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investigators recently reported that M-CSF had an abil-
We have isolated a novel cDNA encoding macro- ity to develop bone marrow fibroblastic stromal cells (4-

phage colony-stimulating factor (M-CSF) from a mu- 6). Although it remains to be elucidated whether or not
rine stromal cell line, ST2. The cDNA included an en- M-CSF acts directly on the progenitor of the stromal
tire coding sequence of the M-CSF gene but contained cells, this is a novel function of M-CSF (5, 6).an additional sequence of 140 base pairs (bp). North- The human M-CSF gene is comprised of 10 exons andern blot analysis demonstrated that other murine cell

9 introns spanning 20 kilo bases (kb) of the genome (7),lines such as a fibroblastic cell line (L) and a stromal
which is presumably conserved in murine systems (8).cell line (PA6) also expressed the transcripts corre-
Although M-CSF is transcribed from a single gene (7,sponding to the clone. The nucleotide sequence analy-
9), it is well known that multiple splice variants of theses of the cDNA and the cloned M-CSF genome re-
transcript are produced from the gene (7, 9-11). For ex-vealed that the 140-bp insertion sequence was part of
ample, in the original isolation of human M-CSF cDNAintron 1 which separated exon 1 and exon 2: the former
from a pancreatic carcinoma cell line, phorbol myristatecontained part of the amino acid residues of the signal
acetate was shown to induce at least seven M-CSF tran-sequence and the latter the rest of the signal sequence
scripts ranging from 1.5 to 4.5 kb (10). At least fourand the first 22 amino acid residues of the mature pro-

tein. The insertion of the 140-bp intron sequence not different forms of M-CSF cDNA have been isolated and
only changed the amino acid sequence of the signal sequenced (7, 9-13). In addition to the complexity in the
peptide but also generated an in-frame termination transcriptional regulation of the M-CSF gene, the trans-
codon. However, instead of the dysfunction of the orig- lational and posttranslational modification of the pri-
inal initiation codon, the 140-bp insertion sequence mary products derived from the multiple species lead to
contained a putative ATG initiation codon that pre- the production of several different protein forms, e. g., a
served the original open reading frame. Finally, we secreted and a membrane-associated form.
found that the cDNA directed the expression of a se- The secreted form is encoded by two transcripts of
creted and biologically active M-CSF protein when it 2.5 and 4.0 kb, which differ only in their 3 * noncoding
was introduced into COS7 cells and M-CSF activity in region: the 2.5 kb- or 4.0 kb transcript uses exon 9 or
the culture supernatants was measured using an M- 10, respectively, of the M-CSF gene (7, 9, 11-15). They
CSF-dependent cell line. These results indicate the contain the complete exon 6 encoding an amino acidpresence of an alternatively spliced M-CSF transcript sequence which should be cleaved by proteases, leadingwhich utilizes an alternate initiation codon in order

to the rapid secretion of the protein from the cell (14,to specify active M-CSF protein. q 1998 Academic Press
15). In spite of the presence of a single open reading
frame, these transcripts specify at least two protein
species, i. e., an M-CSF protein with the Mr of 85,000

Macrophage colony-stimulating factor (M-CSF) is a and that with the Mr greater than 200,000 (11, 12, 14-
regulatory cytokine that stimulates the proliferation, dif- 16). The latter was uniquely modified by a chondroitin
ferentiation, and survival of monocytes/macrophages sulfate glycosaminoglycan chain (16-18). Due to this
and their committed progenitor cells (1). The expression modification, this type of M-CSF can bind to type V
of M-CSF receptor and the action of M-CSF have been collagen, and this might allow the species to associate
thought to be restricted to monocyte/macrophage lineage with extracellular matrix (19, 20). The other two tran-

scripts of 1.6 and 3.1 kb encoded the M-CSF proteinin hematopoietic systems (2, 3). However, we and other
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at 987C, and 3 min of annealing and extension at 687C (28). Theassociated with the cell membrane (7, 10, 12, 21). These
analysis of PCR products was performed by comparing the predictedtranscripts again differ only in the alternate use of the
PCR fragment length with the actual PCR products after the ethid-3 * nonconding region, i. e., exon 9 or 10 (7, 10, 12, 21). ium bromide staining of products separated by electrophoresis on a

In these transcripts, the splicing out of the large seg- 1 or 2% Seakem GTG agarose gel (FMC BioProducts, Rockland, ME).
ments of exon 6 deletes a region of 298 amino acid Cloning and sequencing of PCR products. The PCR products were
residues containing the site at which proteolytic cleav- ligated directly into a pCR 2.1 vector (Invitrogen, Carlsbad, CA) (30)

and sequenced by the dye terminator cycle sequencing method (Per-age occurs before the secretion of the active M-CSF
kin Elmer, Foster City, CA). Sequencing was carried out in bothdescribed above. Therefore, the product from the tran-
orientations of the cDNAs, using an M13 reverse primer, M13 for-scripts is stably expressed at the cell surface and is
ward primer (29), and appropriately synthesized primers which hy-

also biologically active (14, 22). bridized to the sequences of the templates.
Although the 4.0 kb form is predominant in many

Northern blot analysis. Total RNA was prepared as described
cells (7, 9-12), all the available evidence suggests to us above. The RNA (10 mg/lane) was fractionated by electrophoresis
that there are splice variants which are yet to be fully through a 1.5% agarose gel containing 2.2 M formaldehyde (29). The

size-fractionated RNA was transferred from the gel to a nylon mem-characterized. The cloning of minor splice variants is
brane (Hybond N/; Amersham, Buckinghamshire, England) andtherefore necessary to clarify the significance of such
fixed by baking. The resulting filter was probed with cDNAs labeledspecies, if any. In this paper, we report the identifica- with [32P]dCTP (ICN Biomedicals, Irvine, CA), using the random

tion and characterization of a novel alternatively oligonucleotide priming reaction (MegaPrime DNA Labelling Sys-
spliced M-CSF transcript. tems; Amersham). The hybridization was performed at 657Cusing

rate-enhanced hybridization solution (Rapid-hyb buffer; Amersham).
The filters were washed with 2x SSC (1x SSC Å 0.15 M NaCl/0.015EXPERIMENTAL PROCEDURES M sodium citrate) containing 0.1% SDS at room temperature, and
the final washings were done with 0.11 SSC containing 0.1% SDS

Cell culture. Murine bone marrow stromal cell lines, ST2 (23) at 657C (29). The relative mobilities of different species of M-CSF
and MC3T3-G2/PA6 (PA6; 24), and the murine fibroblastic cell line mRNA were visualized by exposure of the filters to Hyperfilm MP
L were obtained from the Riken Cell Bank (Tsukuba, Japan). They (Amersham).
were routinely maintained in DMEM medium (Life Technologies,

Transfection and analysis of M-CSF. The cDNA fragments con-Grand Island, NY) supplemented with 10% (v/v) heat-inactivated
taining a putative open reading frame of M-CSF were subcloned intofetal calf serum (FCS). Monkey kidney COS7 cells (Riken Cell Bank)
a mammalian expression vector, pCEF. The vector is a derivative ofwere also routinely cultured with DMEM medium containing 10%
pRc/CMV (Invitrogen, San Diego, CA), which we made by the in-FCS. Murine M-NFS-60 cells (25), which are dependent on the pres-
serting HindIII/XbaI fragment of a vector pEF-BOS containing theence of M-CSF for their proliferation and were used for the determi-
promotor region of polypeptide chain elongation factor-1 (31) into thenation of M-CSF activity in this study, were obtained from the Ameri-
pRc/CMV vector. The resulting plasmid DNAs were transfected intocan Type Culture Collection (ATCC, Rockville, MD). The cells were
COS7 cells by using LipofectAMINE reagent (GIBCO BRL, Gaithers-routinely maintained in RPMI1640 medium (Life Technologies) con-
burg, MD) according to the manufacturer’s instructions (32). Thetaining 10% FCS and recombinant human M-CSF at a concentration
media were removed 72 hrs later and assayed for the concentrationof 100 ng/ml (26).
of M-CSF by measuring the proliferation of M-CSF-dependent M-

Polymerase chain reaction (PCR). Total RNA was isolated from NFS-60 cells (25, 26). In brief, cells were seeded into 96-well culture
a subconfluent culture of ST2, PA6, or L cells by using RNA zol B plates at a concentration of 1 1 104 cells per well and incubated
reagent (TEL-TEST, Friendswood, TX) (27). One microgram of total for 44 hrs in the presence or absence of experimental samples. The
RNA was reverse transcribed by using 2.5 mM random 9 mers, 2.5 recombinant murine M-CSF (R&D Products, Minneapolis, MN) was
U Avian Myeloblastosis Virus reverse transcriptase, and reagents also included in the assay. Following the addition of [3H]thymidine
from a commercial RNA PCR kit (RNA LA PCR Kit; TaKaRa Shuzo, (ICN Biomedicals), its incorporation into DNA was measured after
Kyoto, Japan) (28). The PCR amplification was performed by using a 6-h period (26).
LA Taq polymerase (TaKaRa Shuzo) and according to the recommen-
dations of the manufacturer (28). For the amplification of the entire

RESULTScoding region of M-CSF, two primers (P1 and P2) were generated,
which were based on the previously described murine cDNA se-
quences (12). P1 hybridized to nucleotide sequences 139-163 in exon Identification and cloning of alternatively spliced M-
1, and its sequence was 5*-TGCCGGGACCCAGCTGCCCGTATGA- CSF transcript. We performed a reverse transcription
3 *. P2 was anti-sense to nucleotide sequences 1801-1825 in exon PCR (RT-PCR) analysis using total RNA obtained from
8, and its sequence was 5*-TCCTTTCTATACTGGCAGTTCCACC-3 *.

murine bone marrow stromal cells (ST2), which wereThus, the primer pair P1/P2 would generate at least two fragments
shown to constitutively produce M-CSF (6). As shownwhich were derived from the transcript containing the complete exon

6 and that containing the truncated exon 6 (12). The PCR conditions in Fig. 1, the RT-PCR reaction using primers P1 and P2
were as follows: 30 sec of denaturation at 947C, 30 sec of annealing resulted in the amplification of four different products,
at 607C and 2 min of extension at 727C (28). Genomic DNA was whose sizes were approximately 1850, 1700, 950, andalso isolated from ST2 cells by using a reagent containing SDS and

800 base pairs (bp). The primers were chosen so as toprotease (GENOME DNA Isolation Kit; BIO 101, Vista, CA) (29).
amplify the entire coding region of M-CSF, and so thatThe PCR amplification of the region including intron 1 of M-CSF

genome was performed by using the DNA as the template, LA Taq the primer pair would generate fragments with sizes
polymerase (TaKaRa Shuzo), and two oligonucleotide primers (P1 of 1686 or 800 bp. The former would be derived from
and P3). The primer P1 hybridized to nucleotides in exon 1 as de- the transcript containing the complete exon 6, and thescribed above. P3 was anti-sense to nucleotide sequences 226-250 in

latter from the transcripts containing the truncatedexon 2; its sequence was 5*-TACTCCTGCTCATGAGGAGACAGAC-
3 * (12). The PCR conditions were as follows: 20 sec of denaturation exon 6 (12). Thus, the fragments of approximately 1850
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is used as a translational initiation codon, the reading
frame of M-CSF is preserved in these cDNAs, though
the first 13 amino acid residues of a 32-amino acid
signal peptide will be replaced with an unrelated se-
quence of 37 amino acid residues in the cDNAs (indi-
cated by the underline in Fig. 2B).

We next examined the origin of 140-bp insertion se-
quence. For this purpose, we performed a PCR amplifi-
cation of the M-CSF genome containing intron 1 that
separated two exons, i.e., exons 1 and 2. An approxi-
mately 3.1 kb fragment was detected (Fig. 3A), which
would be expected based on the reported intron-exon
structure of the human M-CSF gene (7, 33). The frag-
ment was therefore cloned and the genomic DNA was
analyzed by sequencing. As a result, we found that the
140-bp insertion sequence was part of intron 1. It was
located near the 3 * end of the intron (indicated by the

FIG. 1. RT-PCR amplification of fragments derived from M-CSF parentheses in Fig. 3B). We therefore tentatively desig-
transcripts. An RT-PCR was performed by using total RNA from ST2 nated the 140-bp sequence exon 1.1. The 5* end of exon
cells and the primer pair P1/P2. An aliquot was removed from the

1.1 was preceded by a possible acceptor sequence (indi-reaction mixture at the ends of 28 cycles (lane 1), 30 cycles (lane 2),
cated by the boldface in Fig. 3B), and the 3 * end was32 cycles (lane 3) and 34 cycles (lane 4) of the PCR amplification.

The amplified products were then analyzed by electrophoresis on 2% followed by a possible donor sequence (indicated by the
agarose gel and visualized after ethidium bromide staining of the italics in Fig. 3B) as discussed below.
gel. The molecular mass standards are shown at the left in bp. The cDNA containing the entire coding region of M-

CSF (12) and the cDNA fragment isolated from the
region within exon 1.1 were each used as a probe to

and 950 bp were unexpected amplification products in examine the expression of M-CSF transcript. The
the RT-PCR reaction. The Southern blot analysis with Northern blot analysis of ST2 cells and two additional
M-CSF cDNA as a probe revealed that these additional two cell lines (i. e., the murine bone marrow stromal
fragments actually contained an M-CSF-related se- cell line PA6 and the murine fibroblastic cell line L)
quence (data not shown). We therefore cloned these with the wild-type cDNA revealed a major hybridizing
two fragments together with the expected amplification species of approximately 4.0 kb as well as a minor spe-
products and analyzed their nucleotide sequences. cies of approximately 2.5 kb (Fig. 4, lanes 1-3). The

The DNA sequence analysis of the cDNAs derived longer exposure of the blot revealed the presence of at
from the two additional fragments revealed that both least four less- abundant species ranging from 1.5 to
possessed an insertion of a 140-bp sequence in the cod- 4.5 kb (data not shown). Hybridization of another blot
ing region (indicated by the underline in Fig. 2A). In with the cDNA fragment specific to the sequence of
addition, the difference in length between the addi- exon 1.1 established that all three cell lines expressed
tional two fragments was demonstrated to be due to the M-CSF transcript possessing exon 1.1 (Fig. 4, lanes
the result of an alternate use of exon 6 that had been 4-6). The size of the transcript was indistinguishable
reported (12): the longer fragment contained the com- from that of a major species detected on the blot probed
plete exon 6, whereas the shorter contained the trun- with the wild-type cDNA. The Northern blot analysis
cated form of exon 6. We also found that the 140-bp was performed under conditions of high stringency, as
sequence was inserted at the junction of the exon 1- described in Experimental Procedures (29). Taken to-
derived sequence and the exon 2-derived sequence (7, gether with the finding that exon 1.1 was only part of
12, 33). The published sequence of murine M-CSF dem- intron 1 (Fig. 3B), the M-CSF transcript containing the
onstrated that exon 1 encoded the 5* untranslated re- exon 1.1 sequence was demonstrated to be due to an
gion and the first 13 amino acid residues of the signal alternative splicing event.
sequence, and exon 2 encoded the remaining 19 amino

Expression of M-CSF cDNA in COS7 cells. Finally,acid residues of the signal sequence and the first 22
we investigated whether the M-CSF transcript con-amino acid residues of the mature protein (7, 12, 13,
taining exon 1.1 could direct the production of biologi-21, 33). The insertion of the 140-bp sequence resulted
cally active M-CSF protein. Initially, we made fourin the generation of TGA stop codon 31 bp downstream
plasmids which carried different constructions of thefrom the beginning of the inserted sequence (Fig. 2A).
cDNA insert, i. e., the cDNA containing exon 1.1 andHowever, there were repetitive ATG codons in the in-
the complete exon 6 (‘‘CSF-A’’ in Fig. 5), that containingserted sequence, which overlapped the TGA stop codon

(indicated by the boldface in Fig. 2A). If the ATG codon the complete exon 6 but not exon 1.1 (‘‘CSF-B’’), that
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FIG. 2. DNA sequence and deduced amino acid sequence of PCR products. The amplified fragments of approximately 1850 and 950 bp
shown in Fig. 1 were cloned and the cDNA inserts were analyzed by sequencing. (A) The 140-bp insertion sequence not found in the reported
cDNAs is underlined. The initiation codon which is thought to be utilized in the reported cDNAs is indicated by italics. The in-frame ATG
codons within the 140-bp insertion sequence are indicated by boldface. The nucleotide difference between this sequence and the sequence
reported by Ladner et al. (12) is shown above the nucleotide sequence (T r C at nucleotide position 310). The change was also observed in
the cDNA clones derived from the amplified fragments of 1700 and 800 bp shown in Fig. 1, which represented the reported structure of M-
CSF transcript. This change alters the amino acid (Val r Ala) as shown in Fig. 2B. In any case, the single amino acid change was not
critical to the function of the protein, as shown in Fig. 5. The cDNAs derived from the fragments of approximately 1850 and 950 bp differed
in the structure of exon 6, as reported with the previously isolated cDNAs (12). Since the sequence downstream exon 6 of the isolated
cDNAs agrees with that reported by Ladner et al. (12), we omitted the nucleotide sequence as well as the deduced amino acid sequence for
that portion. (B) The presumed amino acid sequence by the isolated cDNA is depicted. The amino acid sequence not found in the reported
cDNAs is underlined. The sequence deduced by the reported cDNAs is shown above this sequence (12). The first amino acid in the mature
M-CSF protein (Lys) in indicated by the boldface.

containing exon 1.1 and the truncated exon 6 (‘‘CSF- transfected cells were assayed for the presence of bio-
logically active M-CSF using an M-CSF-dependent M-C’’), and that containing the truncated exon 6 but not

exon 1.1 (‘‘CSF-D’’). These plasmids were introduced NFS-60 cell line. As shown in Fig. 5, the plasmids con-
taining exon 1.1 (‘‘CSF-A’’ and ‘‘CSF-C’’) directed theinto COS7 cells, and the media conditioned by the
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Therefore, the result shown in Fig. 5 indicated that an
alternate initiation codon was functionally utilized in
the cDNAs. When we removed the complete sequence
of exon 1 which included the original ATG codon from
the cDNAs with exon 1.1 and introduced the resulting
plasmids (‘‘dCSF-A’’ and ‘‘dCSF-C’’ in Fig. 5) into COS7
cells, the result of the bioassay showed that these trun-
cated cDNAs also directed the expression of active M-
CSF, supporting our conclusion described above.

DISCUSSION

We have shown that murine ST2 cells express an M-
CSF transcript that has not been previously described.
The transcript contained the sequence within intron 1
(Figs. 2 and 3). The presence of this transcript was con-
firmed by Northern blot analysis (Fig. 4B). Since only
part of the intron sequence was found, the transcript
seemed to be due to an alternative splicing event and
not simply to incomplete splicing. An examination of the
sequences surrounding the inserted sequence, which we
designated exon 1.1, might support this hypothesis. The
3* end of exon 1.1 was followed by a possible donor se-
quence (GTAAGC, Fig. 3B) (34), which was similar to
the sequence at the intron/exon boundaries of the human
M-CSF gene (7). The 5* end of exon 1.1 was preceded by
a possible acceptor sequence (CTCTTGCAG, Fig. 3) (34).
However, the site had a short pyrimidine tract, a critical
determinant of the strength of splice acceptors (35), and

FIG. 3. PCR amplification of the genomic region containing exon
1 of M-CSF gene and partial characterization of the genomic clone.
(A) The PCR amplification was performed by using genomic DNA
from ST2 cells and the primer pair P1/P3. An aliquot was removed
from the reaction mixture at the ends of 25 cycles (lane 1) and 30
cycles (lane 2) of the PCR amplification. The amplified products were
then analyzed by electrophoresis on 1% agarose gel and visualized
after ethidium bromide staining of the gel. The molecular mass stan-
dards are shown at the left in bp. (B) The amplified fragment shown
in Fig. 3A was cloned and the cDNA inserts were analyzed by se-
quencing. The 140-bp insertion sequence, which we designated exon
1.1, is indicated by parentheses. The possible acceptor sequence and
donor sequence for exon 1.1 are indicated by the boldface.

FIG. 4. Northern blot analysis of M-CSF transcripts. Total RNAproduction of biologically active M-CSF into the media, from ST2 cells (lanes 1 and 4), PA6 cells (lanes 2 and 5), and L cells
as did those without exon 1.1 (‘‘CSF-B’’ and ‘‘CSF-D’’), (lanes 3 and 6) was analyzed for the presence of M-CSF transcript by
although the activities in the media conditioned by Northern blot analysis. The hybridization was performed with the

cDNA insert obtained by cloning the fragment of approximately 1700COS7 cells transfected with the plasmids containing
bp shown in Fig. 1, which represented the reported structure of M-exon 1.1 were somewhat lower than those obtained by
CSF transcript (lanes 1-3), or the cDNA fragment whose sequenceusing the plasmids without the exon. As mentioned was specific to exon 1.1 (lanes 4-6), as a probe. The latter was prepared

above (Fig. 2A), the original ATG codon did not specify from the cDNA with exon 1.1 by using the restriction enzymes BamHI
and SspI. Markers are mammalian ribosomal RNAs.the M-CSF protein in the cDNAs containing exon 1.1.
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cell line, MG63 (26,36). we did not detect the amplified
product corresponding to the murine transcript (data
not shown). However, the presence of a human tran-
script which carried an intron sequence was reported.
In the original isolation of human M-CSF cDNA from a
pancreatic carcinoma cell line, nine of ten cDNA clones
isolated contained a 115 bp of part of intron 2, which
includes an in-frame stop codon (10). It was also dem-
onstrated that this form did not direct the production
of an active protein (10).

The intriguing finding in the present study was that
the cDNA with exon 1.1 encoded a secreted- and biologi-
cally active M-CSF (Fig. 5). As described above, exon 1.1
included an in-frame stop codon (Fig. 2A). Therefore,
these results indicated that the translational initiationFIG. 5. M-CSF activities in the media conditioned by COS7 cells

transfected with M-CSF cDNAs. The cDNA inserts were constructed codon used by the cDNA differed from that used by the
as follows. The four different fragments amplified by RT-PCR shown previously isolated cDNAs. The examination of pre-
in Fig. 1 were initially cloned into pCR2.1 vector. The cDNA inserts viously reported sequences revealed that there were two
were then excised from the vector and recloned into the vector pCEF.

in-frame ATG codons between the transcriptional start-Therefore, there were four types of the cDNA insert, i.e., the cDNA
ing point (33) and the codon corresponding to the aminocontaining exon 1.1 and the complete exon 6 (CSF-A), that containing

the complete exon 6 but not exon 1.1 (CSF-B), that containing exon terminus of mature M-CSF protein (37, 38). The up-
1.1 and the truncated exon 6 (CSF-C), and that containing the trun- stream ATG is an initiation codon, because the down-
cated exon 6 but not exon 1.1 (CSF-D). We also made two types of stream ATG was not found in the human gene (7, 10,deletion mutants (dCSF-A and dCSF-C). This was accomplished by

11). Furthermore, the utilization of the downstreamthe removal of the 5* portion of CSF-A or CSF-C cDNA using a
ATG caused a significant loss of the signal peptide, espe-restriction enzyme XbaI, which deleted the first 89 nucleotides shown

in Fig. 2A. The pCEF vector and the resulting plasmids were intro- cially a complete loss of the region being rich in hy-
duced into CoS7 cells. The number of the cDNA represents the inde- drophobic amino acids (ThrTrpLeuGlySerArgLeuLeu-
pendent isolation of the plasmids. The media conditioned by COS7 LeuValCysLeuLeu, in Fig. 2B), which is a characteristiccells were assayed for M-CSF activity after a 500-fold dilution using

of known signal peptides (39). If the ATG codons withinM-NFS-60 cells. The murine recombinant M-CSF was also included
exon 1.1, which preserves the reading frame of M-CSFin the assay at the indicated concentration.
as described above (Fig. 2B) is utilized as an initiation
codon, the first 13 amino acid residues of a 32-amino
acid signal sequence are replaced with an unrelated se-its sequence was very similar to the upstream acceptor

site of exon 6 of the human gene (7), which is bypassed quence comprised of 37 amino acid residues (Fig. 2B).
However, this change still preserves the hydrophobicin at least some transcripts (9-13). It is therefore likely

that the splice acceptor flanking exon 1.1 is relatively core sequence mentioned above, which might allow the
translational product by the cDNA with exon 1.1 to beweak. Since we detected the transcript which had exon

1.1 and the truncated exon 6 as well as the transcript secreted (Fig. 5). The M-CSF activities in the media
conditioned by COS7 cells transfected with the plasmidswhich had exon 1.1 and the complete exon 6 (Figs. 1 and

2), the choice of exon 1.1 and the utilization of two ac- containing exon 1.1 were lower than those obtained by
using the plasmids containing the previously definedceptor sites of exon 6 appeared to be independent phe-

nomena. The examination of the sequence of the ends of structure of M-CSF cDNA. This might be due to the
difference in the sequence flanking the ATG initiationtwo introns that was generated by the insertion of exon

1.1 revealed that both introns conformed to the GT-AG codon among the two types of cDNA, which could affect
the translational efficiency (40). In any case, this is therule (Fig. 3B) (35).

The expression of the transcript with exon 1.1 was first report demonstrating the functional utilization of
the alternate initiation codon in M-CSF gene.not specific to ST2 cells. As shown in Fig. 4B, other

murine cell lines including PA6 and L also expressed At least five groups of investigators have reported
the sequences for a portion or a full coding region ofthe M-CSF transcript possessing the exon. We con-

firmed this result by performing an RT-PCR with total murine M-CSF (9, 12, 13, 21, 33). However, the re-
ported sequences differ slightly in exon 1. The se-RNA obtained from these cells using the primer pair

P1/P2 (data not shown). We did not obtain an evidence quences of the coding region within exon 1 are
for the presence of human equivalents for the murine

ATGACCGCGCGGGGCCG
**

CGCGGGGCCG
**

TGCCCTTCTTCG (21)transcript. In an experiment I which we performed an
RT-PCR with RNA obtained from a human stromal cell ATGACCGCGCGGGGC

**
GCCGCGGGGCGCTGCCCTTCTTCG (12, 13, 33)

line, KM102, human umbilical vein endothelial cells,
human peripheral monocytes or a human osteoblastic ATGACC - CGCGGGCGGCCGC - - GGCGCTGCCCTTCTTCG (9)
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