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Last intron of the chemokine-like factor gene contains a putative
promoter for the downstream CKLF super family member 1 geneq
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Abstract

The genes for chemokine-like factor (CKLF) and four chemokine-like factor super family members (CKLFSF1–4) are tightly

linked on chromosome 16, with only 325 bp separating CKLF and CKLFSF1. We used Northern blotting and RT-PCR to show that

these two genes are expressed independently of one another. We then used a novel computational promoter prediction method based

on the interaction among transcription factor binding sites (TFBSs) to identify a putative promoter region for the CKLFSF1 gene.

Our method predicted a promoter region in the last intron of the upstream gene, CKLF. We PCR amplified the predicted promoter

region and used a luciferase assay to show that the region was able to drive the luciferase gene. DNA decoy experiments indicated

that 214 bp fragment neighboring the TATA box markedly inhibited CKLFSF1 gene expression. Sequence analysis of the region

revealed a typical TATA box (TATATAA) and multiple potential transcription factor binding sites, providing further evidence for

this being a functional promoter for CKLFSF1. This work provides the first evidence of a promoter from one gene located in an

intron of another.

� 2003 Elsevier Inc. All rights reserved.
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Beyond their involvement in splicing reactions, some

introns contain enhancer-like or silencer-like elements

that play an important role in transcriptional regulation.

Intronic regulatory sequences have been identified in
genes related to cell growth [1], granulocyte develop-

ment [2], and tissue-specific gene expression [3]. Within

introns, AP-1 sequences [4,5], glucocorticoid response

elements [6,7], and thyroid responsive elements [8] play

important regulatory roles in gene transcription. Fur-

thermore, some gene promoters are located in down-

stream intronic regions. For example, a functional

eukaryotic promoter is contained within the first intron
of the hGH-N coding region [9]; the mouse mdm2 gene

contains two promoters: one located upstream of the

gene that is active in the absence of p53 and one within
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the first intron that requires p53 for transcriptional ac-

tivity [10]; and of the two promoters of the human BMP-

4 gene, one is located upstream of exon 1 and the other

is located upstream of exon 2, within the first intron [11].
However, to our knowledge, our discovery that the

CKLFSF1 promoter overlaps the last intron of the

CKLF gene is the first report of a promoter region for

one gene being found in an intron of an upstream gene.

Chemokine-like factor (CKLF) is novel cytokine that

our laboratory cloned from U937 cells using Suppres-

sion Subtractive Hybridization [12]. Further, we used in

silico gene identification from human genome sequence
and EST databases to identify eight additional novel

genes sharing sequence identity with CKLF [13]. These

genes were designated chemokine-like factor super

family 1–8 (CKLFSF1–8) by the International Human

Gene Nomenclature Committee. One of the interesting

aspects of these genes is that CKLF, CKLFSF1, 2, 3, and

4 exist as a gene cluster on chromosome 16, and the

CKLF and CKLFSF1 genes are very closely linked
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Fig. 1. Schematic representation of the CKLF and CKLFSF1 gene

structure. The boxes show the exons with their relative size and the

positions in the genes. Numerals in the boxes indicate exon numbers.
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(within 325 bp of each other) (Fig. 1). Recently, we have

discovered that CKLFSF1 is a complicated gene with at
least 23 splice variants and it is expressed at particularly

high levels in testes (submitted data). In this study,

Northern blot and RT-PCR analyses of CKLF and

CKLFSF1 demonstrated that the two genes are inde-

pendent, leading us to question where the regulatory

elements of CKLFSF1 are located. We used a recently

developed method for recognizing compositional fea-

tures of promoter regions (manuscript in preparation) to
predict the CKLFSF1 gene promoter region. The results

indicated that a potential promoter region for the

CKLFSF1 gene was located within the last intron of the

upstream gene, CKLF. We PCR amplified the predicted

promoter fragment and inserted it into a promoterless

luciferase reporter gene vector, which we then trans-

fected into several kinds of cell lines. The results of the

luciferase assay clearly demonstrated that the CKLFSF1
upstream region displayed promoter activity in some cell

lines. Decoy assay indicated that 214 bp fragment

neighboring the TATA box markedly inhibited

CKLFSF1 gene expression. These suggest that the pre-

dicted promoter is functional and represents the first

report of a gene promoter being located within an intron

of an upstream gene.
Materials and methods

Northern blot analysis. The full-length cDNAs for human CKLF

and CKLFSF1 were labeled with [a-32P]dCTP using a random hexamer

labeling kit (Amersham). The probes were hybridized to a multiple

tissue Northern blot following the manufacturer’s instructions (Clon-

tech). The blot was washed with 0.1� SSC at 68 �C and exposed to

Cyclone (Packard, Japan) for 3 h at room temperature.

Computational identification of the promoter region of the human

CKLFSF1 gene. We used the following novel method to recognize

compositional features of the CKLFSF1 promoter region. First, we

identified all transcription factor binding sites (TFBSs) between 5 and

12 bp in length as predicted by the TRANSFAC35 program [14]. We

then counted the formed in the learning promoter dataset (565

sequences of experimentally verified promoters) [15] and in the control

dataset (890 coding sequences) [Compiled and provided by M. Reese

(LBNL, mgreese@lbl.gov), D. Kulp (UCSC, dkulp@cse.ucsc.edu),

A. Gentles (Stanford), and U. Ohler (UCB, ohler@fruitfly.berke-

ley.edu)]. Next, the TFBS pairs that were >4 times more frequent in

the learning dataset than in the control dataset were used for our

‘dictionary’ of possible promoters. The potential functioning score for
each pair was calculated from the ratio of learning dataset frequencies

to control dataset frequencies. Next, each learning and control se-

quence was compared to our dictionary, and the potential functioning

scores of the pairs found in the sequence were summed together to

create a promoter-potential score. Finally, a threshold was set to

equalize the misclassification rates for both promoter and control

sequences.

Cloning of the promoter region of CKLFSF1. The putative

CKLFSF1 promoter region was PCR amplified using primers designed

from genomic sequences flanking the identified region. The forward

primer contained an NheI restriction site (underlined, see below). The

reverse primer was designed to include an arbitrary sequence (in

lowercase) that added an NheI restriction site (underlined) to the

amplified product. Human genomic DNA was isolated from HeLa cell

lines according to standard protocol. PCRs were performed in 50 ll
reaction buffer (50mM KCl, 10mM Tris, pH 8.5, and 1.5mM MgCl2)

with 250 ng genomic DNA, 10mM dNTPs, 50 pmol of each primer,

and 2.5U LA Taq DNA polymerase (Takara, Japan). The amplifica-

tion conditions were as follows: 4min at 94 �C, followed by 35 cycles of

94 �C for 30 s; 60 �C for 30 s; and 72 �C for 40 s, followed by 72 �C for

7min. The amplification products were separated on a 1% agarose gel

and visualized by ethidium bromide staining.

Forward primer: 50-GTATAGTAACCATAGTTGCTAGCC-30.

Reverse primer: 50-ctagctAGCCACTGCCTCCTAGGTTCTG-30.

Construction of luciferase reporter vector. To prepare the CKLFSF1

promoter region reporter gene construction, the PCR fragment from

above was NheI digested and cloned into the NheI site of the pGL3-

Basic vector (Promega) to obtain plasmids pGL3-CKLFSF1. The

vector lacks a promoter but contains the entire luciferase gene, SV40 T

intron, and polyadenylation signal. DNA sequencing was performed

by the dideoxynucleotide chain-termination method [16] using an ABI

automated DNA sequencer (3100 Genetic Analyzer). The nucleotide

sequences were performed on both DNA strands of the reporter

plasmids using sense and antisense vector-specific primers to confirm

the sequence and orientation. Sequencing data were BLAST compared

with the appropriate human genomic sequence.

Cell culture, transfections, and luciferase assay. HeLa and 293T

(SV40 large T antigen) cells were cultured in Dulbecco’s modified Ea-

gle’s medium (DMEM, Gibco) supplemented with 10% fetal calf serum

(FCS, Hyclone), 100U/ml penicillin G sodium, and 100mg/ml strep-

tomycin sulfate. A549, MCF7, and HT29 cells were maintained in

RPMI 1640medium supplemented with 10%FCS and 2mMglutamine,

100U/ml penicillin, and 100mg/ml streptomycin sulfate. All cell lines

were grown in 100-mm dishes containing 15ml of the medium and in-

cubated at 37 �C in 5% CO2. For transient transfections, the cells were

seeded into 24-well plates at a density of 4� 104 cells/well in the medium

and incubated overnight. Two hours prior to transfection, the medium

was renewed with the medium. Cells were transfected by the calcium

phosphate precipitation method [17]. Transfection reactions contained

a total of 1.2 lg of plasmid DNA/well, consisting of 1lg of reporter

plasmid and 0.2lg pEGFP, which was used to correct for transfection

efficiency. After transfection, cells were incubated in fresh medium for

an additional 24 h. Cells were then washed twice with calcium/magne-

sium-free phosphate-buffered saline and incubated in 50ll of cell lysis
buffer at room temperature for 15min. Ten microliters of cell lysate was

mixed with 50ll of Luciferase Assay Reagent (Promega) at room

temperature and the light intensity of the samples was counted imme-

diately in a POLARstar galaxy spectrometer (BMG Labtechnologies)

for 10 s at 25 �C. Each transfection was performed thrice and the

measurements were normalized with equivalent quantities of GFP.

Production of decoy fragment and stability analysis. DNA decoy

fragment was produced by PCR amplification using the CKLFSF1

sequence-specific sense primer (50 CTAGCTAGCTGGGATTACAG

GCGTGAG 30) and antisense primer (50 CTAGCTAGCTTATATA

CAGCGGTTTC 30) and pGL3-CKLFSF1 plasmid DNA as template.

As control DNA an unrelated 249 bp plasmid DNA fragment gener-

ated by PCR on the pGEM-plasmid was used.



Fig. 2. Northern blot analysis of expression of CKLF and CKLFSF1

mRNA. Commercially purchased multiple-tissue Northern blot filters

were hybridized with the probe corresponding to the complete ORF

encoding human CKLF (lane 1) or CKLFSF1 (lane 2) successively.
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The ‘in solution’ stability of PCR-generated DNA fragments was

analyzed incubating 300ng DNA at 37 �C for 48 h in water,

DMEM, DMEM supplemented with 10% FBS, and HeLa cell

conditioned medium. The cell conditioned medium was obtained

after the harvesting of HeLa cells grown to confluence. After incu-

bation, DNA samples were analyzed by electrophoresis in 1% aga-

rose gel.

Electroporation. HeLa cells which were maintained confluent for 2

days were used for these experiments. The cells were trypsinized and

washed with 10ml RPMI 1640 medium. After centrifugation the pel-

lets were resuspended in RPMI 1640 medium in a volume to give

107 cells/ml. Cells (200 ll) were placed in a 4-mm electroporation cu-

vette (Eurogentec) and 10 lg (20ll) of DNA solution was added. The

cells were electroporated with a single pulse (120V, 20mS) with a

Division of Genetronics electroporator system. The cells were kept in

the electroporation cuvette for 5min. The cells were then seeded into

6 cm plates with DMEM containing 10% FCS, incubated for 48 h, and

then harvested.

RT-PCR analysis. Cells were collected by scraping. Cell pellets were

washed with PBS and total RNA was isolated as described above.

cDNA was synthesized from 3 lg of total RNA using ThemoScript

RT-PCR system (Invitrogen) and random primers. The resulting

cDNA products were used to amplify fragments of CKLFSF1 and

G3PDH cDNA in 2.5U LA Taq DNA polymerase (Takara), on

GenAmp PCR System 9700 (PE Applied Bio Systems) with 30 cycles

for CKLFSF1 and 25 cycles for G3PDH cDNA. Following primers

and conditions were used:

CKLFSF1: F¼ 50 AATGAGTCATTTATAACAATCACAAG 30

R¼ 50 CAATGTAAATAGGTCAGCAAGTGGTG 30

The cycles were 30 s at 94 �C, 30 s at 58 �C, and 30 s at 72 �C;
G3PDH: F¼ 50 CTAGCTAGCTGGGATTACAGGCGTGAG 30

R¼ 50 CTAGCTAGCTTATATACAGCGGTTTC 30

The cycles were 30 s at 94 �C, 30 s at 58 �C, and 60 s at 72 �C.
The amplification products were separated on 1% agarose gel and

visualized by ethidium bromide staining. The PCR product was sub-

cloned into pGEM-T Easy vector (Promega) and subjected to DNA

sequencing by the dideoxynucleotide chain-termination method.
Results

Northern blot analysis of CKLF and CKLFSF1

To identify whether CKLF and CKLFSF1 are two in-

dependent genes, the complete ORF of each gene was

used as template for probe labeling (Fig. 2). The CKLF

(459 bp) probe identified a band at 0.6 bp and the

CKLFSF1 (503 bp) identified a transcript of 1.4 bp. There

was no cross-reactivity, suggesting that the two tran-

scripts are independent of each other. In addition, RT-

PCRwith an upstream primer within theCKLF sequence
and a downstream primer within the CKLFSF1 sequence

produced no specific PCR product (data not shown).

Taken together, these results suggest that CKLF and

CKLFSF1 are two independent genes.

Computational identification of the promoter region of the

human CKLFSF1 gene

We used a novel method to predict the CKLFSF1

gene promoter region. The promote potential score of a

300-bp sliding window is shown in Fig. 3. The largest
peak prior to the first exon of CKLFSF1 is predicted to

be the promoter region.

Sequence analysis of an 874 bp PCR fragment in-

cluding the putative promoter (Fig. 4) revealed that the

region contains a typical TATA box (TATATAA) [18]

from )197 to )191. In addition, this region contains

multiple bHLH binding site sequences (consensus
CANNTG) [19]. Several other potential binding sites for

transcription factors were identified by sequence com-

parison, including two AP1 sites [20,21] at nt )292 to

)299 and )829 to )836; a GATA1 binding site found at

nt )719 to )724 [20]; and an AP2 binding site [22,23]

located between nt )622 and )631. The presence of

these multiple transcription factor binding sites in the 50-

upstream sequence further suggested that the fragment
may contain the functional promoter.

Cloning of the promoter region of the human CKLFSF1

gene

We PCR amplified the potential CKLFSF1 promoter

region from human genomic DNA. The resulting 874 bp

fragment was cloned into the promoterless pGL3 re-

porter plasmid (Promega) in the forward orientation to

give pGL3-CKLFSF1. Sequencing with vector-specific

primers confirmed the CKLFSF1 genomic DNA se-

quence (GenBank Accession No. AC010542).

Functional characterization of the putative promoter

We used a luciferase assay to determine the func-

tionality of the putative CKLFSF1 promoter. The test

construct (pGL3-CKLFSF1), the positive control con-
struct (pGL3-SV40), and the negative control construct

(pGL3-Basic) were individually transfected into human

cervical carcinoma (HeLa, ATCC), human lung carci-

noma (A549, ATCC), human breast carcinoma (MCF7,

ATCC), human colon carcinoma (HT29, ATCC), and

human embryonic kidney [293T (expressing SV40 large

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AC010542


Fig. 3. Moving promoter-potential score of the CKLFSF1 gene sequence. The highest peak was predicted to be promoter due to the fact that there are

four coding exons (indicated by bold black lines) following it.

Fig. 4. Nucleotide sequence of the upstream region of CKLFSF1 gene. Potential cis-acting sequences are underlined. A TATA-like sequence is in

boldface. The region includes several kinds of potential cis-acting regulatory elements including multiple bHLH binding sites and AP1 binding sites,

AP2 binding site and several other elements (underline). Nt )1 is in front of the last nucleotide of the cloned genomic DNA.
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T antigen), ATCC] cell lines, along with the pEGFE

plasmid for internal control. The cells were harvested

24 h after transfection and luciferase activities were de-

termined by standard procedures. GFP activity was used
to normalize for variations in transfection efficiency. All

experiments were performed three times and normalized

for transfection efficiency. The luciferase assay results

(Fig. 5) demonstrated that the CKLFSF1 upstream re-

gion fragment displayed promoter activity in HeLa,

A549, and MCF7 cells but not in 293T and HT29

cells. In contrast, no promoter activity was observed

with transfection of the negative control construct
pGL3-Basic. These data suggest that the cloned up-

stream region of the CKLFSF1 gene may contain a

functional promoter to drive CKLFSF1 gene expression

in some cell lines.

Decoy assay

To confirm if the cloned upstream region of the

CKLFSF1 could drive CKLFSF1 gene expression in
vivo, the decoy technique was employed. As much as

214 bp fragment neighboring the TATA box (test DNA

sample) and 249 bp unrelated plasmid DNA fragment



Fig. 5. Promoter activity of CKLFSF1 gene 50-upstream region. The

left and right panels show the structures of the constructs and the

results of luciferase assay, respectively.
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(control DNA sample) were amplified by PCR (Fig. 6A).

First, to assess stability of PCR-generated DNA frag-

ments in different experimental condition, test DNA

sample and control DNA sample were incubated in
water, DMEM, DMEM plus 10% FBS, and cell con-

ditioned medium, subsequent analysis by electrophore-

sis. As shown in Fig. 6B, both DNA fragments were

stable for at least 48 h as shown by the presence of

electrophoretic bands corresponding to the original

molecular weight.

In addition, morphology of HeLa cells treated with

the PCR products did not differ from untreated cells
when examined under a phase-contract microscope

(data not shown).

DNA decoy experiments were performed on HeLa

cells treated with PCR production using electropora-

tion. Effects on CKLFSF1 gene expression were studied
Fig. 6. (A) Scheme of the 50-upstream region of CKLFSF1 gene. The posit

location and sequence of decoy fragment are indicated. A TATA-box seq

fragments. The 214 and 249 bp PCR products were incubated at 37 �C for 48 h

conditioned medium, subsequent analysis by 1% electrophoresis. m, Molecul

on modulation of gene expression. Representative electrophoretic gel of RT-P

were treated with 214 bp CKLFSF1-specific decoy (lane 1) or 249 bp unrelat

ethidium bromide standing. M, molecular weight marker (DL 2000). Specific

as an internal control.
by RT-PCR analysis. The same amount of RNA iso-
lated from test and control cells was reverse transcribed

with random primer. The cDNA obtained was amplified

by PCR using CKLFSF1 sequence-specific primers and

G3PDH sequence-specific primers. G3PDH PCR am-

plification was used as an internal control. The results

was indicated in Fig. 6C. The 104 bp of DNA fragment

was amplified by PCR. It is confirmed that this fragment

is a part of CKLFSF1 cDNA by DNA sequencing. The
treatment of HeLa cells with 214 bp decoy resulted in a

significant inhibition of CKLFSF1 mRNA compared

with unrelated 249 bp fragment, while G3PDH gene

expression is essentially unaffected, suggesting that the

effect of this DNA decoy was considered specific. These

results clearly indicate that the cloned upstream region

of the CKLFSF1 gene can drive CKLFSF1 gene

expression.
Discussion

Here, we report the first identification of the pro-

moter of one gene being located within a neighboring

gene. This identification was made through use of a new

method for promoter identification that is based on the
fact that transcription factor binding sites (TFBSs) ap-

pear in higher density in promoter sequences than in

other regions [24]. There are several existing programs

that use the high density of TFBSs in promoters as a

method for finding promoter regions [25], but our

method improves upon these by assuming that promoter

function involves the interaction of a group of tran-

scription factors corresponding to different binding sites.
Using the method, we identified a putative promoter for
ion of exon 1 and the upstream region of CKLFSF1 are shown. The

uence is in boldface. (B) Analysis of the stability of PCR-generated

in (a) water, (b) DMEM, (c) DMEM plus 10% FBS, and (d) HeLa cell

ar weight marker (DL 2000). (C) Effect of PCR-generated DNA decoy

CR products obtained from total RNA of HeLa cells was shown. Cells

ed decoy (lane 2). Expression of CKLFSF1 mRNA was visualized by

RT-PCR products were arrowed. G3PDH PCR amplification was used
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the CKLFSF1 located in the last intron of upstream
gene, CKLF.

Sequence analysis of the potential promoter region

revealed that the region contains a typical TATA box

(TATATAA), as well as multiple potential transcription

factor binding sites including bHLH, AP1, AP2, and

GATA1 binding sites. These results suggest that the

region could be a functional promoter region and

prompted us to test the promoter region in a functional
assay. According to the result of computational pre-

dicted promoter region of the CKLFSF1, we have

cloned and sequenced the 0.8 kb 50-upstream region of

CKLFSF1. Reporter assays using this region attached to

a luciferase gene showed cell-specific promoter activity

in HeLa, A549, and MCF7 cells, which expressed

CKLFSF1 mRNA, but not in 293T and HT29 cells,

which had no detectable CKLFSF1 mRNA by RT-PCR
(data not shown), further suggesting that a functional

promoter for CKLFSF1 might be located in the last

intron of upstream gene, CKLF. To obtain more evi-

dence about the cloned upstream region belonging to

CKLFSF1 gene promoter, we performed decoy experi-

ments in HeLa cells, which expressed CKLFSF1 mRNA

by RT-PCR and Northern blot (data not shown). The

results have shown that the 214 bp upstream fragment
neighboring the TATA box markedly inhibited

CKLFSF1 gene expression in HeLa cells. These suggest

that the predicted promoter is functional and can drive

CKLFSF1 gene expression.

We believe that this is the first report of a promoter

being located within the intron of another gene, though

there are several examples of same-gene promoters being

found within introns. This can occur in genes that have
more than one promoter. Usually, one promoter is lo-

cated upstream of the gene and another is found within

an intron. For example, the genes for rat acetyl-CoA

carboxylase gene [26], rat cAMP phosphodiesterase gene

[27], human growth hormone gene [9], and human

mdm2 [10], each have two promoters, one upstream of

exon 1 and the second in the first intron, upstream of

exon 2. Also, a promoter within intron 35 of the human
C4A gene initiates abundant adrenal-specific transcrip-

tion of that gene [28]. However, these examples are all

within the same gene. Here, we present evidence that a

functional promoter for CKLFSF1 is located within an

intron of the upstream gene, CKLF.

CKLF and CKLFSF1–4 are closely linked in a high-

density gene cluster on chromosome 16, with 325 and

312 bp separating the genes for CKLF and CKLFSF1,
and CKLFSF1 and CKLFSF2, respectively. In addition,

these genes show high degrees of similarity to each other

and to their mouse homologues (submitted data). Be-

cause of this, we would suggest that CKLF, CKLFSF1,

and CKLFSF2 may share an ancestral gene, which

formed several independent but overlapping genes dur-

ing evolution. It is interesting to speculate that promoter
regions of other closely linked genes may overlap into
neighboring genes and what the functional consequences

of this might be.
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