S I P G T L
GAG TCT GGC CAC CCC AGG AAC CTG ACC TGC TCT GTG CCC TGG GCC TGT GAA CAG GGG ACG CCC CCC
E S G HPRNULTT CSVPWATCEU QGT PP
ACG ATC ACC TGG ATG GGG GCC TCC GTG TCC TCC CTG GAC CCC ACT ATC ACT CGC TCC TCG ATG CTC
T I T WM GA SV S S LDUPTTITI RS S ML
AGC CTC ATC CCA CAG CCC CAG GAC CAT GGC ACC AGC CTC ACC TGT CAG GTG ACC TTG CCT GGG GCC

s LI P Q©PQDHGTSLTOCOQVTILUPGA

GGC GTG ACC ATG ACC AGG GCT GTC CGA CTC BAC ATA TCC Tgtga....INTRON 3.... cagAT CCT CCT
G vTMT®RAVYV RL NI S Y P P
CAG AAC TTG ACC ATG ACT GTC TTC CAA GGA GAT GGC ACA Ggtaa....INTRON 4.... cagCA TCC ACA
Q N L T M TV F Q G D G T A S T

ACC TTG AGG AAT GGC TCG GCC CTT TCA GTC CTG GAG GGC CAG TCC CTG CAC CTT GTC TGT GCT GTIC

T L R NG S AL S VL EGOQ S L HILV CAV
GAC AGC AAT CCC CCT GCC AGG CTG AGC TGG ACC TGG GGG AGC CTG ACC CTG AGC CCC TCA CAG TCC

DS NP PAURULSWTWSGSULTIL S P S O S
TCG AAC CTT GGG GTG CTG GAG CTG CCT CGA GTG CAT GTG AAG GAT GAA GGG GAA TTC ACC TGC CGA

S NL GV L EULPU RV HV KDESGEUFTCR
GCT CAG AAC CCT CTA GGC TCC CAG CAC ATT TCC CTG AGC CTC TCC CTG CAA AAC GAG TAC ACA Ggt

A QNP L G S QQHTI SL SL SL NZE YT

gg....INTRON 5....cagGC AAA ATG AGG CCT ATA TCA GGA GTG ACG CTA GGG GCA TTC GGG GGA GCT
G K MUR?PTI S GV TULGA AT FGG A
GGA GCC ACA GCC CTG GFC TTC CTG TAC TTC TGC ATC ATC TTC GTT GTgtga. ...INTRON 6....cagA

G A TAULVFLYJFCTITIUF VYV
GTG AGG TCC TGC AGG AAG AAA TCG GCA AGG CCA GCA GTG GGC GTG GGG GAT ACA GGC ATG GAG GAC

v R S CRIEKI KSA ARUPAV GV GDTTGME D
GCA AAC GCT GTC AGG GGC TCA GCC TCT CAG gtga....INTRON 7....cag GGA CCC CTG ATT GAA TCC

A N A V R G S A S Q G P L I E S
CCG GCA GAT GAC AGC CCC CCA CAC CAT GCT CCG CCA GCC CTG GCC ACC CCC TCC CCA GAG GAA GGA

p A DDS?PPHHAPUPA AL ATPS P EE G
GAG ATC CAG TAT GCA TCC CTC AGC TTC CAC AAA GCG AGG CCT CAG TAC CCA CAG GAA CAG GAG GCC

E I 9 Y A S LS FHIE KA ARUPUOQYUPOQEQE A
ATC GGC TAT GAG TAC TCC GAG ATC AAC ATC CCC AAG TGA GAAACTGCAGAGACTCAGGCCTGTTTGAGGGCTCA

I G Y EY S ETIDNT P K *

CGACCCCTGCAGCAARGAAGCCCGAGACTGATTCCTTTAGAATTARCAGCCCTCCATGCTGT Al CATCAGAACTTATTCC
TCTTGTCAAACTGAAAATGCGTGCCTGATGACCAAACTCTCCCTTTCTCCATCCAATCCGTCCACACTCCCCGCCCCCGECCTCTEE
TACCCACCATTCTCTTCTCTACTTCTCTGAGGTCGACTATTTTAGGTTCCARRYATAGTGAGATCGTA T
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FIG. 2. Genomic organization of the SLG gene. Shown schematically above is the organization and splicing pattern for the two SLG
mRNA transcripts we identified. The SLG-L transcript begins at exon 1, joining exon 2 as indicated by the solid line. The SLG-S mRNA
transcript begins at the beginning of exon 2, with its corresponding ATG and continues through the remaining 6 exons, as does the SLG-L
transcript. The shaded region denotes the nucleotide sequence that is contained in the SLG-S mRNA transcript, but absent in the SLG-L
transcript. The sizes of the exons are indicated, with introns being denoted by roman numerals. The location of the stop codon (TGA), which

is the same for both mRNA species, is also shown.

Through our examination of the additional putative
upstream exon encoding an alternate signal peptide,
we discovered that this produces an alternative mRNA
species which differs from the SLG-S mRNA at its 5’
end (Fig. 1). This novel SLG transcript, designated
SLG-Long (SLG-L) is comprised of 8 exons, with 7
intervening introns. Through nucleotide alignment of
this mMRNA species with the genomic sequence from the
BAC clone, we were able to determine the exon bound-
aries for this alternative splice form as well. The first
exon present in the SLG-L mRNA is at least 447 bp in
length, including at least 20 bp of 5 untranslated
sequence, with a second exon of 381 bp. These 381 bp of
the second SLG-L exon are identical to those of the
SLG-S mRNA transcript. However, in the case of
SLG-S, these are part of its first exon, which extends at
least 93 bp, including at least 20 bp of 5’-untranslated
sequence, upstream of the splice site for SLG-L (Fig. 2).
The remainder of the SLG-L mRNA sequence is iden-
tical to that of SLG-S. As in the case of SLG-S, the
SLG-L mRNA splice sites are all closely related to the
consensus splice sites, as described above.

The putative protein product derived from the
SLG-L mRNA transcript is composed of 2070 bp, pro-
ducing a protein product of 595 amino acid residues,
with a predicted molecular weight of 65.0 kDa, exclud-
ing post-translational modifications. The translation
initiation codon (position 21 in the SLG-L GenBank
submission) was chosen because it is the only reading
from which produces a continuous open reading frame,
maintaining this frame after splicing and assuming
identity with the SLG-S mRNA sequence. Further, this
open reading frame exhibits extensive homology to
known members of the Siglec-3-related subgroup of
Siglecs.

Examination of both SLG-S and SLG-L protein se-
guences revealed that they are highly homologous to

other members of the Siglec-3-like subgroup of Siglecs
(Fig. 3). Like other members of this subgroup, SLG-S
and SLG-L also appear to possess similar N-terminal
signal sequences. These hydrophobic N-terminal se-
guences are evident in the hydrophobicity plots for
SLG-S and SLG-L, with the hydrophobic N-terminal
sequence of SLG-L being longer than that of SLG-S
(Fig. 4). This is also reflected in the signal peptide
prediction results, which detects a strong signal puta-
tive signal peptide sequence only in the SLG-L protein
sequence. These are followed by an N-terminal V-set
Ig-like domain, two in the case of SLG-L, and two
C2-set Ig-like domains, similar to other Siglec-3-like
Siglecs. The single transmembrane domain, predicted
by TMpred and evident in the Kyte-Doolittle hydropho-
bicity plots (Fig. 4), is in keeping with observations for
other members of this subgroup. Furthermore, we no-
ticed that both SLG splice forms also contain the two
characteristic tyrosine-based motifs, ITIM and SLAM-
like, noted in members of the Siglec-3-like subgroup of
Siglecs. Further, as is evident in Fig. 3, there is also
conservation of all the key cysteine residues that are
responsible for the characteristic folding of the extra-
cellular 1g-like domains in all Siglecs (1, 35). With
regards to the residues believed to be responsible for
sialic acid binding there is conservation of both aro-
matic residues, however in SLG-S there is a glutamine,
and in SLG-L there is a cysteine, in place of the other-
wise conserved arginine (36).

We also proceeded to perform a more detailed exam-
ination of the homology between both SLG splice forms
and the other members of both the Siglec-3-like sub-
group and the other Siglec family members. This was
achieved through the use of the BLASTP protein align-
ment tool (26). As shown in Table 1, SLG-S has over
70% similarity with Siglecs 7-9, in addition to slightly
lower homology with other members of this subgroup.

FIG. 1.

Nucleotide and protein sequences of both SLG isoforms. The nucleotide sequences of both splice variants, SLG-L and SLG-S,

which we verified experimentally, along with their amino acid translation are shown. The 5’ untranslated region of the SLG-L mRNA
transcript is indicated by the solid underline, while that of the SLG-S transcript is indicated by the dotted underline. Further, the predicted
SLG-S protein is indicated by the broken underline, until the codon where both splice variants assume the same reading frame. The 3’
untranslated region is indicated by the double underline. The intron/exon splice sites are also shown, in lowercase letters. A putative
polyadenylation signal is also indicated by the shaded sequence.
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S:Lgnal Peptide I-> v + + V-set Domain
SLG-Long 1 ML LLLLPPLLCbRVGAKEQKDYLLTMQKSVTVQEGLCVSVLCSFSYPQNGWTASDPVHGYWFRAGDHV
SLG-Short 1 —-=—=—-MARSBRANEERDS@GWADPRF S——————————————————— - m
Siglec-9 1 ———MBARABASBAHER F R AR @O T SK~—— — = e e e e e e e
Siglec-8-L 1 -M IRRAABNSARNE T KGME - @DROYG—————————————m
Siglec-8 1 —M i ARAARHIRRHE T KGME ~[BDROY G— === == = = = = — e e e e e
Siglec-7 1 —-MABAARREBAIERE RVE - @§OKSNR——————————————m e
Siglec-6 1 --MEpP—IRAREARY, — - - ——— AT AQE——————— === ——
Siglec-5 1 —-MCIARARSBRE — — — — — (€S T, QF K —— — = = = = e e e e
Siglec-3 1 ——-MPIAABARSARN — — — — — (@A T AMD —— =~ — = == e e e e e e
+ v v
SLG-Long 71 SRNIPVATNNPARAVQEETRDRFHLLGDPQNKDCTLSIRDTRESDAGTYVFCVERGNMKWNYKYDQLSVN
SLG-Short 24 m e e e e e e e e —————
Siglec-9 2 m e
Siglec-8-L 2D e e e e e e
Siglec-8 2 e ————————
Siglec-7 2 m
Siglec-6 18 — e e
Siglec-5 10 ——
Siglec-3 10 — e e e e
r> M + + V-set Domain
SLG-Long 141 VTASQDLLS 7RI
SLG-Short 24 -TASQDLLS
Siglec-9 22 ———m——————
Siglec-8-L 25 —w-—— Y
Siglec-8 25 —-==—-
Siglec~7 24 ——-mm—-- !
Siglec-6 18 === ] 7 i ————
Siglec~5 19 ———————- ]
Siglec-3 19 —=-—==———- f VPFwFFHPIPY§DKNS -
SLG-Long
SLG-Short
Siglec-9 PNV TEE TR FEILLGDP
Siglec-8-L DREVQHETQPRFQLLGDI
Siglec-8 D H
Siglec-7
Siglec-6 DEEVQEET'GRFHLLWDPRR NCSLSIRDAP”
Siglec-5 VERETOGRE] a
Siglec-3

SLG-Long 272
SLG-Short 154
Siglec-9 143

Siglec-8-L 154 G 3 QGTPPIISW
Siglec-8 154 THRPDILILGTLESGHSNNLTCSVPWAC QGTPPRIISW,
Siglec-7 147
Siglec-6 134
Siglec-5 143

Siglec-3 142

SLG-Long 342
SLG-Short 224

Siglec-9 213 FIZENS ‘HLNVSYPPQNLTMTVFQGDGTusT L
Siglec-8-1, 224 [® T LBV SYPPENLTMTVEQGDIRTAS TEL
Siglec-8 224 ; ] VSYPPENLTMTVFQGD%TASTRL
Siglec-7 217 V) QGTADTRL
Siglec-6 202

Siglec-5 213
Siglec-3 212
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+

C2-set Domain

SLG-Long AR 3 DEGEFTCRAQNPLGSQHISLSLSLONENMT Gttt
SLG-Short DEGEFTCRAQNPLGSQHISLS LS LON T iy
Siglec-9 7 S [S3 e 7 I
Siglec-8-L GSQHISLSLSL % ------
Siglec-8 ‘ g, GSQHISLSLSLOIEET G ——
Siglec-7 ARLS VH GDEGEFTCRAQN LGSQH“SLILSL ——————
Siglec-6 3 T CRAORIP LGS T S L S iR ot ey o
Siglec-5 i

Siglec-3

C2-set Domain
SLG-Long 40— e e e e e e e e e e e e e e e e e e e e e e e e e e

SLG-Short 352 =-——m- oo
Siglec-9 343 ——————m e e —
S1glec—8-L 302 o e e e
Siglec-8 352 m e e
Siglec-7 34— o e e e e e e e s
Siglec-6 32D e e e e e e e e
Siglec-5 347 EGLHCRCSFRARPAPSLCWRLEEKPLEGNSSQGSFKVNSSSAGPWANSSLILHGGLSSDLKVSCKAWNIY
Siglec-3 25—

Transmembrane Domain

SLG-Long 470 -—-—=————-—- —SGVTLGAFFGAGATALVFLYFC%IF RSCRKKSARPA‘GVGDTGMEDANH
SLG-Short 352 —mmmmmm——— K VRSCRKKSARPAMGVGDTGMEDA]
Siglec-9 343 —-—mmmmmmo - GV TRGH

Siglec-8-L 352 -------—~- GVGDTGMEDARE
Siglec-8 352 —mmmmm———
Siglec~-7 344 ———mm—
Siglec-6 329
Siglec-5 417 GSQSGSVLLLQ PSNLG?GV

Siglec-3 253

(VRSCRKKSARPAR
MR Maveeacararfirirc 4837 - 1
—SGVLLGAVGGAGATALVFLSFC$IF§—y

p

- EYTLFAVGGAGATALHFLSFCEIF

SLG-Long 527

SLG-Short 409
Siglec-9 395
Siglec-8-L 409
Siglec-8 409

Siglec-7 401
Siglec-6 379
Siglec-5 487 TSGQRKKPWPDSPGDQA

Siglec-3 307 SPRHOKNSKRHGPTETSECSC-MARTYEM -~ - - BEAHFEXINFEG

SLG-Long = —moomoomso—m—m—mme—e—ee
SLG-Short = —==mmmmmememmmee—mmmeo
Siglec-9 = mom-mmmmmmmo e
Siglec-8-L 478 RETAETQACLRNHNPSSKEVRG
Siglec-8 = s-mmmmmmmmmmmmm—————
Siglec-7 = semmmmmmmmmmmm———————
Siglec-6 = —-mmmmmmm—m—meo—mee
siglec-5 = smmmmmmmmmmmmmmmmee o
Siglec-3 = —-mmmmmmmmmmmmmmm———eo

FIG. 3. Protein sequence alignment of both SLG splice variants and the Siglec-3-like subgroup of Siglecs. The sequences of both SLG-S
and SLG-L were aligned to those of the entire Siglec-3-like subgroup of Siglecs, using the ClustalX multiple alignment tool (28). The solid
vertical lines indicate the positions of the exon boundaries, with the arrows indicating the different domains. The conserved cysteine residues
responsible for the intra- and interdomain disulfide bonds are indicated by the star, while the triangles denote the residues believed to be
important for sialic acid binding, based on findings for Siglec-1. The signal peptide is indicated and is based on homology with other members
of 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
as those for the transmembrane and cytoplasmic domains, are based on previous reports (17) and the one domain—one exon rule (45). For
the predicted transmembrane domain, the TMpred results indicate that it exists between residues 366 and 384 (based on the numbering of
the SLG-S transcript). The positions of the two tyrosine-based motifs, ITIM and SLAM-like, are indicated.
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FIG. 4. Hydrophobicity plots of both SLG isoforms. This shows the regions of the putative SLG-S and SLG-L proteins which contain
stretches of hydrophobic amino acid residues. As is evident, there is a strong hydrophobic region around residues 360-390 of SLG-S, as well
as around residues 475-505 for SLG-L, which contain the predicted transmembrane region. Further, the C-termini of both proteins,
especially SLG-L, exhibit a smaller hydrophobic region, which likely correspond to the signal peptide as seen in other members of the

Siglec-3-like subgroup of Siglecs.

SLG-L also exhibits in excess of 70% homology with the expression profile of both SLG splice forms (Fig. 5).
Siglecs 7-9, with increased homology to Siglec-3, -5, SLG-S was found to be relatively highly expressed in

and -6, compared to SLG-S.

spleen, small intestine and adrenal gland. Moderate to
mild expression was apparent in thyroid, placenta,

Through RT-PCR with a total RNA panel of 25 dif- SLG-L, on the other hand, exhibited relatively high
ferent normal human tissues we examined the tissue levels of expression in spleen, small intestine, and bone
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TABLE 1
SLG Isoform Sequence Homology with the Siglec-3-like Subgroup of Siglecs

Homology to SLG-S*

Homology to SLG-L*

Siglec-3-like GenBank
subgroup member Accession No. % ldentity % Similarity % ldentity % Similarity
Siglec-7 NM-014385 68 76 71 79
Siglec-8-L AF287892 67 75 71 78
Siglec-8 NM-014442 66 74 73 80
Siglec-9 AF135027 64 73 68 77
Siglec-6 NM-001245 48 60 49 61
Siglec-3 M23197 41 50 55 69
Siglec-5 NM-003830 40 50 53 67

* Homology was determined using the BLASTP algorithm.

marrow. Further, intermediate levels of expression
were observed in thyroid, placenta, thymus, trachea,
stomach, lung, adrenal gland, fetal brain, and testis.
The PCR products obtained were all of equal size and
corresponded to the length of the product obtained
during the molecular characterization of the respective
SLG mRNA transcript. Further, specificity was en-
sured through sequencing of RT-PCR products. In the
case of SLG-L, where in some tissues two bands are
observed, sequencing of both DNA bands revealed that
they in fact are identical, and may possibly be due to
different secondary structures for the same DNA se-
guence, resulting in different migration speeds.

Mapping and Chromosomal Localization of SLG

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

Thyroid
Placenta
Skeletal Muscle
Thymus

Uterus

Trachea
Stomach
Kidney
Prostate

Colon
Brain

SLG-S

SLG-L

Actin

oratory (14). Furthermore, this same contig contained
the Siglec-8 gene, also described by others (13) and by
our group (17). Therefore, through EcoR1 mapping, as
described above, as well as the known locations of both
the Siglec-8 and -9 genes, we were able to determine
the location of the SLG gene. We found that the SLG
gene is located 32.9 kb more telomeric than the Siglec-8
gene, and approximately 363 kb downstream of the
Siglec-9 gene, on chromosome 199q13.4 (Fig. 6).

Phylogenetic Analysis of the Expanded Siglec Family

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

v °
5 2 g

. EOEE—E
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FIG. 5. Tissue expression profile of both SLG splice forms. RT-PCR was performed on 25 tissue total RNAs, for both SLG-S and SLG-L,
as well as actin (control gene). SLG-S was found to be highly expressed in spleen, small intestine, and adrenal gland. SLG-L, on the other
hand, was found to be highly expressed in spleen, small intestine, and bone marrow. Relatively lower levels of expression were found for both
these splice forms in various tissues. The molecular weights of the expected cDNA bands were 991 and 1345 bp, for SLG-S and SLG-L,
respectively. The observed bands closely matched these molecular weights. The multiple bands observed for SLG-S in spleen, small intestine,
and adrenal gland were found to be of identical sequence, following purification and automated DNA sequencing. Some very faint bands may
have been lost during reproduction of this figure.
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FIG. 6. Physical map of chromosome 19q13.4 and the Siglec-3-like subgroup locus. Shown schematically above is the developing physical
map for the Siglec-3-like subgroup of Siglecs. Gene lengths are presented below each arrow, and distances between genes are shown above.

Arrows denote the direction of transcription.

the Siglec-3-like subgroup. In particular, the novel Si-
glecs we have identified are closely related to Siglec-7,
as well as the previously reported Siglec-8, while show-
ing a somewhat more distant relationship with
Siglec-3, -5, and -6.

DISCUSSION

Through our investigations of chromosome 19g13.4
and attempts to identify novel members of the Siglec-
3-like subgroup of Siglecs, we have identified and char-
acterized a novel gene encoding two putative Siglec
splice variants, designated Siglec-like gene (SLG)-
Short (SLG-S) and -Long (SLG-L). This novel Siglec
gene was localized to chromosome 19q13.4, 32.9 kb
downstream of the Siglec-8 gene, and approximately
370 kb telomeric to the Siglec-9 gene. The SLG gene we
have characterized is comprised of 8 exons, with 7

intervening introns. All intron/exon splice sites are
consistent with the consensus sequence for splice
donor/acceptor sites ((mGTAAGT ...CAGmM-, where
m is any base) (33). The SLG-S mRNA transcript con-
sists of exons 2 through 8, while the SLG-L transcript
contains exons 1 through 8, with part of exon 2 being
removed through splicing. The first exon of each of the
two isoforms contains a 5’ untranslated region of at
least 20 bp, while the last exon possesses a 282 bp 3’
untranslated region. The putative coding sequence of
the SLG-S transcript consists of 1736 nucleotides,
which encode for a 477 amino acid protein with a
predicted molecular mass of 51.7 kDa. The putative
translation initiation codon is consistent with the
Kozak consensus sequence (34). The SLG-L transcript,
on the other hand, has a 2070 bp coding sequence,
producing a putative protein product of 595 amino
acids with a predicted molecular weight of 65 kDa.

+SLG~Long
! +SLG-Short

+Siglec-8-1,
+----1
! ! ! +Siglec-8
! +--4
+-=7 ! +---Siglec-7
+--3
+---Siglec-9

FIG. 7. Phylogenetic analysis of the Siglec family. Phylogenetic analysis was performed for all the known members of the Siglec family
along with those we identified during these investigations. As seen by others, the Siglec-3-like subgroup exhibits a much closer relationship
among themselves than they do to either of Siglec-4a, Siglec-1, or Siglec-2. Siglec-9, Siglec-8-L, SLG-S, and SLG-L all appear tightly
clustered, along with Siglec-7 and Siglec-8, suggesting a much greater evolutionary relationship among these members.
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In the case of the SLG-L transcript, unlike that of
SLG-S, there is no identifiable Kozak consensus se-
guence. However, it is the only potential initiation
codon which not only produces an extensive open read-
ing frame, but also produces a signal peptide highly
homologous to that seen in other Siglec-3-related Si-
glecs and at the same time maintains the reading
frame seen in SLG-S through exon 2 and onwards.
Interestingly, although the highly conserved purine at
position —3 in the Kozak consensus sequence is absent,
this has been noted in a few other vertebrate mRNA
species as well (reviewed in 34). These mRNAs that
lack the preferred nucleotide in both key positions, —4
and +3, encode potent regulatory proteins such as
growth factors and cytokines. This suggests that the
absence of strict adherence to the Kozak consensus
sequence may provide a mechanism for modulating
the yield of proteins which may be harmful if overpro-
duced (34).

Examination of the tissue expression profile of both
SLG transcripts revealed that SLG-S was relatively
highly expressed in spleen, small intestine, and adre-
nal gland. On the other hand, the SLG-L transcript
exhibited relatively high levels of expression in spleen,
small intestine, and bone marrow. From this it is ap-
pears quite likely that both transcripts are expressed
in tissues, particularly spleen and bone marrow, in
which haemopoietic cell lineages are found. This is
consistent with findings for other members of the
Siglec-3-related subgroup of Siglecs, as well as that of
other members of the Siglec family.

Based on examination of the homology between the
putative protein products of both the SLG-S and -L
transcripts with other known members of the Siglec-3-
like subgroup, it is evident that this gene, and its two
isoforms, likely represents the newest addition to the
expanding Siglec-3-like subgroup of Siglecs. As is evi-
dent in Fig. 3, both SLG-S and SLG-L protein products
contain many of the structural characteristics pos-
sessed by other Siglec-3-like Siglecs discovered thus
far. They both contain the distinctive distribution of
cysteine residues found in all Siglecs, necessary for the
unique folding pattern of their Ig-like domains (1, 35).
They both also contains the two highly conserved aro-
matic residues believed to be involved in sialic acid
binding (36). The conserved arginine residue, which is
present in all other Siglecs and believed to be essential
for sialic acid binding, is replaced by glutamine in the
case of the SLG-S protein, and cysteine in the SLG-L
protein. Given that both conserved aromatic residues,
found to be critical for sialic acid binding by Siglec-1
(37), were not so critical in the case of Siglec-9, it is
unclear what effects the absence of this conserved ar-
ginine residue will have on sialic acid-dependent bind-
ing by these SLG isoforms. Studies are currently in
progress to assess the effect these changes have on
sialic acid binding.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

A unique feature evident in the putative SLG-L pro-
tein is the presence of an additional N-terminal V-set
Ig-like domain. This is the first report of a putative
Siglec in which more than one N-terminal V-set do-
main has been observed. Interestingly, the current hy-
pothesis regarding the origin of this family in humans
is that it developed through the process of gene dupli-
cation and exon shuffling through the aid of chromo-
some 19qg13.1-qgter-specific minisatellites (15, 38). If
this is indeed how this subgroup of Siglecs evolved,
then it is possible that during a recombination event in
which there was unequal exchange of genetic informa-
tion in this region of 19913.4, a Siglec-3-like gene with
one N-terminal V-set domain was inserted down-
stream of the first exon of another Siglec-3-like gene.
This would result in generation of a Siglec-3-related
gene capable of producing two mRNA transcripts, the
first of which would maintain the typical arrangement
of Ig-like domains, as in the SLG-S transcript. How-
ever, an additional transcript would also be possible, in
which transcription was initiated from the pre-existing
first exon, yielding a mRNA encoding two N-terminal
V-set Ig-like domains followed by two C2-set Ig-like
domains, as seen in the SLG-L transcript.

The cytoplasmic tyrosine-based motifs, ITIM and
SLAM-like, found in all other members of the Siglec-
3-like subgroup of Siglecs, with the exception of
Siglec-8, are also present in our putative members of
this subgroup, SLG-S and SLG-L. These motifs have
been the focus of investigations in order to elucidate
the functional role these Siglecs play within the cell.
The primary emphasis has been on the ITIM motif,
which has been found to be involved in recruitment of
the tyrosine phosphatases SHP1 and 2, and the inositol
phosphatases SHIP1 and 2 (22—-24). Siglec-7, originally
identified as a natural killer cell inhibitory receptor,
was found to recruit the tyrosine phosphatase SHP1
following tyrosine phosphorylation of its ITIM motif,
leading to the inhibition of natural killer cell cytotox-
icity (11). In addition, Siglec-3 has also been found to
recruit SHP1 and 2, both in vitro and in vivo, as a
result of phosphorylation of the tyrosine in its ITIM
motif (25). Further, mutation of this tyrosine results in
increased red blood cell binding by Siglec-3-expressing
COS cells. More recently, it has been reported that
engagement of Siglec-7 and Siglec-3 with monoclonal
antibodies results in the inhibition of proliferation of
both normal and leukemic myeloid cells in vitro (39).
Although Siglec-7 was initially thought to be expressed
exclusively in natural killer cells, it has also been
found in myeloid cells, at a later stage of differentiation
that Siglec-3. The observed inhibitory effects are be-
lieved to be the result of phosphorylation of the ITIM
motif present in the cytoplasmic domains of both
Siglec-3 and Siglec-7. These findings suggest that re-
cruitment of SHP1 and SHP2 by members of the
Siglec-3-like subgroup of Siglecs may serve to: (i) to
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inhibit the activating signaling pathways that lead to
cell proliferation and survival; and (ii) to modulate the
receptor’s ligand-binding activity (25).

The expression of Siglec-7 on myeloid cells raises the
possibility that it too may represent a useful marker
for accurate leukemic cell typing, in addition to
Siglec-3, which is currently used in the diagnosis of the
undifferentiated form of acute myelogenous leukemia
(AML) (40-42). Monoclonal anti-Siglec-3 antibodies
are already in use in phase | studies for the chemother-
apeutic treatment of AML, and have shown selective
ablation of malignant hematopoiesis (43, 44). The ob-
served inhibitory effects of both Siglec-3 and Siglec-7
suggest that these molecules may represent useful tar-
gets for immunological antineoplastic therapy. By ex-
tension, given the extensive homology between both
SLG splice variants and members of the Siglec-3-like
subgroup of Siglecs, it is quite possible that SLG-S and
SLG-L, putative Siglec-3-like Siglec, may also have
potential as a therapeutic target for the treatment of
hematological malignancies.
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