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Abstract SCM-1/lymphotactin is a chemokine-like molecule
produced selectively, if not exclusively, by activated CD8* T
cells. Here we report that there are two highly homologous
SCM-1 genes, which we designate as SCM-I¢ and SCM-1p.
Both genes have three exons and two introns. The 1st intron of
SCM-1c contains a pseudogene of the ribosomal large subunit
L7a. In SCM-18, a 1.5-kb region including about a quarter of
the L7a pseudogene is deleted from the 1st intron. Otherwise, the
two genes are highly homologous including the 5’ and 3’ flanking
regions. Both genes were mapped to human chromosome 1¢23.
The two genes were similarly induced in peripheral blood
mononuclear cells by mitogenic stimulation. Primer extension
and RNase protection revealed several transcription initiation
sites. The biological activities of SCM-1c. and SCM-1p, which
have two amino acid differences at positions 7 and 8 in the
mature proteins, remain to be compared.
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1. Introduction

The tissue accumulation of various leukocytes is a major
sign of inflammatory responses. It is now known that struc-
turally related 8-10-kDa heparin-binding polypeptides, collec-
tively called chemokines, are secreted from various types of
cells upon proinflammatory stimulation and play roles in re-
cruitment and activation of different subsets of leukocytes
[1,2]. Chemokines are currently divided into two subfamilies,
the CXC (or ) and CC (or B) ones, depending on whether
the first two conserved cysteines in the mature peptide se-
quences are separated by a single amino acid or adjacent.
The two subfamilies also differ in their target cell selectivity;
the CXC chemokines are mainly chemotactic for neutrophils,
whereas the CC chemokines are mainly chemotactic for
monocytes and also for basophils, eosinophils, and lympho-
cytes with variable selectivity. The genes for the CXC chemo-
kines and those for the CC chemokines are separately clus-
tered on human chromosome 4q21-q23 and 17qll-q2l,
respectively [1,2].

Previously, we identified a novel secretory protein from a
library of human phytohemagglutinin (PHA)-stimulated per-
ipheral blood mononuclear cells (PBMC) by using an efficient
signal sequence trap based on an Epstein-Barr Virus vector
[3]. The molecule, which we designated as single cysteine mo-
tif-1 (SCM-1), is significantly related to chemokines, especially
to the CC subfamily, but retains only the 2nd and the 4th of
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the four cysteines conserved in other chemokines. SCM-1 also
carries a C-terminal sequence 20-30 amino acids longer than
those of other chemokines. Its gene segregated with human
chromosome 1 in somatic hybrid cell lines [3]. Furthermore,
SCM-1 was found to have a strong sequence similarity to a
newly described murine protein lymphotactin (60.5% identity
at the amino acid level) [4]. Lymphotactin was isolated from a
murine pro-T cell cDNA library, found to be induced in
CD8* T cells and CD4-CD8~ thymocytes upon mitogenic
stimulations, and shown to be chemotactic for lymphocytes
but not for monocytes or granulocytes [4]. Subsequently, the
human homologue of lymphotactin was isolated and identical
to SCM-1 [5]. Human lymphotactin was shown to be pro-
duced mainly by activated CD8* T cells and to induce chem-
otactic responses and Ca®* flux in lymphocytes but not in
monocytes [5].

As a first step toward gaining an understanding of molecu-
lar mechanisms regulating the SCM-1 gene expression, we
isolated genomic clones hybridizing with the SCM-1 cDNA.
Unexpectedly, we found two highly homologous SCM-1
genes. These genes, termed SCM-Ia and SCM-IB, were
both mapped to human chromosome 1¢23 and similarly in-
duced in PBMC by mitogenic stimulation.

2. Materials and methods

2.1. Cells

Various human lymphoid cell lines and HeLa were routinely main-
tained in our laboratory [6]. PBMC were isolated from heparinized
venous blood from healthy adult donors using Ficoll-Paque (Pharma-
cia, Uppsala, Sweden). Cells were stimulated with 1/100 PHA (Life
Technologies, Inc., Grand Island, NY), 50 ng/mi of PMA (Sigma, St.
Louis, MO), or anti-CD3 antibody preadsorbed onto plastic dishes.

2.2. Blot analyses

Southern blot analysis was carried out essentially as described pre-
viously [7]. Briefly, genomic DNA was digested with indicated restric-
tion enzymes, gel-fractionated, and blotted onto a Hybond N+ filter
membrane (Amersham Japan, Tokyo). Filters were prehybridized in a
solution of 5XSSPE, 10X Denhardt’s solution, 50% formamide, 2%
SDS and 100 pg/ml of salmon sperm DNA at 42°C for 1 h and
hybridized overnight in the same buffer containing the SCM-1
cDNA labeled with [*?P]dCTP using a Multiprime DNA Labeling
System (Amersham Japan). After washing at 60°C in 0.1 X SSC and
0.1% SDS, filters were subjected to autoradiography. Filters for hu-
man allele frequency determination were purchased from BIOS Lab-
oratories (New Haven, CT). Northern blot analysis was carried out as
described previously [3].

2.3. Isolation and sequencing of the genomic clones

A human whole blood genomic library in Lambda Dash II was
purchased from Stratagene (La Jolla, CA). About 10° plaques were
prehybridized in a solution of 5XSSC, 5X Denhardt’s solution, 50%
formamide, 0.5% SDS and 100 pg/ml of salmon sperm DNA at 42°C
for 1 h and hybridized overnight in the same buffer containing the
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32P-Jabeled SCM-1 ¢cDNA. After washing at 60°C in 0.1 XSSC and
0.1% SDS, plaques that were positive on duplicate filters were pur-
ified. Seven independent clones were isolated. Inserts were mapped by
digestion with restriction enzymes and hybridization with the SCM-1
¢DNA. Two clones contained a 5.3-kb EcoRI fragment and five
clones contained a 3.8-kb EcoRI1 fragment, both hybridizing with
the SCM-1 cDNA. The 5.3-kb EcoRI fragment from clone hgd0
and the 3.8-kb EcoRl fragment from clone hg44 were subcloned
into pBluescript I1 (Stratagene), and sequential deletions were gener-
ated using Deletion kit (Takara Shuzo, Kyoto, Japan). Nucleotide
sequences were determined using AutoRead Sequencing kit and
A.L.F. DNA Sequencer (Pharmacia). The exons, exon-intron junc-
tions, 5’ flanking sequences, and 3’ flanking sequences were deter-
mined on both strands.

2.4. Chromosomal in situ hybridization

This was carried out essentially as described previously {8]. The 5.3-
kb EcoRI1 fragment containing the SCM-Ia gene and the 3.8-kb
EcoRI fragment containing the SCM-1f gene were labeled using bio-
tin-16-dUTP and Nick Translation kit (Boehringer Mannheim), com-
bined with sheared human DNA, and hybridized to bromodeoxyuri-
dine-substituted human metaphase chromosomes derived from PHA-
stimulated PBMC. Biotin-labeled DNA was detected by fluorescein
isothiocyanate (FITC)-conjugated avidin (5 pg/ml). Chromosomal
identification was done by simultaneous staining with 4,6-diamidino-
2-phenylindole (DAPI) and propidium iodide (PI), which produced
characteristic low contrast G-like patterns and high contrast R-like
patterns, rtespectively. The hybridizing loci were determined by the
FITC and PI images.

2.5. Reverse transcription-polymerase chain reaction

To detect transcripts from the two SCM-1 genes, reverse transcrip-
tion-polymerase chain reaction (RT-PCR) [9] was carried out using
Superscript PreAmplification System (Gibco-BRL, Gaithersburg,
MD). First strand ¢cDNAs were synthesized from 0.5 pg of mRNA
using oligo(dT) primer. PCR was carried out by 35 cycles of dena-
turation at 94°C for | min, annealing at 55°C for 1 min and extension
at 72°C for 2 min. In order to normalize cDNA templates, samples
in 10-fold dilutions were first amplified with primers for glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) (+5'-AGTCAGCCG-
CATCTTCTTTGC-3 and —5-CTCCTGGAAGATGGTGATGG-
GA-3’). Subscquently, normalized ¢cDNA templates were amplified
using primers complementary to both of the SCM-1 nucleotide se-
quences (+5-TCAGCCATGAGACTTCTC-3' and —5-TAATTT-
TATTCATGCAGTGCTTTCATA-3). After amplification, PCR
products were purified using a PCR Prep kit (Promega, Madison,
WI) and electrophoresed on a 2% GTG agarose gel containing ethi-
dium bromide either directly or after digestion with PmaCl (Takara
Shuzo). PCR was also carried out using a sense primer specific for the
SCM-1o¢ nucleotide sequence (+5'-GGGAGTGAAGTCTCAGA-
TAA-3") or the SCM-If nucleotide sequence (+5'-GGGAGT-
GAAGTCTCACATAG-3') and an antisense primer common to
both the SCM-1o and SCM-18 nucleotide sequences (see above).

2.6. Mapping of transcriptional initiation sites

Primer extension analysis was carried out as described previously
[7]. In brief, an oligonucleotide primer (5'-CCTTCCACAATGTATG-
CAGTGAGAGAGCAGATGCC-3"), which was complementary to
both SCM-/o and SCM-I13 mRNA, was labeled at the 5’ end with
[y-*PJATP using T4 polynucleotide kinase (Takara Shuzo). Poly(A)*
RNA samples were prepared from Hut78, Jurkat and BALL-1, all
stimulated with PHA+PMA for 24 h. Each RNA sample (3 pg) was
annealed with the labeled primer and incubated with Superscript II
reverse transcriptase (Gibco-BRL). The extension products were elec-
trophoresed on a 6% denaturing polyacrylamide gel along with se-
quencing products generated using the same primer.

RNase protection was also carried out essentially as described pre-
viously [7]. In brief, a 228 bp fragment of the SCM-/a gene including
the 154 bp upstream of the translation initiation site was amplified by
PCR using primers +5-TTAAGAAAAATAAAAGC-3" and -5'-
CCTTCCACAATGTATGCAGTGAGAGAGCAGATGCC-3', and
subcloned into the pCRII vector (Invitrogen, San Diego, CA). The
construct was then linearized at the 5’ end of the insert by Xhol, and
transcribed in vitro by the T7 promoter to generate 3’P-labeled anti-
sense RNA. Poly(A)" samples were prepared from Hut78, Jurkat and
BALL-1. all stimulated for 24 h with PHA + PMA. Each RNA
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sample (3 pg) was mixed with the probe (5X10° cpm) in 20 pl of
hybridization buffer (80% formamide, 40 mM PIPES, pH 6.5, 400
mM NaCl and 1 mM EDTA), denatured at 90°C for 5 min, and
incubated at 50°C for 18 h. Following hybridization, samples were
incubated with RNase A and RNase T1 at 37°C for 40 min. RNA was
fractionated on a 6% polyacrylamide gel containing 8 M urea and
detected by autoradiography.

3. Results and discussion

3.1. Cloning and genomic organization of two SCM-1 genes

We screened a human whole blood genomic library with the
SCM-1 cDNA and isolated seven independent positive clones.
Two clones contained a 5.3-kb EcoRI fragment and five
clones contained a 3.8-kb EcoR1 fragment. The entire nucleo-
tide sequences of a clone hgd0 containing the 5.3-kb EcoRI
fragment and a clone hg44 containing the 3.8-kb EcoRI frag-
ment were determined. Each clone was found to contain a
complete SCM-1 gene. The SCM-1 gene in the 5.3-kb EcoRI
fragment which corresponded to the reported SCM-1 cDNA
[3] was named the SCM-/a gene. The other gene, present in
the 3.8-kb EcoRI fragment, was named the SCM-/f3 gene. We
consider the SCM-1f3 gene also functional because its coding
regions have no base changes generating stop codons or frame
shifts, and the coding regions match exactly to a minor species
of lymphotactin cDNA that had been presumed to encode an
allelic form of lymphotactin {5].

The organization of the two SCM-1 genes 1s depicted sche-
matically in Fig. 1, and the entire nucleotide sequences are
presented in Fig. 2. Both genes are composed of three exons
interrupted by two introns located at the same positions. The
sequences of the exon-intron junctions conform to the con-
sensus sequences of the eukaryotic splice junctions [10]. The
two genes are highly homologous except for the 1.5-kb se-
quence present only in the Ist intron of the SCM-/o gene
(indicated by lower-case letters in Fig. 2A). Computer analysis
revealed that the Ist intron of the SCM-Ia gene contains an
insert of 889 bp showing 83% homology to the coding se-
quence of the L7a/Surf-3 gene which encodes the ribosomal
large subunit L7a (Figs. 1 and 2A) [11,12]. This L7a sequence,
being oriented in the opposite direction, is obviously a pseu-
dogene with multiple in frame stop codons. It is known that
multiple copies of the L7a pseudogenes exist in various mam-
malian genomes [11,12]. In the SCM-/f gene, a 1.5-kb frag-
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Fig. 1. Schematic representation of the organization of the two
SCM-1 genes. Shaded boxes represent coding regions, open boxes
denote noncoding regions, and filled boxes correspond to the L7a
pseudogene sequence. The arrow indicates the orientation of the
L7a pseudogene.
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AAGCTTCTATAAATGTGTATGTTAAGTTCTAATAAMAGCAACACATGCATGTAGACATGC TTAAACAGTTATTTAATTGTTTCTTGGG TACCTGGGGAGATGGGG TGAAGAAAGGGGGGT  -550
GACTTGAATGAAGGTGGAGGAGAAMAATGAGAACCAAGAAAGCAAAGGATCGAGAAGCTCAGTGTGGCAGCAGCTCTCTTCCCCTCCTGAGAGAGTCAAAGGGTGGCATCAGGGACTCAT  -430
GATCCATGGTTGTGGAAGCCTCATGTCACACTGGATGTCACATGAGGTGGGATGGAACACAGTGACCACCCCACCTCATTTCCTTTACAGCTTCCGTGETGGGCCATGGCAGTCAACACC  -310
TTCAGGCATGTCTACGGCGGAATATCTGAATTCAGGC TGGTGGCAGGAGACAACACAACCACGTTTTCTTTTATGCATGCATTTGGYTTAATTGACACATTAACCACAGACAAAGGGGTA  -190
AAGGCCACAAGGCGTTAGGTTAGTATGAACAGGGAAMAGGGACTTTTTTTTTTTTTTTTAAGAAAAATAAAAGCATCAGTAT TGCAAAGACTTTCCATGATCCTACACCCACCTCGAAAG -7¢
(CCC(TCT[AC(ACAGWGTGCACTGACCA(TGGAGG(ATAMAGAGGT(CTCAMGAGCC(GAT(CWCY((TTG(A(AG(T(AG(AGGA((T(AG((ATCAGA(TTCT(AY(CT S1
M R L L TIL

GGCCCT(CTTGGCATCTGCTCT(T(A(TG(AYA(ATTGTCGMCQIMGTGGAGMGCTGTCTGTGAGATMAGM(AGGGAGG(MGG(AGGYGGG(ACA(ATTTTCGGTTTGACT(AG 171
At L G C L E

GTTATGACTGGACTAATCTGCTTTCCCCAGGGGAGCCTYAMCTTCCCATGTGCAAGAAAGGAATGATGATTTTGACTGTAGAGGGC TTCGTAAACTTC CAAAACAGGGAGAATTTGATT 291
AGTATCTOGGCTCCTACTTTTCCTAATTGGGTAATTTCAGGTAAATTCCTTAACCACTCAGGGCCTGTGCTTATTTATGTATAACTGAATAGTATAACAGAC TTGATCACCTGAGATTAA 411
GATTAAATAAATATTATGGTTTATTYAATAACATCAGATTTCCTTACAAGCAGTAATTTTTTGATTAATGTTAGC TATGGATTAGAGGTGATGATTATAAATGCATTTGTAGGTTTTGCC 531
CATTTAATATAT? GTTTGATAAATTATCAAAATCTTAGAGAGTTCAGTYACGATGTGGGGATGCACCATTGGATGTATGTTCTGGAGTAMATCAATGTTTTCAATACAMAQ aagecce 651
agatgactggaagttcaaacctteatgtccagasaatcaatattaccttcaagtacgtgggggactctgttagtaatgccatgactattactatttatgogonattttetgtitttgtan 771

toctacc: gatcagcaccttatacocagttcaatanacctgcoagacacatccaggtoagattcagatateccgogeccttacctgageattcagta 891
ggtatttettaaggattgatttttcctatgactggaggtgaotctgtcgacttotttgtgttctagttggtoggcttattocttogactatgatat tataacttaatoatgggtccccon 1211
ggggttccatgoatoaoggtggctaagtctggoay’ tgaocattatgg: ¢ actga ttgattoctacottaggccacatgtigctacctgge 1131
tggcattttgctgag ggcotaccattty tcagatctgogtagggg gctctatoagtcccoctggtgettagettcttacatacanaaatgagggaaaacg 1251
gtctctgetttgactcoottttgeaacctgagty attt gacactcooacattgetgacaatoaggaaanggetttgtggtttcaageataacaggott 1371
ccctgagtcttoggagtccacttcagatacttc: tgtttcttaaat ccogatttttcctctttcattggctacagooocaattca 1491

ccactaaaoatoaattggcaoaggtagaggatagcaatgtgcagoctggcattgagogtgoagoaatgatgoagaaaagcacacaatgaacactctttgtttogtcccttgctttacnan 1611
atgccttctgatattogcaacactacogaccaatgttggccottotcagtggttactttagatgetttttagetgectatttccctgggoagcaangaccagtgtctacagctoaggaga 1731

aaatcagcacttagaaacttggattogotttcacccancecttaacagtattaattctceccangttatttttcctcatgcaatgtttttttgatt 1351
ttgggccattactattggggatgcatatttaogggctgocttccttttatatatatettaccttttaccatttottaattttttggagagtetttpttatttttatgtacagaoaacteal 1871

cagtgtacatttoocccagtitogtggcaagttcctctgactttgetatttccagetiggcattgtgogccacagattttggactcgggacattgcagotctcatcatatecgtcattg) 2891
aotttgtcetgatagettccaccagettagecagagetactttgtettectggttaacTTGTGTGAAGGCCACAGTGGTGCTTCCTGTGGACTGGATGTCCCAGTCTTGCCTTCTTACC| 221t
KCTTGATAATGCATTAAGGGACCCCCCATTTTAGGACACAGGACAGACAGAAAGTTAACCAGCT TGATGGGGTCCACACCATGTGCAATACCAGCTGAGCCTTCTTCTTTTCCAGCAAGG] 2331
[TGGTGATAGTGTTAACCCCTGCTCAAAGAACAGGTGATTTCCTAGTGGGGACAACCCCTTTGCTAGCAGCTTTCTTCTCAGCCTGGGCCAACAGTCTCTGCTTCTTCTCTTGLTTTGTCY[ 2451
CTGGTCAGTACTTGTGGATCAGCTTAAGTGGCTGAGTAGCTGTTTGGGGGTCTAAGGC TTGGGTGAACTGGTTAATGGCAGAAGGCACTTYCAGCTGCTTATAGAGGATAGCTCTTTGCA 2571
GCTGGAACCAGATATAGCGGGGCCATTTCACAAAGCAGCGGAGGTCCCTTTTGGGCTGGATGTCCTGTCCAATGCCTGCCTAAGAAMACTCTTAGGCCTTTTCYCACACAGCGOTTTCAT) 2691
ACTIYCTTAGCCTCCTGCTT Al A T ACT ATCT A TTAGGCAGCTOACAGAGAGAGACRTTTGACCATTTAAA 2811
AAGGAGAACACCTTTATTTAGTCTGTCAAAAGCATGCTTCCTTCCCTCACTGAATGTTGCCTTGCCTAGAGTACTCYTCACGCATTACTCTGTCTTCTCACTATGGTACTGTAACATGTT 2931
GCACTATTTGAAATGATCTTTTCTGTTTGCCTGTCYGCTGCCTGGCTCCTTCATGAGAGAGATATGC TCTATGAAAACAGGAGTAATGTCTGCTTAGTAAAACATGTCGGACACAACAGG 3051
CACCATTGTATAAATGAATGAATGCGTGTCACTGGGGCATTTGCTAGCCGTCCCAAATGTCTAAGTGAARATATACACAGAGACGGGATAACATCTTGTTATTTTCTCTCAGCATGAAAT 3171
TCCTGAAACAATTCTGTTGATTGAGTTTTTAAATTAGTCAAATAT TTACTAAGAATCTGTGACGGGCAAGAGATTCGGGATGCCTATCAGTCCTCTCTTCCCCCAAAMAGCAAATGGCCT - 3291
TAMTTCTCACAACATTCTCAGAGTAATTTAACAGATGATTGTTCCTGTGATCTGGATAATTGCTTTATTTYTAATTGTCTGTTGTTTTTTTITCCTCACCAGGTGTAGGGAGTGAAGTC 3411
vV &GS EV

YCAGATMGAEGACCTGTGYGAGCCTEA(YACCCAG(M(TCC(GGTYAGCAGMTCMGACCTACA((ATCACGGMGGCTCCTTGACAGCAGTMTGTGACT(TGCCTC(TCAGAAGT 3531
S DKRTCVSLTTQR PY SRIKTYTITETSGSTLRAY

TGTGCTGGGTGGGTAT(TAGMGTATAGMAYACA(T(TGTAGMATG(TG(CGTCCTCAGGMAAGTAGGTCAG(ATAGAGCM(A((YCMCTTMCCAAMACCTCTTTAGTTTTCC 3651
TTATCAATCATGTCTTTCTGCAGCCCAACCGAATAGCGATTATTGCAGAAATTGGGC TGCCAAAGAAAGAATAGAAGTCCTCCTCTATTTAGCTTAGTGGAAGAGTCTGTTGAATACTGY 3771
GCACAGCTCTGAGACCTGGGTTTAGAGATGACTGGCCCATGTCAGGG TTTCCCTGCAAGCCTCACTGGAGTTGGGGGATCTTAGGGTTGAGTCAGGCAGAGTCCCATACTTTTATCAGTT 3891
GCCATATTTCAAGAAAATGAGTCAATGCACAACCTACATGGTCCCTTCTTCTACCAGAATCTCATTTTTAGAAGTTAATAACTCYTCTCAACATGTAATTGCAAGCTTTACTCTAAAAAA 4811
TGAAAATGTAAAAATCACTTTTTATTTAAMAAATAAGATGAATATTTTTAAATTTGAAMAGGAAGAGGTTATGTAATAATGGAACTAGTTGGCCTCAAAGTCTTTTTGTTACAACATTIG 4131
GTGACATGGATGAGAAAAGGACCCTGTGAATTATTGTGAACAAAGGGGCTGGATACTACTTGCAGATATTACTCCTTTATGTTAAAATAGATGGCAGAAGAAGGGTACTCATTTATGATC 4251
TCATGGCTCTGAAAGACTATTTCTTGCAGTAATTTCTGCACAAGATC TCTTCATGTCTGCCKTGATCTTAACTCCTGACCCTGAGGC TTTGAGAATGTGGCTAACTTCGTCTGTCTTTTC 4371
CTTGCGTTACAGTTTTATTACCAAACGTGGCCTAAMAGTCTGTGCTGATCCACAAGCCACATGGGTGAGAGACGTGGTCAGGAGCATGGACAGGAAATCCAACACCAGAAATAACATGAT 4491

F I TKRGLIKYVYCADPQATWNYRDVYVYRSMDRIKSNTITRNINKM
CCAGACCAAGCCAACAGGAACCCAGCAATCGACCAATACAGCTGTGACTCTGACTGGCTAGTAGTCTCYGGCACCCTGTCCGTCTCCAGCCAGCCAGCTCATTTCACTTTACACGCTCAT 4611
TKPTGT QQSTNTAVILTG®"

GGACTGAGYTTATACTCACCTTTTATGAAAGCACTGCATGAATAAA ATTATTCCTTTGTATTTTYACTTTTAAATGTCTTCTGTATYCACTTATATGTTCTAATTAATAAA TTATTTA 4731
TTATTAAGAATAGTTCCCTAGTCTATTCATYATATTTAGGGAAAGGTAGTGTATCATTGTTGTTTGATTTCTGACCTTGTACCTCTCTTTGATGGTAACCATAATGGAAGAGATTCTGGL 4851
TAGTGTCTATCAGAGGTGAAAGCTATATCAATCTCTCTTAGAGTCCAGCTTGTAATGGTTCTTTACACATCAGTCACAAGTTACAGCTGTGACAATGGCAACAATTTGAGATGTATTTCA 4971
ACTTGTCTCTATAATAGAATTC 4993

B -667
AMGCTTCTATAAATGTGTATGTTAAGT TGTAATAAAGCAAACACATGCATGTAAGACATGCTTAAACAGTTATTTAATTGTTTCTTGGGTACCTGGGGAGATGGGGTGAAGAAAGGGLGG  -548
TGACTTGAATGAAGGTGGAGGAGAAAAATGAGAACCAAGAAAGCAAAGGATCGAGAAGC TCAGTGTGGCAGCAGCCTCYCTTCCCCTCCTGAGAGAGTCAAAGGGTGGCATCAGGGACTC  -428
ATGATCCATGGTTGTGGAAGCCTCATGTCACACTGGATGTCACATGAGGTGGGATGGAACACAGTGACCACCCCACCTCATTTCCTTTACAGCYTCCGTGGGGGCCATGGCAGTGAACAG  -308
CCTTCAGGCATGTCTACGGTGGAAGATCTGAATTCAGGCTGGTGGCAGGAGACAACACAACCACGTTTICTTTTATGCATGCATTTGGYTTAATTGACACATTAACCACAGACAAAGGGG  -188
TAAAGGCCACAAGGCGATAGGTTAGTATGAACAGGGAAAGGGACATT TTYTTTTTTTAAGAAAATAAAAGCATCAGTATTGCAAAGACTTTCCATGATCCTATACCCACCTCGARAGCC  -68
CCCT(Y(A(CACAGWGTGCA(l'GA((ATTGGAGG(ATMMGAGATC(TCW“GCCCGATC(W(TC(CYGCA(AGCTCAG(GGGACCT(AGC(ATGAGAG’TCYCAT(CTGG S3
+ L LI L
CCCTCCTTGGCATCTGCTCYCTCACTGCATACATTGTGGAAGGTAAGTGGAGAAGC TGTCTGTGAGATAAAGAATAGGGAGGCAAGGCAGGTGGGCACACATTTTGGGTTTGACTCGGGT 173
ALLGICSLTAYTIVE
TYTGACTGGAC TAAACTGCTGTCTCCAGGGGAGCCTTAAACTTCCCATGTGCAAGAAAGGAATGATGATTTTGACTGTAGAGGGCTTCGTAAACTTCCAAAACAGGGAGAATTTGATTAG 293
TATCTGGGCTCCTACTTTTCCTAATTGGGTAATTTCAGGTAAATTCC TTAACCACTCAGGGCCTGTGCTTATTTATGTATAAACTGAATAGAATAAGAGACATGATCACCTGAGATTAAG 413
ATTAAATAAATATTATGGTTTATTTAATAACATCAGATTTCCTTACAAGCAGTAATTTTTTGAT TAATGTTAGCTATGGATTAGAGGTGATGATTATAAATGCATTTGTAGGITTIGCCC 533
ATTTAATATATAGTTTGATAAATTATCAAAATCYTAGAGAGTTCAGT TACAATATGGGGATGCACCAGAGGATCTATGTTCTGGAGCAAATCAATGTTTTCAATACAARACATGTGTGAA] 653
AGCTTGATG| 773
GGTCCACACCATGTGCAATCACTACCAGC TGAGACTTCTTGTTTTCCAGCAAGGTGGTGATGATGTTAACCCCTGCTCAAAGAACAGGTGATTTCCTAGTGGGGACAACCCCTTTGCTAl 893
IGCAGCTTTCTTCTCAGECTGGGCCAACAGTCTCTGLTTCTTCTCTTGCTTTGTCTCTGGTCAGTACTTGTGGATCAGCTTAAGTGGCTGAGTAGCTGTTTGGGGGTCTAAGGCTTGGGTG 1013
IAACTCGTTAATGGCAGAAGGCATTTTCAGCTGCTTATAGAGGATAGC TCTTTGCAGCTGGAACCAGATATAGCGGGGCCATT TCACAAMGCAGTGGAGGTCTCTTTTGGGCTGCATGTCCH 1133
GTCCAATGCCTGCCTAAGAAAACTCTTAGGCCTTTTCTCACACAGCGGTTTCATCACTTTCTTAGCCTCCTGCTTCCTCACGACGGCAGGGACTGGGCCACCTTCTTITCCTTTGGLLTT| 1253
(TTT(TYYTCAG(AT(TTAGGCAG(YGACAGAGAGGGWii CACCATTTAAAAAGCGGAACACCTTTATTTACTCAG TCAAAAGLATGCTTCCTTCCCTCACTGAATGTTGECTIGLC 1373
TAGAGTACTCTYCACGCATTACTCTGTCATCTCACT TATGGTACTGTAACATGTTGCACTATTTGAAATGATCTTTTCTGTTYGCCTGTCTGCTGCCTGGCTCCCTCATGAGAAGATATG 1493
CTCTATGAAAACAGGGATAATGTCTGTCTTAATAAMACATGTGGGACACAACAGGCACCATTGTATAAATGAATGAATGLGTGTCACTGGGGCATTTGCTAGCCGTCCCAMATGTCTAAG 1613
TGAAAATATACACAGAGACGGGATAACATC TTGTTATTTTCTCTCAGCATGAAATTCCTGAAACAATTCTGTTGATTGAGTTTTTAAATTAGTCAAATATTTACTAAGAATCTGTGACGG 1733
GCAAGAGATTCGGGATGCCTATCAGTCCTC TCTTCCCCCAAMMAGCARATGGCCTTATATTCTCACAACATTCTCAGAGTAATTTAACAGACGATTGTTCCTGTGATCTGGGTAATTGCT 1853
TTATTITTAATTGTCTGTTGYTTTTTTTTCCTCATCAGGTGTAGGGAGTGAAGTCTCACATAGGAGGACCTGTGTGAGCCTCACTACCCAGCGACTGCCAGTTAGCAGAATCAAGACCTA 1973
G v VSHRRTCVSLTTQRLPVSRTIKTY
CACCATCACGGAAGGCTCCTTGAGAGCAGTAATGTGAGTCTGCCTCCTCAGAAGTTGGGCTGGGTGGGTACCTAGAGGTATAGAAATACACTCTATAGAAATGCTGCCATCCTCAGGAAR 2093
T 1 TEGSLRAVI
AGTAGGTCAGCATAGAGGAACACCTCAACT TAACCAAAAACCTCTTTAGTTTTCCTTATCAACCATGTCTTTCTGCAGCCCAACCGAATAGCGATTATTGCAGAAATTGGGCTGCCAAAG 2213
AAAGAATAGAAGTCCTCCTCTATTTGTCTTAGTGGAAGAGTCTGTTGAATACTGTGCACAGCTCTGAGATCTGGGTTTAGAGATGGCTGGCTCATGTCAGGGTTTCCCTGCAAGCCTCAC 2333
TG6GAGTTGGGGGATCTTAGGGTTGAGTTAGGCAGAGTCCCATACTTTATCAGTTGCCATATTTCAAGAAAATGAGTCAATGCACAACCTACATGGTCCCTTTCTTCTACCAGAATCTCAT - 2453
TTTTAGAAGTAATAACTCTTCCCAATACATATTGCAAGC TTTGC TCTAAAGAATGAAAATGTAAAAATCACCTTTTTAAMAAAAAATAAGATGAGTATTTTCAAATTTGAAAAGGAAGAGG 2573
TTATATAATAATGGAACTAGATGGCCTCAAATGTCTTTTTGTTACAACATTTGGTGACATGGATGAGAAAAGGAGCCTGTGAATTATGGTGAACAAAGGGGCTGGATACTACTTGCAGAT 2693
ATTTCTCCTTTATGTTAAMATAGATGGCAGAAGAAGGGTGCTCATTTATGATCTCATGGC TCTGAAAGACTATTTCTTGCAGTAATTTCTGCACAAGATCTCTTCATGTCTGCCCTGATC 2813
TTMCT((YCA(((YGAGG(TTTGAGAA(GTGGCTMCTTCATCTG'ICTTTTC(TTG(GTTACAGTT]’TATTACCAAA(GTGGCCTMMGT(TGTGCTGAYCCACMGC(A(GIGGGTG 2933
TKRGLKV CADPQATWNWY
AGAGACGTGGTCAGGAGCATGGACAGGAAATCCAACACCAGAAATAACATGATCCAGACCAAGCCAACAGGAACCCAGCAATCGACCAATACAGCTGTGACCCTGACTGGCTAGTAGTCT - 3053
ROV VRSMDRINKXSNTRNNMIOQTIKTPTIGETQQQSTHNTAVYTLTG®
CTGGCACCCTGTCCGTCTCCAGCCAGCCAGCTCATTTCACTTTACACCCTCATGGACTGAGATTATACTCACCTTTTATGAAAGCACTGCATGAATAAA ATTATTCCTTTGTATTTTIA 3173
CTTTTAMATGTCTTCTGTATTCACTTATATGTTCTAATTAATAAA TTATTTATTATTAAGAATAGTTCCCTAGTCTATTCATTATATTTAGGGAAAGGTAGTGTATCATTGTTGTTTGA 3293
TTTCTGACCTIGTACCTCTCTTTGATGGTAACCATAATGGAAGAGATTCTGGCTAGTGTCTATCAGAGGTGAAAGCTATATCGATCACTCTTAGAGTCCAGCTTGTAATGGTTCTTYACA 3413
CATCAGTCACAAGTTACAGCTGTGACAATGGCAACAATTTGAGATCTATTTCAACTTGTCTCTATAATAGAATTC 3488

C

SCM-1c: MRLLILALLGICSLTAYIVEGVGSEVSDKRT | CVSLTTQRLPVSRIKTYTITEGSLRAVIFITKRGLKY
SCM-1(: MRLLILALLGICSLTAYIVEGVGSEVSHRRT[C|VSLTTQRLPVSRIKTYTITEGSLRAVIFITKRGLKY
e

ADPQATWVRDVVRSMDRKSNTRNNMIQTKPTGTQQSTNTAVTLTG
ADPQATWVRDVVRSMDRKSNTRNNMIQTKPTGTQQSTNTAVTLTG

intron | intron 2

ment including about 1/4 of the L7a pseudogene sequence is 97.5% homologous between the two genes. Similarly, the 0.4-
deleted (Figs. 1 and 2B). The 0.7-kb 5’ flanking sequences are kb 3’ flanking sequences are 99% homologous between the
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Fig. 2. Nucleotide sequences of the SCM-Ia (A) and SCM-18 (B) genes. A major transcriptional start site at 34 bp upstream of the initiation
codon is marked by an arrow and numbered as +1. The splice donor and acceptor sites are underlined. The putative polyadenylation signals
are indicated by bold letters. The L7a pseudogene sequences are boxed. The 1.5-kb sequence in the first intron of the SCM-/¢ gene that is de-
leted in the SCM-IB gene is indicated by lower-case letters. The nucleotide sequence data have been deposited in the DDBJ/EMBL/GenBank
with accession numbers of D63790 for the SCM-Ia gene and D63789 for the SCM-IB gene. (C) Alignment of amino acid sequences of SCM-
loe and SCM-18. Amino acid differences between SCM-1a and SCM-1f are indicated by asterisks. The two conserved cysteine residues are
boxed. The cleavage site of leader sequences and positions of introns are indicated by an arrow and triangles, respectively.

—

two genes with two typical polyadenylation signals
(AAUAAA) and one mRNA-destabilization  signal
(UUAUUUAUU) [13.14] immediately after the second poly-
adenylation signal.

The positions of the exon/intron boundaries relative to the
protein sequences (Fig. 2C) are identical to the reported CC
chemokine genes; the first exon encodes most of the leader
peptide, the first intron splits a codon between the first and
second bases, and the second intron splits a codon for a hy-
drophobic amino acid between the second and third codons
[15]. It 1s thus likely that the original SCM-1 gene arose from
the CC chemokine subfamily. Later, the insertion of an L7«
pseudogene took place in the Ist intron of the original SCM-/
gene. This gene was then duplicated. Subsequently, the 1.5-kb
region in the Ist intron containing a part of the L7a pseudo-
gene was deleted from one gene, resulting in SCM-18.

The coding regions of the SCM-/a and SCM-If genes
show 97% identity with only five nucleotide changes (Fig.
2A.B). The amino acid sequences deduced from the coding
sequences of the SCM-Io and SCM-IB genes are identical
to each other except for two adjacent amino acids at positions
28 and 29 (7 and 8 in the mature proteins): Asp-Lys in SCM-
la and His-Arg in SCM-1§ (Fig. 2C). The cleavage sites for
the leader peptides of SCM-la and SCM-1P are predicted to
be between glycine and valine at amino acid positions 21 and
22 (Fig. 2C) from their homologies to the processing sites of
other chemokine proteins, from the rule of Von Heijne [16],
and from the N-terminal amino acid sequencing of purified
SCM-lo secreted from TnS5B-4 insect cells infected with a
recombinant baculovirus (unpublished results). The calculated
molecular weights and p/ values of the mature protein are
10271 and 11.10 for SCM-lo, and 10321 and 11.69 for
SCM-18.

3.2, Southern blot analysis of human genomic DNA with the
SCM-1 ¢DNA

Genomic DNA samples derived from various human cell
lines were digested with EcoRI, electrophoresed, blotted onto
filters, and hybridized with the full-length SCM-1 ¢cDNA. As
shown in Fig. 3A, two EcoRI bands with sizes of 5.3 and 3.8
kb were hybridized with similar intensities in all the samples.
The same two EcoR1 bands were also seen with DNA samples
from individuals with different racial backgrounds (Fig. 3B).
These results indicate that the two highly homologous SCM-1
sequences are indeed derived from independent genes and not
due to an allelic polymorphism.

3.3. Chromosomal localization of the SCM-1o. and SCM-1B
genes
Our previous segregation analysis of human-rodent somatic
cell hybrids for the SCM-1 gene using PCR demonstrated that
the gene was located on human chromosome 1 [3]. By a simi-
lar hybrid segregation analysis, the same conclusion was re-
ported for lymphotactin [5]. Another study also describing the

same cDNA carried out FISH analysis and determined the
locus of its gene as 1q23 [17]. This study, however. provided
little information about the employed genomic probe. To re-
examine the locations of the two genes, we carried out FISH
analysis using the 5.3- and 3.8-kb EcoRI genomic fragments
as probes. Using either probes, symmetrical double signals
were detected only on chromosome 1g23 and no other hybri-
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Fig. 3. Southern blot analysis of human genomic DNA demonstrat-
ing the two SCM-1 genes. (A) DNA samples (~20 pg each) iso-
lated from various human cell lines and normal PBMC or (B) DNA
samples (~8 pg each) from 19 individuals representing three differ-
ent races were digested with EcoRl, gel-electrophoresed, blotted,
and hybridized with the full-length SCM-1 cDNA. After washing.
bands were visualized by autoradiography. The size markers (kb) on
the right were determined using a HindHI digest of A DNA.
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Fig. 4. RT-PCR analysis for expression of the SCM-Ior and SCM-
18 mRNA. (A) Predicted length of restriction fragments digested
with PmaCl after PCR amplification with common primers for both
the SCM-1oe and SCM-If sequences (method 1). Because of their
almost identical sizes, the 230- and 226-bp PmaCl fragments were
hardly separated on the gel. (B) Specific amplification of the SCM-
loo and SCM-1f genomic sequences by a sense primer specific for
SCM-1oe or SCM-1f and a common antisense primer (method 2).
(C) Method 1. Poly(A)"™ RNA samples were prepared from PBMC
(three individuals) stimulated without (—) or with (+) PHA + PMA
for 24 h and from Jurkat T cell line stimulated without (—) or with
(+) PHA for 24 h. RNA was reverse-transcribed using oligo(dT)
and resultant cDNA was amplified with common primers for SCM-
lo and SCM-1B. Amplification products without or with PmaCl di-
gestion were fractionated on a 2% GTG agarose gel. Fragments spe-
cific for SCM-1la and SCM-1B are indicated by arrows. Samples
were also amplified with primers for GAPDH as internal control.
Size markers are $X174 DNA digested with Hincll. (D) Method 2.
The same RNA templates were amplified by RT-PCR using specific
primers for SCM-1o or SCM-1P. Size markers are $X174 DNA di-
gested with Hincll.

dizing signals were detected (data not shown). We, therefore,
conclude that the two genes are closely located in the 23
region of human chromosome 1.

3.4. Detection of the SCM-1o. and SCM-1 transcripts
Previous studies using Northern blot analysis showed that

the SCM-1/lymphotactin gene was strongly induced upon mi-

togenic stimulations in PBL [3,5,17]. However, Northern blot
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analysis was incapable of distinguishing the SCM-Ia and
SCM-1B mRNAs because of their high sequence homology.
To determine separately the expression of the SCM-1a and
SCM-1P genes, we carried out RT-PCR analysis [9]. The first
one employed common primers for both SCM-Ia and SCM-
1B mRNA. The length of the amplified DNA was 456 bp for
both mRNAs, but the products from each gene could be dis-
tinguished by PmaCl digestion; only the SCM-1j gene con-
tains one PmaCl site and thus gives rise to 230- and 226-bp
fragments (Fig. 4A). The second one took advantage of the
two base differences in the first exon of these two genes; the 5’
primers were specific for either SCM-1a or SCM-1 mRNA
and the 3'primer was common for both mRNAs. It was con-
firmed that these primers were capable of amplifying the re-
spective SCM-1 genes without cross-amplification (Fig. 4B).
The primers for GAPDH were used for internal control.
PBMC from three donors as well as Jurkat cells were cultured
without or with mitogenic stimulation for 5 h and poly(A)*"
RNA samples were prepared. Using these RNA samples as
templates, cDNAs were synthesized with oligo(dT) and am-
plified by PCR. We obtained quite similar results by using the
two RT-PCR methods.

By the first method (Fig. 4C), we observed 456-bp amplifi-
cation products in PBMC and Jurkat that were induced by
mitogenic stimulations. By digestion with PmaCI, products
from SCM-1o and SCM-18 mRNA were separately observed.
Both genes were found to be induced upon stimulation. Low
levels of expression in unstimulated PBMC samples appeared
to be mostly from the SCM-I18 gene. In Jurkat cells, both
genes showed low levels of basal expression. By the second
method (Fig. 4D), the specific primers for SCM-lo and those
for SCM-1B amplified respective bands that were induced in
PBMC and Jurkat upon mitogenic stimulations. Low levels of
expression were seen especially for the SCM-I8 gene in un-
stimulated PBMC samples. Both genes were also expressed at
low levels in unstimulated Jurkat. RT-PCR for GAPDH con-
firmed similar amounts of mRNA in all the samples. Collec-
tively, these results indicated that both the SCM-I¢ and
SCM-1B genes are inducible by mitogenic stimulation.
Furthermore, low levels of basal expression are often seen
especially from the SCM-18 gene.

3.5. Mapping the transcription initiation sites

In order to determine the transcriptional initiation sites of
the SCM-1 genes, we first examined various human leukemic
cell lines [6] for expression of the SCM-! genes by Northern

A B
(short exp)

PEER HPB-ALL CEM BALL-1 Jurkal M HUT78 HUT78 ook line

s W e I T ST Iskmulation

SCM-t

Fig. 5. Northern blot analysis of SCM-1 mRNA expressed in var-
ious human lymphoid cell lines. (A) Poly(A)t RNA samples were
prepared from indicated cell lines stimulated without (—) or with
(+) PHA+PMA for 24 h. (B) Poly(A)* RNA samples were prepared
from Jurkat stimulated without (—) or with immobilized anti-CD3
or PHA for 24 h. RNA samples (2 pg/lane) were fractionated on a
1% agarose gel containing formaldehyde, blotted onto a filter mem-
brane, and hybridized with 3*P-labeled SCM-1 ¢cDNA. The same fii-
ters were rehybridized with a probe for GAPDH as internal control.



T. Yoshida et al.|FEBS Letters 395 (1996) 82-88

A

HUT78
Jurkat

j BALL-1
tRNA

ACGT

POOPOPOADPOOP A0OOOO O]

,‘5.-".'
5 € 2
T 3 o

ACGT

Fig. 6. Determination of the transcription initiation sites of the
SCM-1 genes. (A) Primer extension analysis. Hut78, Jurkat and
BALL-1 were stimulated with PHA+PMA for 24 h and poly(A)*"
RNA samples were prepared. A 5'-labeled synthetic oligonucleotide
complementary to nucleotides 28 to 62 downstream of the initiation
codon of the SCM-Ja and SCM-18 genes (Fig. 2) was hybridized
to poly(A)* RNA samples (each 3 pg). After extension, extended
products were resolved on a 6% polyacrylamide/urea gel along with
a sequencing ladder generated by the same primer with a template
of the SCM-lo genomic DNA that spans the first exon. Arrows in-
dicate the sites of transcription initiation and an asterisk indicates a
nonspecific band. (B) RNase protection assay. A ?P-labeled RNA
probe (341 nucleotides) was annealed with 3 pug of poly(A)* RNA
samples (see above), digested with RNase A+RNase T1, and frac-
tionated on a 6% polyacrylamide/urea gel along with a sequencing
ladder generated by the T7 primer. Protected bands with sizes of
about 95, 96 and 100 nucleotides are indicated by arrows.
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blot analysis (Fig. 5A). Hut78, a CD4" T cell line derived
from Sezary syndrome, demonstrated a high level of constitu-
tive expression, which was further upregulated by PHA stim-
ulation. No other cell lines showed such constitutive expres-
sion. PHA treatment strongly induced the SCM-/ expression
in two T-cell acute lymphoblastic leukemia (T-ALL) cell lines,
Jurkat (CD4%) and PEER (CD47/CD87), but not in three
other T-ALL cell lines, JM (CD4*/CD8%), HPB-ALL
(CD4+/CD8%) and CEM (CD4%), or a B-ALL cell line,
BALL-1. In Jurkat, we also found that the SCM-/ genes
were inducible by immobilized anti-CD3 which is supposed
to mimic antigenic stimulation (Fig. 5B). In the case of murine
lymphoid cells, CD8" T cells as well as CD4~ CD8" thymo-
cytes were shown to express lymphotactin upon activation [4].
Furthermore, human CD4"NK1.1* T cells were mentioned to
be an important source of lymphotactin [5]. Thus, inducibility
of the SCM-1 genes in some but not all T-ALL cell lines may
correlate with such specificity for T cell subsets. No human T-
ALL cell lines singly positive for CD8 were, however, avail-
able for testing.

To map the transcription initiation sites of the SCM-/a and
SCM-1f genes, we carried out primer extension analysis as
well as RNase protection assay using poly{A)™ RNA prepared
from Hut78, Jurkat and BALL-1, all stimulated with PHA+P-
MA for 24 h. The extension primer was complementary to
both the SCM-/a and SCM-1 mRNAs. As shown in Fig.
6A, several extension products were detected strongly in
Hut78 and weakly in Jurkat. These extension products
mapped to 33, 34, 37 and 38 bp upstream of the ATG trans-
lational start site. RNase protection assay essentially con-
firmed the results of primer extension analysis, even though
the lengths of protected RNA fragments could not be accu-
rately determined (Fig. 6B). The major initiation site, the cy-
tosine at 34 bp upstream of the initiation codon (indicated as
+1 in Fig. 2), matches to the cap consensus site [18], 5'-CA(C/
THC/THCIT)-3". A probable TATA box (TAAAA) but no
apparent CCAAT box is found in the upstream regions.

In conclusion, we have demonstrated that there are two
highly homologous genes encoding the SCM-1 proteins in
the human genome. The two SCM-1 genes will be useful for
elucidating the molecular mechanism of their regulated ex-
pression in CD8™ T cells. The two SCM-1 proteins have
two amino acid differences at positions 7 and 8 in the mature
proteins. The importance of the N-terminal regions has been
demonstrated for biologic activities of chemokines such as a
CXC chemokine IL-8 [19,20] and a CC chemokine MCP-1
[21]. Therefore, the two SCM-1 proteins may have some dif-
ferences in their biologic activities. Production of recombinant
SCM-lo and SCM-1B, now in progress, will help us examine
their respective functions and identify their specific receptors.
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