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ABSTRACT

The mouse lactoferrin gene promoter includes a
CAAT/GT box, GGGCAATAGGGTGGGGCCAGCCC,
which functions as the epidermal growth factor
response element (EGFRE) in human endometrial
carcinoma RL95-2 cells (RL95). A positive clone,
EGFREB, of 2575 bp length, was isolated from an
expression library of RL95 cells with a multimer of
the EGFRE sequence. In this work, we have identified
that EGFREB encodes the C-terminus of Kruppel-like
factor 5 (KLF5). This mRNA is most abundant in
human colon and small intestine. A full-length cDNA
clone was isolated from a human colon library using
EGFREB as the hybridization probe. The full-length
cDNA consists of 3336 bp with a 302 bp 5
1663 bp 3'-UTR, and a 1371 bp sequence coding for a
457 amino acid polypeptide. Based on its tissue
distribution and sequence homology to the mouse
IKLF, we renamed this protein IKLF. DNase | foot-
printing and electrophoresis mobility shift assay
confirmed the binding of IKLF to the EGFRE. The
human IKLF gene spans >20 kb in length and is
organized into four exons, whose intron/exon junctions
follow the GT/AG rule. The three zinc fingers are
encoded by three exons. Nuclear localization of IKLF
was demonstrated by green fluorescence protein
(GFP)-tagged IKLF in transfection experiments and
western analysis. Overexpression of IKLF in RL95 cells
represses the activity of reporter constructs containing
the CAAT/GT box of the mouse lactoferrin gene. These
findings imply that IKLF is a nuclear transcription factor
that binds to the CAAT/GT box, and functions as a modu-
lator of the mouse lactoferrin gene promoter activity.

INTRODUCTION

'-UTR, a

DDBJ/EMBL/GenBank accession nos*

response elements (1,2). A major DNA-binding motif of
transcription factors is the zinc finger domain (3,4). There are
several types of zinc finger domains, and transcription factors
are classified into families based on their motif-type. The
Kruppel-like factor (KLF) represents a subfamily of C2H2
zinc finger genes that contain multiple zinc finger motifs sepa-
rated by seven conserved amino acids (5-7). Members in this
subfamily (7—12) share high sequence homology within the
three zinc finger motifs, but very little homology within the
other parts of the protein. These transcription factors display
tissue-selective expression patterns, for example EKLF (8) is
highly restricted to erythroid cells whereas LKLF (7) is
predominantly expressed in lung. Likewise, GKLF (9,10) and
IKLF (12) are primarily in the gut, while BKLF (11) is widely
but not ubiquitously expressed in cell lines and tissues.
Proteins in this family bind GC/GT-rich sequences (13) and
the DNA co-crystal structure of zif268, a protein closely
related to the Kruppel-like factors, predicted CCNCNCCCN as
the consensus DNA binding site (14). Thus, regulation of
genes containing such binding sequences may be dictated by
the site of expression rather than by the binding specificity of
the Kruppel-like factor in different tissues.

It is well documented that the Kruppel-like factors act as
both positive and negative regulators, and are involved in
diverse aspects of eukaryotic gene expression (13,15,16).
EKLF was shown to activate theglobin locus control region
bothin vitro (8,17) andn vivo (18). The activating domain was
mapped to the proline-rich N-terminal half of the protein
(19,20). BKLF and IKLF are also able to activate a reporter
construct containing their binding element in transfected cells
(11,12). In contrast, GKLF is highly expressed in growth-
arrested cells and not in exponentially growing cells. Further-
more, overexpression of GKLF in transfected cells inhibits
DNA synthesis. Thus, GKLF is capable of repressing the genes
to which it binds in the gut (9). A functional domain which is
capable of mediating repression has been identified in the
Drosophila Kruppel protein (21) and recently in the human
counterpart of mouse GKLF (10,20).

We have shown previously that a CAAT/GT box in the
mouse lactoferrin gene termed the epidermal growth factor
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transiently transfected human endometrial carcinoma RL95-abeled 231 bp Buntranslated region (8JTR) of IKLF. The
(RL95) cells (22,23). We then used a multimerized form offragment was excised from the pBK-IKLF expression plasmid
EGFRE and isolated a partial cDNA clone called EGFREBby EcoRl and Sad digestion, and labeled with digoxigenin
from the RL95 expression library (24). This study describesith a non-radioactive labeling and detection kit for nucleic
the identification of a protein that binds to the EGFRE. A full- acids (Boehringer Mannheim, Indianapolis, IN). The auto-
length cDNA was isolated from a colon cDNA library with radiograms of the northern blots were scanned with a Chemi-
EGFREB as probe, and then the full-length cDNA was used témager™ 4000 (Alpha Inotech Corp), and the intensity of the
isolate the gene from a human genomic library. Sequendeands quantitated with AlphaEase™ (v.3.3) software.
analysis suggests that the cDNA encodes a member of the _ .
Kruppel-like family of transcription factors. This newly cloned 'Solation of genomic clones and Southern blot analysis
factor shares 93% sequence identity at the amino acid lev€enomic clones containing the IKLF gene were isolated from
with mouse IKLF (12), suggesting that the full-length a human umbilical vein endothelial cell genomic DNA library
EGFREB is the human counterpart of mouse IKLF. The(A DASH lI; Stratagene, La Jolla, CA). We screened 20°
human IKLF has an open reading frame of 457 amino acidphage with IKLF cDNA and obtained eight positive clones.
which includes the BTEB2 sequence (25) at its C-terminusThese clones were further probed with oligonucleotides from
This work demonstrates that IKLF binds to the CAAT/GT boxdifferent regions of the cDNA. Based on the hybridization
of the mouse lactoferrin gene. Overexpression of IKLF inresults, three clones (H3, H5 and H6) were analyzed further.
RL95 cells inhibits lactoferrin promoter activity in a dose- The smallest insert (clone H6) was isolatedMgtl digestion
dependent manner. Therefore, IKLF is likely to be a modulatoand subcloned into Bluescript SKorming a plasmid named
of its target gene(s) activity. IKLF-Gn. The 470 bp 5region of IKLF-Gn was obtained by
Sst/Not digestion, subcloned and sequenced. Thgehomic
sequence was obtained from this plasmid. Restriction maps of
MATERIALS AND METHODS the threeh genomic clones were obtained using the FLASH
Materials non-radioactive gene mapping kit from Stratagene. The intron/
N ] ) ) exon junctions were determined by automatic sequencing with
The human umbilical vein endothelial cell genomic DNA qligonucleotide primers to the cDNA. Intron lengths were
library and FLASH non-radioactive gene mapping kit weregetermined by restriction mapping and PCR analysis of the
obtained from Stratagene (La Jolla, CA). The human colopyenomic A clones and verified with the human placental
cDNA library was kindly provided by Dr R. Dubois (Vander- genomic DNA. Southern blot analyses were carried out with
bilt). The ABI Prism™ dye terminator cycle sequencing readyrestriction enzyme digestions of DNAs from human placenta
reaction kit for automatic sequencing was purchased fl’Ol‘(Ipromega, Madison, WI) and genomic clones followed by

Perkin  Elmer (Branchburg, NJ); reagents for manuahgarose gel separation, DNA transfer and hybridization to the
sequencing from US Biochemical (Cleveland, OH); radio-|K| F ¢cDNA and 5-UTR.

labeled compounds from either Dupont NEN (Boston, MA) or _ o _
Amersham (Arlington Heights, IL); the radipack GST purifica- Expressmn _and purlflqatlon of glutathlone S-transferase
tion module from Pharmacia (Piscataway, NJ); humarfusion protein and antibody production

endometrial carcinoma cell line RL9S from ATCC (Rockville, The |ongest IKLF cDNA clone (encoding the entire IKLF from
MD); tissue culture components from Life Technologies InC.3mino acid 1 to 457) and a’-Buncated cDNA (IKLR,
(Gaithersburg, MD). encoding IKLF from amino acid 1 to 128) were added into a
glutathione Stransferase (GST) fusion protein expression
system. The constructs were transformed into bacterial strain
The RL95 cDNA expression library (26) was screened withHB101 and the fusion proteins induced by IPTG after over-
labeled EGFRE concatenated oligonucleotides as describ@ghht incubation. GST fusion proteins were purified with a
(24,27). Four specific clones were identified after screeninRedipack GST purification module according to the manufac-
1.5x 1P plaques plated at a density ok8L.0* p.f.u./filter. One  turer's specifications (Pharmacia, Piscataway, NJ). Purified
of the clones, EGFREB, was completely sequenced by thgST fusion proteins were analyzed by 10% SDS-PAGE and
dideoxynucleotide chain termination method of Sanger (28jheir purity determined by Coomassie Blue staining. The
and by automatic sequencing with the ABI Prism™ dyeproteins were aliquoted and stored at 2ZQuntil use. Three
terminator cycle sequencing kit on both strands of the DNAfemale New Zealand White rabbits were immunized with
Three additional clones from a human colon cDNA library,500ug gel-purified GST—IKLF or GST-IKLE per rabbit
constructed in th&coRIl andXhad sites of plasmid pBK-CMV  followed by booster injections with 200y gel-purified fusion
(Stratagene, La Jolla, CA), were isolated and the longest, aft@otein at regular intervals.

sequencing and characterization, was designated IKLF.

Cloning and sequencing of cDNAs

Preparation of nuclear protein extract, electrophoresis
Northern blot analysis mobility shift assay (EMSA) and western blotting

Human adult multiple-tissue northern (MTN™) Blot | and Il Nuclear protein extracts prepared from the tissues of human
(Clontech, Palo Alto, CA) containingi2g poly(A)* RNA from  prostate, monkey endometrium, mouse uterus and mammary
the indicated tissues were hybridized with tH8P[dCTP- gland, and the cell lines Comma-D (mouse mammary gland
labeled EGFREB cDNA as previously described (23). Aftertumor), HB100 (human breast cancer), HEC-1B (human
the radioactivity had decayed (checked with X-ray film asendometrial carcinoma), HeLa (human cervix epitheloid carci-
negative), the filters were reprobed with the digoxigenin-noma) and RL95-2 (human endometrial carcinoma) were
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described previously (23,26). The double-stranded EGFRE qlasmids (2.5ug/3.5 cm well), B-galactosidase, plasmid
MRU (containing the EGFRE and CRE; the top strand of thepCH110 (0.251g9) and pBK-IKLF expression plasmid or pBK
nucleotide sequences are presented in Table 2) of the mougector (1.0ug) by the calcium phosphate method (30). Cell
lactoferrin gene was used as the probe in EMSA. The oligoextract preparations and CAT enzyme assays were as
nucleotides were labeled wit#2P]dGTP and Klenow frag- described previously (22,23). Relative CAT activity, after
ment at the 3ends by fill-in reaction. GST-IKLF fusion normalization for p-galactosidase activity, is presented as
protein (1.5-2.Qug) was incubated with 0.3 ng labeled probe meanst SD. All experiments were repeated at least three times
(1.5x 10%c.p.m.) in a binding reaction at room temperature forwith duplicated samples in each experiment.

15 min before electrophoresis. Antibody supershift of the )

protein—DNA complex was conducted by incubating the anti:Ge€nBank accession number

body with the fusion protein at room temperature for 15 minThe nucleotide and the deduced amino acid sequences of IKLF

prior to the addition of probe and reaction buffer. For competihave been submitted to GenBank. The accession numbers are
tion analyses, the labeled probe and 100-fold molar excess efanklt256860 and AF132818.

unlabeled oligonucleotide were added to the incubation reac-
tion at the same time. Following binding, the reaction mixtures
were electrophoresed on a 5% non-denaturing polyacrylamid@ESULTS
gel in 0.5¢ TBE buffer. The gel was dried and exposed to
X-ray film at —70°C overnight. For western blotting, the
nuclear proteins were separated on 4-12% NuPAGE (NoveX,o identify transcription factors involved in the EGF respon-
San Diego, CA), blotted onto a nitrocellulose membrane, andiveness of the lactoferrin gene, a cDNA expression library
the presence of IKLF in the nuclear protein was tested witlirom RL95-2 cells was screened with a concatenated EGFRE
IKLF antiserum and ECL detection (Amersham, Arlington sequence (24). Among the X8.(F clones screened, four posi-
Heights, IL). tive clones were identified. The longest one, EGFREB, was
. , 2575 bp (Fig. 1A). Sequence analysis of EGFREB showed a
DNase | footprinting analysis perfect match to the BTEB2 sequence at the overlapping
The 104 bp upstream fragment of the mouse lactoferrin genkegion (25) with two exceptions: there is a 1 nt addition at the
(+1 to —103; see Table 2 for nucleotide sequence) waS-end of EGFREB (nucleotide position 849 in Fig. 1B) and the
subcloned into thé&caRl site of Bluescript SK by blunt-end  last three nucleotides of BTEB2 (CCC) are changed to AAAin
ligation. The desired DNA fragment was isolated with eitherEGFREB (nucleotide positions 1754-1756 in Fig. 1B). The
Hindlll/ Sma or Hincll/BanHI digestion and end-labeled with nucleotide sequence of EGFREB is 303 bp shorter at-i¢@
[0-32P]dATP at the 3ends of both top and bottom strands and 1580 bp longer at its-8nd than the BTEB2 sequence
according to a previously described protocol (26). SpecifidFig. 1A). Although the polypeptide encoded by both BTEB2
activity of the labeled DNA was 3-8 10’ c.p.m.[1g. Protein and EGFREB ends with the same C-terminal amino acid
binding and DNase | protection assays were performegdequence (position 1683 in Fig. 1B), EGFREB has an open
according to Roesleat al. (29). The samples were analyzed onreading frame of 304 amino acids whereas BTEB2 consists of
a 6% denaturing polyacrylamide sequencing gel. Chemicad19 amino acids (Fig. 1A).
DNA sequencing reactions for G and G+A were performed on Since EGFREB encodes a continuous open reading frame
the same DNA fragment and were included as markers (28). from the beginning of the cDNA, we believe that this cDNA
. might be incomplete. To obtain a full-length cDNA, EGFREB
Confocal microscopy was used to screen the human colon cDNA library under high
The IKLF cDNA fragment (nucleotide positions 163-2667), stringency hybridization and washing conditions which
which includes the entire peptide coding region, was excisetesulted in the identification of three positive clones, the
from plasmid pBK-IKLF byTad digestion. The green fluores- longest of which was 3336 bp. This clone, like EGFREB, has
cence protein (GFP)-IKLF fusion protein was generated byo in-frame stop codon at its’-8nd. Using a PCR-RACE
introducing the IKLF fragment into the pEGFP-C1 (Clontech,procedure, we were unable to generate any longer product and
Palo Alto, CA) expression vector using akcd site. The thusitwas assumed that this clone is full length. The presumed
construct was verified by restriction enzyme digestion andull-length cDNA clone has 93% sequence homology to mouse
automatic sequencing. The IKLF-GFP fusion plasmidy@p IKLF (12), therefore, it was named human IKLF (Fig. 1A). A
was transiently transfected into HeLa cells by electroporatiosubsequent RNase protection assay confirmed thaté&adis
at a capacitance of 960F at 250 V using a Gene Pulser Il 10 bp away from the transcription initiation site (arrow in Fig.
system (Bio-Rad, Hercules, CA). The cellular localization of1B). The first methionine codon appears 302 bp from the
the IKLF-GFP fusion protein was viewed 24 h later with abeginning of the cDNA clone (position 313 in Fig. 1B) and the
Zeiss LSM-310 confocal microscope equipped with an argondpen reading frame continues for 457 amino acids before

Cloning and characterization of the human IKLF cDNA

krypton laser. encountering a stop codon. The nucleotide sequence
i surrounding the methionine codon conforms to Kozak’s rule
Cell culture, transfection and CAT assay for translation initiation (31). The IKLF cDNA has 1663 bp of

Human endometrial carcinoma cells (RL95-2, ATCC no.3-untranslated sequence. A polyadenylation signal (32)
CRL1671) were maintained in Dulbecco’s modified Eagle’sappears 25 bp before the beginning of the poly(A) tract.

medium/Ham’s F12 (1:1) supplemented with 10% fetal calf The deduced IKLF amino acid sequence is rich in proline
serum (FCS) (Life Technologies Inc.) as previously describedesidues (~13%) which is randomly distributed throughout the
(22). The cells were co-transfected with mLF0.1-CAT reporteiprotein outside the zinc finger region. However, two short
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A

5 IKLF (457a.a) 3

1683

EGFREB (304a.a)

77 1683 3346

BTEB2 (219a.a)

200bp

—

1027 1683 1767

stretches of Pro/Ala/Gln (17 amino acids) and Pro/Ser (1(
amino acids) are present. In addition, there are nine potenti:
phosphorylation sites and three glycosylation sites in IKLF.
Interestingly, six of the phosphorylation sites are distributed
within the N-terminal region. IKLF has three zinc finger motifs
near its C-terminal end. The amino acids in these zinc finger:
conform to the consensus zinc finger sequence in the Kruppe
like gene family (7). The seven amino acids in between the
fingers are conserved and conform to the H-C link consensu
sequence in the family. A diagrammatic presentation of the
IKLF peptide structure is shown in Figure 1C.

A search of the computer databases for nucleotide and amir
acid sequences similar to IKLF was performed. The only iden:
tical match found was BTEB2, although many sequences wer
similar to IKLF within its C2H2 zinc finger domains. The
Kruppel-like family members (7,8,10-12,33) share 80-85%
homology over the three zinc finger domains with IKLF (Fig.
1D). Outside the zinc finger domains, IKLF shares very little
sequence homology with the other Kruppel-like factors,
although the N-terminal regions of these proteins are proline
rich.

Expression of the IKLF mRNA and protein

Tissue-specific expression of IKLF was examined using
northern blot analyses of poly(ARNA from human tissues
(human adult multiple-tissue Blot | and IlI; Clontech) with
EGFREB cDNA as the probe (Fig. 2A). A single transcript
3.4 kb in length was present in all tissues except testis, wher
the major mRNA was 1.5 kb in length. This smaller mRNA
transcript may be formed by alternative splicing and/or
different usage of poly(A) adenylation signals. It is not clear
whether the IKLF protein produced from the testis-specific
MRNA is smaller than the protein in other tissues. The IKLF
mMRNA is selectively expressed in human tissues and is mos
prominently expressed in the colon and small intestine; in
brain, liver, spleen and white blood cells the IKLF transcript is
undetectable. Northern blot data were quantitated by phos
phorimager analysis under the assumption that IKLF poly(A)
RNA is recovered equally from various human tissues. By
normalizing all values to the lowest signal (heart tissue), the
following relative IKLF mRNA levels were calculated: heart,
1; kidney, thymus and ovary, 1.2—-1.4; pancreas, 2.8; lung, 2.¢
placenta, skeletal muscle, prostate and testis, 5.0-5.7; smz
intestine, 9.5; colon, 11.5.

To confirm IKLF mRNA expression, northen blots were
rehybridized with an IKLF-specific probe. Thé-BTR of the
IKLF cDNA (nucleotides 11-241 in Fig. 1B), which is unique

to IKLF and absent from BTEB2, was prepared as a digoxidetected with this probe and the EGFREB cDNA probe in all
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.. . .GCGGCCGCCCTGCGCGCGAAGCTCGTGGCCCGAGAGGGGTGCGGTCGGGCCGACGG
AGGCGGGGCCCTGGCTGCCTCTCTCCCTGCTCATAGGCTGGCCGCTCAGGCCTGGCCGGT
CTCGGGGCCTCGGGATTCGCGGCGGCGCTGCCAATCAGGCGATCGGGCCCCGCCCCCCCG
GAGTTGGGTGAAATAGAGGCGGGCGTCAAGTGTCAGTAGTCGCGGGGCEFGTACGTGC&C
TCGCGGTTCTCTCGCGGAGGTCGGCGGTGGCGGGAGCGGGCTCCGGAGAGCCTGAGAGCA
CGGTGGGGCGGGGCGGGAGAAAGTGGCCGCCCGGAGGACGTTGGCGTTTACGTGTGGAAG
AGCGGAAGAGTTTTGCTTTTCGTGCGCGCCTTCGAAAACTGCCTGCCGCTGTCTGAGGAG
TCCACCCGAAACCTCCCCTCCTCCGCCGGCAGCCCCGCGCTGAGCTCGCCGACCCAAGCT
AGCGTGGGCGAGGTGGGAAGTGCGCCCGACCCGCGCCTGGAGCTGCGCCCCCGAGTGCCC

ATGGCTACAAGGGTGCTGAGCATGAGCGCCCGCCTGGGACCCGTGCCCCAGCCGCCGGCG
M A TURVL SMSARTLGU?PV P QP P A

CCGCAGGACGAGCCGETGTTCGCGCAGCTCAAGCCGGTGCTGGGCGCCGCGAATCCGGCC
P QDEZPVFAQTLTZKTPVLGA AHATNTZPA

CGCGACGCGGCGCTCTTCCCCGGCGAGGAGCTGAAGCACGCGCACCACCGCCCGCAGGCG
R D AALVF P GEETLI K HAHUHETR RPOQ A

CAGCCCGCGCCCGCGCAGGCCCCGCAGCCGGCCCAGCCGCCCGCCACCGGCCCGCGGLTG
Q P AP A QAP QP AQ P P AT G P R L

CCTCCAGAGGACCTGGTCCAAACAAGATGTGAAATGGAGAAGTATCTGACACCTCAGCTT
P PEDLV QTR R CEMMEI K YL T L

CCTCCAGTTCCTATAATTCCAGAGCATAAAAAGTATAGACGAGACAGTGCCTCAGTCGTA
P P V P I I P E H K K R R D

GACCAGTTCTTCACTGACACTGAAGGGTTACCTTACAGTATCAACATGAACGTCTTCCTC
D QF F TDTEGTULPY S I M N V F L

CCTGACATCACTCACCTGAGAACTGGCCTC TACAAATCCCAGAGACCGTGCGTA.
P DI T™HULRTSGUL Y K S Q R P C V TH

ATCAAGACAGAACCTGTTGCCATTTTCAGCCACCAGAGTGAAACGACTGCCCCTCCTCCG
I K T E P V A I F S HQ S ETTA P P

GCCCCGACCCAGGCCCTCCCTGAGTTCACCAGTATATTCAGCTCACACCAGACCGCAGCT
A P T QAL P EF TS I F S S HOQ T A A

CCAGAGGTGAACAATATTTTCATCAAACAAGAACTTCCTACACCAGATCTTCATCTTTCT
P E V NN I F I K Q E L P T P D L

GTCCCTACCCAGCAGGGCCACCTGTACCAGCTACTGAATACACCGGATCTAGATATGCCC
v P T G H L Y Q L L NT P D L D M

AGTTCTACAAATCAGACAGCAGCAATGGACACTCTTAATGTTTCTATGTCAGCTGCCATG
S § T NQTAAMUDTULNUV S M S A A M

GCAGGCCTTAACACACACACCTCTGCTGTTCCGCAGACTGCAGTGAAACAATTCCAGGGT
A G L N T H T S A V P Q T AV K QF Q G

ATGCCCCCTTGCACATACACAATGCCAAGTCAGTTTCTTCCACAACAGGCCACTTACTTT
M P P CTY TMZP S Q F L P Q QA T Y F

CCCCCGTCACCACCAAGCTCAGAGCCTGGAAGTCCAGATAGACAAGCAGAGATGCTCCAG
P P S PP S S E PG S PDURQAEMTLQ

AATTTAACCCCACCTCCATCCTATGCTGCTACAATTGCTTCTAAACTGGCAATTCACAAT
N L TP P P S Y A A TIAS KL ATIHN

CCARATTTACCCACCACCCTGCCAGTTAACTCACAAAACATCCAACCTGTCAGATACAAT
P NL P TTULUPVDNS QQNTIOQUPVR YN

AGAAGGAGTAACCCCGATTTGGAGAAACGACGCATCCACTACTGCGATTACCCTGGTTGC
R R S N P DL EXURIRTIUHY CD Y

ACAAAAGTTTATACCAAGTCTTCTCATTTAAAAGCTCACCTGAGGACTCACACTGGTGAA
T KV Y T K 8§ H L KA HULU RTHT G E

AAGCCATACAAGTGTACCTGGGAAGGCTGCGACTGGAGGTTCGCGCGATCGGATGAGCTG
K P Y K CTWEGCDWURFAIR S DE L

ACCCGCCACTACCGGAAGCACACAGGCGCCAAGCCCTTCCAGTGCGGGGTGTGCAACCGC
T R HY RKHTGAZ KUPTF QCGV CNR

AGCTTCTCGCGCTCTGACCACCTGGCCCTGCATATGAAGAGGCACCAGAACTGAGCACTG
S F S L H M K R H N ¥

CCCGTGTGACCCGTTCCAGGTCCCCTGGGCTCCCTCAAATGACAGACCTAACTATTCCTG
TGTAAAAAC, AAAACAAACAAAAGCAAGAAAACCACAACTAAAACTCGARATGTAT

ATTTTGTATATTTGAGAAAACAGGGAATACATTGTATTAATACCAAAGTGTTTGGTCATT
TTAAGAATCTGGAATGCTTGCTGTAATGTATATGGCTTTACTCAAGCAGATCTCATCTCA
TGACAGGCAGCCACGTCTCAACATGGGTAAGGGGTGGGGGTGGAGGGGAGTGTGTGCAGC
GTTTTTACCTAGGCACCATCATTTAATGTGACAGTGTTCAGTAAACAAATCAGTTGGCAG
GCACCAGAAGAAGAATGGATTGTATGTCAAGATTTTACTTGGCATTGAGTAGTTTTTTTC
AATAGTAGGTAATTCCTTAGAGATACAGTATACCTGGCAATTCACARATAGCCATTGAAC
AAATGTGTGGGTTTTTAAAAATTATATACTATATGAGTTGCCTATATTTGCTATTCAAAA
TTTTGTAAATATGCAAATCAGCTTTATAGGTTTATTACAAGTTTTTTAGGATTCTTTTGG
GGAAGAGTCATAATTCTTTTGAAAATAACCATGAATACACTTACAGTTAGGATTTGTGGT
AAGGTACCTCTCAACATTACCAAAATCATTTCTTTAGAGGGAAGGAATAATCATTCAAAT
GAACTTTAAAAAAGCAAATTTCATGCACTGATTAAAATAGGATTATTTTAAATACAAAAG
GCATTTTATATGAATTATAAACTGAAGAGCTTAAAGATAGTTACAAATACAAAAGTTCAA
CCTCTTACAATAAGCTAAACGCAATGTCTTTTTAAAAAGAGGACTTAGGGTGTCGTTTTT
CACATATGACAATGTTGCATTTATGATGCAGTTTCAAGTACCAAAACGTTGAATTGATGA
TGCAGTTTTCATATATCGAGATGTTCGCTCGTGCAGTACTGTTGGTTAAATGACAATTTA
TGTGGATTTTGCATGTAATACACAGTGAGACACAGTAATTTTATCTAAATTACAGTGCAG
TTTAGTTAATCTATTAATACTGACTCAGTGTCTGCCTTTAAATATAAATGATATGTTGAA
AACTTAAGGAAGCAAATGCTACATATATGCAATATAAAATAGTAATGTGATGCTGATGCT
GTTAACCAAAGGGCAGAATAAATAAGCAAAATGCCAAAAGGGGTCTTAATTGAAATGAAA
ATTTAATTTTGTTTTTAAAATATTGTTTATCTTTATTTATTTGGGGGTAATATTGTAAGT
TTTTTAGAAGACAATTTTCATAACTTGATARATTATAGTTTTGTTTGTTAGAAAAGTAGC
TCTTAAAAGATGT: TAGATGACAAACGATGTAAATAATTTTGTAAGAGGCTTCAAAAT
GTTTATACGTGGAAACACACCTACATGAAAAGCAGAAATCGGTTGCTGTTTTGCTTCTTT
TTCCCTCTTATTTTTGTATTGTGGTCATTTCCTATGCAAATAATGGAGCAAACAGCTGTA
TAGTTGTAGAATTTTTTGAGAGAATGAGATGTTTATATATTAACGACAATTTTTTTTTGG
AAAATAAAAAGTGCCCTAAAAGAAAAAAAAAAGG 3346

genin-labeled probe. Similar patterns of expression weréissues (data not shown).

20

40

60

80

100

120

140

160

180

320

340

360

380

400



Nucleic Acids Research, 1999, Vol. 27, No. 2811

Py P, PsP.Ps Ps P; Ps Py
1 1 111 1 !! 1 1 ¥ 1
v H ElEE -
T T T LI T 1
1 57 75 301312 373 457aa
D
ZF | ZF li ZF 1l
_ ~ LI o = LI - - o L L
HY|ADYPGLITKVYTKSSHLKAHLR EKPYKTWEGCDWRFARSDELTRHYRKHTGAKPFOAGVIONRSF SRSDHLALHMK IKLFh
HY|DYPGLITKVYTKSSHLKAHLR EK PYKCJTWEGCDWRFARSDELTRHYRKHTGAKPFOQGVIONR SF SRSDHLALHMK BTEB2h
HFODYNGCTKVYTKS SHLKAHLR THTGEK PYKC'WEGCDWRF ARSDELTRHYRKHTGAKPF OMVQQRSF SRSDHLALIHMK IKLFm
HTODYAGCGKTYTKSSHLK THTGEK PYHODWDGCGWKF ARSDELTRHYRKHTGHRPF QUQKCDRAF SRSDHLALHMK GKLFm
HRODYDGCNKVY TKS SHLKAHRRTHTGEK PYK(TWEGC/TWKF ARSDEL TRHFRKHITG 1K PFQUPDODRSF SRSDHLALHRK BKLFm
HTCDYAGCEKTYTKS SHLKAHL RTHTGEK PYHODWDGCGWKF ARSDEL TRHY RKHTGHR PFJQQKIDHAF SRSDHLALHMK EZFh
HTSYTNCEKTYTKS SHLKAHLRTHTGEK PYHONWEGCGWKF ARSDEL TRHY RKHITGHR PFQJOHLIQDRAF SRSDHLALHMK LKLFm
HROHFNGCRKVYTKSSHLKAHORTHTGEK PYROSWEGCEWRF ARSDELTRHFRKHTGAK PFKASHODRCF SRSDHLAL CPBPh
HTCAHPGLEKSYTKSSHLKAHL RTHTGEK PY AQTWEGLGWRF ARSDEL TRHY RKHTGORPFRAQLJPRAF SRSDHLAL{H EKLFh

Figure 1. (Opposite and above) The cDNA antigenomic sequence of IKLFA() Relationship between the cDNA clones of IKLF, EGFREB and BTEB2. The
lines indicate the untranslated regions of each cDNA; the numbers under the lines indicate the nucleotide position assigned according iftitheibhitiaton site

(+1). The filled boxes indicate the open reading frame of each cDRAComplete nucleotide sequence and deduced amino acid sequence of IKLF. Numbers
on the right refer to the peptide and on the left to the nucleotide sequence. The transcription initiation site is boxed and marked as +1 and theftibginnin
longest IKLF cDNA clone is marked by an arrow. The poly(A) adenylation site is underli@gd $chematic presentation of the IKLF polypeptide. Nine potential
phosphorylation sites are labeled P1-P9, and the three glycosylation sites are marked by solid arrowheads. The amino acid (aa) positionzio tiiregdree

and Pro/Ala/GIn (PQ) and Pro/Ser (PS) clusters are indicaBgdAihino acid sequence alignment of the zinc finger DNA-binding domain of IKLF and related
proteins. The three zinc finger regions are aligned according to the position of two C and two H residues in human IKLF [IKLFh (B)], human BTEB2 (BTEB2h;
25), mouse IKLF (IKLFm; 12), mouse GKLF (GKLFm; 9), mouse BKLF (BKLFm; 11), human EZF (EZFh; 10), mouse LKLF (LKLFm; 7), human CPBP
(CPBPh; 47) and human EKLF (EKLFh; 8). The C2H2 zinc finger amino acids are boxed, and the DNA contact amino acids (35) are indicated by solid square
boxes above the sequence.

IKLF protein was detected in nuclear extracts of Comma-D protection. Using mRNA from three different cell lines, Hela,
RL95, mouse uterus and mammary gland tissues by westetiEC-1B and RL95-2, the transcription initiation site was
blot analyses (Fig. 2B). Antiserum generated against GSTmapped to a position 10 bp upstream from the full-length
IKLF (amino acids 1-457) identified a major band of 57 kDacDNA clone (data not shown); this nucleotide is designated +1
(lanes 5-8). Antiserum against GST-IKARamino acids 1- in Figure 1B. A partial genomic sequence (224 bp) including
128), which includes only the N-terminal 128 amino acids ofthe beginning of exon 1 showed a high GC content and several
IKLF, also detected the 57 kDa protein (lanes 1-4). In Comma-[yotential Sp1 binding sites were found in this region.
nuclear extract, a smaller band at 39 kDa was detected by bothTne |KLF gene is organized into four exons and its intron/
antisera. Other nuclear extracts that showed the 57 kDa protegyon junctions conform to the conserved GT/AG dinucleotide
were Hela, HEC-1B and HBI100 cells, human prostate an%;ttern (Table 1). The first exon is 573 bp and encodes the first
monkey e_ndometrlum (data not shown). qued on.the Qeduc amino acids. The 874 bp second exon encodes the 291
amino a(_:'d sequence of IKLF, _the _predlcted_ Size 1S Onlyamino acids that make up the major N-terminal portion of the
50.7 kDa, therefore, t_he Slower migrating protein species m?}ﬂrotein and the first four amino acids of the first zinc finger.
carry a post-translational modification, such as phosphoryyy, o i exon is the smallest (60 bp) and encodes 20 amino
lation or glycosylation. To confirm that IKLF is mainly present cids including the rest of the first zinc finger. The second and

in the nucleus, we transfected a fusion plasmid of IKLF an hird zinc fingers are encoded by exon 4 (59 amino acids). A
GFP into HelLa cells. Twenty four hours after transfection, the d fg” . diatel yﬁ he third zine fi :
fusion protein was localized to the nucleus, as visualized b top codon follows iImmediately after the third zinc finger. Itis
confocal microscopy (Fig. 2C). This confirms that IKLF is a nteresting to f|r_1d thgt th? splicing patterns in the_ zinc fmgey
nuclear factor region are identical (junctions of the second and third introns in
' Table 1) and that they may reflect a duplication event
Isolation of the IKLF gene involving a small group of amino acids (2). The intron between

Three clones for the IKLF gene were isolated from a humadhe third and fourth exons is huge, Spa””ir.‘g >14 .kb' Thereis a
umbilical vein endothelial cell genomic DNA library with the 10ng; untranslated sequence after the coding region and before

IKLF cDNA. The genomic clones were characterized bythe polyadenylation S|te,. making the fourth exon 1839 bp_ln
Southern blotting, PCR and restriction enzyme mapping. Twéehdth. Southern analysis of the human genomic DNA with
of the clones, H5 and H6, include the first three exons of IKLFCDNA and 8-UTR probes showed that IKLF is a single copy
and the third clone, H3, includes a partial exon 2 and complet@€ne (data not shown).

exons 3 and 4. Although the IKLF gene spans >20 kbin Iengt_hIKLF binds the EGFRE and MRU of the mouse

it has only four exons. The organization of the gene IS 4ctoferrin gene

presented in Figure 3. Primer extension experiments failed t& 9

identify the transcription start site due to its high GC contentTo characterize the ability of IKLF to bind to the EGFRE, we
However, the transcription start site was identified by RNasexpressed IKLF as a GST fusion protein in bacteria and carried



4812 Nucleic Acids Research, 1999, Vol. 27, No. 24

out EMSA experiments. Purified fusion protein was used in the

A EMSA with the double-stranded oligonucleotides shown in
gf @3 Table 2. Figure 4 shows that the fusion protein bound strongly
v s i{, s &8 {;‘f" gﬁ‘gﬁ; & g"}é, to the EGFRE (Fig. 4A, lane 1, and Fig. 4B, lane 1), and the
b EFESSS :fq* w EEELTF 7 protein—-DNA complex was supershifted by antiserum raised
as5- 5= Lmi _ against GST-IKLF (Fig. 4B lane 2, arrow). The binding was
s ol o O eliminated by a 100-fold molar excess of unlabeled competitor
4.4 = - “a-l Rt e EGFRE (Fig. 4A, lane 2) and by a BTEB2 binding element
- -— - . .
wy-e z (lane 6) but not by EGFRE sequences carrying mutations
T i r (lanes 3-5), suggesting that the DNA binding was sequence
iset i - B specific.
a0 Tt B A 4 10 11 12 19 14 15 16 Table 1. DNA sequence of the exon/intron boundaries of IKLF
Exon Intron
Exon Size Exon/Intron Junction Size
B (bp) (kbp)
GST-IKLFA Ab GST-IKLF Ab 1 573 ch.cze.sgc.cea:;taggaa ....... tcttttgtagAgA.A;A.T(éT.GgA >2.1
. I 5 = ﬁ §_"§ a % g ' 2 874 TgC.GgT.TAC.CCT.thatgtg ...... cctttattttaggT.TgC‘A:A.A:A >1.2
KDa Eo@C E EOCXE 3 60 AGG.ACT.CAC.ACT.Ggtatgta...... gttgtcacagGT.GAA.AAG.CCA >14
i R T H T G E K P
91— 4 1839
64| oo 3l e |-
61 - - Table 2. Sequences of the oligonucleotides
- = — -—
® - Top Strand of mLF0.1 (-103 to +1, ref.22)
28 - -103 GGCAATGGGGCTGGAAGGCAGGCCTATTGGGCAATAGGGTGGGGCCAGCCC
14— GGTGAGGTCACCCAGCACAGATARAGGGCCCCGGGGAGAGGGCAGAAGCCAGG  +1

1 2 3 4 5 & 7 8

Top Strand of mLF Oligonucleotides Used in EMSA
(GATC is included in both strands, ref. 22,23)

=75 -40
MRU GGGCAATAGGGTGGGGCCAGCCCGGTGAGGTCACCC
EGFRE GATCGGGCAATAGGGTGGGGCCAGCCC
CRE GCCCGGTGAGGTCACCCAGCA
mé ta
ml0
mll 't
ml2 ttt
ml5 cgtgcact,

GC Rich Response Elements Used in EMSA

BTEB2 5 ' ~-GATCGAGAAGGAGGCGTGGCCAAC-3"'

Ref.25 3'=CTCTTCCTCCGCACCGGTTGCTAG
GERE 5 ' ~GATCTGGGGCGGGGTGGGGGGAT-3 "
Ref.37 3'-ACCCCGCCCCACCCCCCTACTAG-5"
Myc-specific 5'-CCTTCCCCACCCTCCCCACCCTC-3"
Ref.38 3 ' -GGGTGGGAGGGGTGGGAGGGGTA-5"
Spl 5 ' ~ATTCGATCGGGGCGGGGCGAGC-3 '
Ref.48 3'-CTAGCCCCGCCCCGCTCGCTTA-5'

The extent of the DNA region bound by GST-IKLF was
Figure 2. The IKLF mRNA and protein. &) Tissue distribution of human €Xamined using DNase | footprinting ona DNA fragme_m from
IKLF mRNA. Two micrograms of poly(A) mRNA from each of the various the mouse lactoferrin gene promoter (Fig. 5). The region from
human tissues on the northern blots (Clontech) were hybridized t8fhe  _103 tg +1 was used in the footprinting ana|yses (Table 2)_ The

labeled EGFREB cDNA. The IKLF mRNAs are indicated by arrowB) ( P -
Western analysis of IKLF protein in human cell lines and mouse tissuestesuItS indicate that both strands of the entire EGFRE are

Nuclear protein extract from Comma-D (CD) and RL95-2 cells and the mous®rotected by GST—IKLF (lanes 5 and 10). The nuclear protein
uterine and mammary gland tissues were separated on 4-12% NuPAGExtract (NPE) from RL95 cells protects the CRE and
(Novex) and blotted onto a nitrocellulose membrane. IKLF was detected usingg ATAAA regions in addition to the EGFRE (|anes 4 and g)_

a 10 000-fold dilution of the polyclonal rabbit antiserum against GST-IKLF h »
(rabbit 4723) or GST-IKLR (rabbit 4721) and an ECL detection kit. o | € nucleotides protected by GST-IKLF are shown under the

molecular weight marker (Novex, see blue marker) is indicated on the left an@€! (Fig. 5).

IKLF is marked by an arrow.q) IKLF is a nuclear protein. IKLFGFP fusion IKLF binding to the EGFRE in the context of MRU
constructs were transfected into HeLa cells by electroporation. The fluore Containing both the EGFRE and CRE: sequence in Table 2)
cence was detected with a Zeiss LSM-310 confocal microscope. The ima%l - . A .
was acquired on the microscope at 54312 resolution over a 32 s exposure as also |nvest|gated by EMSA using MRU as probe with

period. GST-IKLF fusion protein. As expected, IKLF bound to MRU
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Figure 3. Organization of the human IKLF gene. Partial restriction endonuclease maps of the genomic clones H3, H5 and H6 containing the IKLF exon sequence
are shown. The lines represent introns, and the filled boxes represent exons. The boxes with numbers indicate the zinc finger coding exongs e chaivim
scale. HHindlll; X, Xba; R, EcoRl; B, BanHl.

(Fig. 6, lane 2) and a 100-fold molar excess of unlabeled A B
EGFRE or MRU oligonucleotide competed equally well with

the labeled probe (lanes 3 and 4). It was interesting to find that Prte EGFRE Proe EGFRE
IKLF formed a doublet when bound to MRU; it is possible that Fe LS S S S P+ o+
IKLF binds MRU as a homodimer. In the competition studies, P o

MRU oligonucleotides were made with mutations in either the comoetior - é{s S 5;3* ab - +

EGFRE (m10 and m15) or CRE (m6) and the mutant oligo-
nucleotides were used as competitors in EMSA (Fig. 6, lanes
5-7). Oligonucleotides containing mutations in the EGFRE

region failed to compete (m10, lane 5; ml5, lane 6). In
contrast, a competitor with a mutation in the CRE region (m6)
competed as well as the wild-type sequence competitor (lane

-_—
e . m

. — compliax

7). These results imply that IKLF binds to the EGFRE region.
Other GC-rich binding elements such as the BTEB2 binding
element (lane 8) and Sp1 binding site (lane 11) competed very
efficiently with the wild-type EGFRE, whereas the gastrin
EGF response element (GERE) competed with reduced effi-
ciency (lane 9). The Myc binding element is a weak competitor
(lane 10).

The mouse lactoferrin gene promoter is repressed by n e
IKLF in RL95-2 cells o

— o —
i 2 3 4 5 6
To study the effect of IKLF on the mouse lactoferrin gene

promoterin vivo, a plasmid expressing IKLF was co-trans- Figure 4. Spe?ig?s imeraCftior_l between ?Sy—IKLF_ andbthedEG';Rf) ITV\E)OI §

; I micrograms o HKLF fusion protein (FP) were incubated with the labele
]]:eCt.ed with a reporter Consotrucécontammg the rgouse II?CtOrIgGFRE oligonucleotide. A 100-fold molar excess of unlabeled EGFRE,
errnn Prom_o'[er (mLF 1= AT) into RLY5 C_e S mutant EGFRE (m10, m11 or m12) or BTEB2 binding element (BTEB2) was
Overexpression of IKLF repressed the basal transcriptionalsed as the competitor DNA. The nucleotide sequences of the competitors are

activity of the mouse lactoferrin gene promoter in a doseindicated in Table 2.K) One microliter of rabbit antiserum to GSIKLF
dependent manner (Fig 7) supershifted the IKLF-EGFRE complex (arrow). F indicates the positfon o
o free probe.

DISCUSSION
. . . ) kidney, brain and spleen. However, IKLF is distinct from
This work has identified a new member of the GLI KruppengLF' Recently, the human homolog of mouse GKLF was

family of genes (16,34 and references therein) which is th 0 . .
human homolog of mouse IKLF. The mouse Iactoferrindoned and reported to share 91% sequence identity at the

EGFRE is a target sequence of IKLF, and it was isolated basedMino acid level with mouse GKLF (10). A similar degree of
on its ability to bind the EGFRE sequence. In RL95 cells,Sequence identity also exists between human and mouse IKLF
IKLF acts as a repressor of mouse lactoferrin promotef12), suggesting that the protein is evolutionarily conserved.
activity. The tissue distribution of IKLF in human and mouse is similar,
Kruppel-like family genes are usually expressed in a tissue_bUt not ider_1tica|. _The Ie_vel of IKLF mRNA in skeletal musc_le
selective manner. IKLF and GKLF have similar patterns ofis substantially higher in human. Rabbit BTEB2 (35), which
expression; they are predominantly expressed in the smaghares 98% sequence homology with human BTEB2 (25), also
intestine and colon, and are hardly detectable in the liveishowed a comparable pattern of expression to human IKLF.
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Figure 6. Specific interaction between GST-IKLF and MRU. Two micro-
grams of GST—IKLF fusion protein (FP) were incubated with the labeled MRU
Figure 5. DNase | footprinting of the mouse lactoferrin EGFRE region by oligonucleotide. A 100-fold molar excess of unlabeled oligonucleotide was
GST-IKLF. The RL95-2 nuclear protein extract () protected regions are added as competitor (lanes 2—11). The nucleotide sequences of the competitors
indicated by the boxes and GSIKLF (2 ug) protected regions are indicated are indicated in Table 2. Lane 1, probe only. F indicates free probe.

by arrows. Five micrograms of BSA was included in the control sample.

Chemical sequencing reactions (G and G+A) performed on the same DNA

fragment are shown as markers. The nucleotides protected by IKLF are indi- 200

cated beneath the gel.
180

The diverse sequences of the Kruppel-like family members 2 1607
outside the zinc finger regions suggests that they may have 2 1407
different physiological functions in various cell types. < 120

According to Pavletich and Pabo’s model, the Kruppel-like 'g 100
gene family binds to a consensus site with the sequence 2 go-|
CCNCNCCCN (14) and each zinc finger can form specific £ |
contacts with a triplet of nucleotides in the DNA binding K &0
element. The interaction involves a one-to-one correspondence 40
between the 3 bp of the binding element and the three amino 20
acids in a zinc finger in an antiparallel orientation (36). The 0-
opposite orientation of the EGFRE sequence, AGGGTGGGG, IKLF (ng) - 01 05 10 20

fits the consensus binding element of Kruppel-like factors.

Thus, the binding experiments shown in Figures 4 and 6 argure 7. IKLF function as a repressor. The RL95-2 cells were co-transfected
consistent with the hypothesis that IKLF is a functionalwith an IKLF expression vector plasmid or vector plasmids in conjunction
Kruppel-like gene family member. This analysis is alsowith the m'-FOt-l-,CARTngPOFHtef, ﬁ(‘)bn'tStcﬂjchts' '”theas":_g,tamﬁ]“nés tOf r')"'—':

H H H I 1on Vi rm InnNIol I rer IVITY. wn
supporte_zd .by t.he fa(.:t that sequence Va”ant_s with mmatlon??ni?ar?& sf;n?jard deviat(i:(?n?)f three exper?r?lgn?s \f\lltifth dﬂplicaetes:a?n&es.
made within this region (m11, m12 and m15 in Table 2) lose
their ability to compete with the wild-type sequence probe.

Moreover, the CAAT of the EGFRE is also necessary forrecognition core element. This region includes the entire
binding of IKLF to the EGFRE, since mutant 10 (Table 2) EGFRE that has been characterized (23), and this characteriza-
could not compete with the wild-type EGFRE alone or in thetion might distinguish IKLF from other Kruppel-like family
context of MRU. The present findings are in agreement wittmembers. A similar requirement for an AT-rich-filanking
earlier studies indicating that the CAAT at theehd of the sequence for GC box binding has previously been observed for
EGFRE plays an important role in the EGF-responsiveness @nother zinc finger protein, MIG1 of the ye&accharomyces
RL95 cells. Deletion or mutation within this region signifi- cerevisiae(39). Binding of MIG1 to a natural MIG1 binding
cantly reduces the EGF-stimulated activity (22,23). Thereforesite in the SUC2 promoter is determined by both base triplet
IKLF binding requires more than the consensus core. Furtherecognition in the GC box and by the presence of an adjacent
more, the GERE (37) and myc-specific GC element (Myc; 38)AT box. Few target genes have been established for the
which contain the base triplet recognition sequence, did nanembers of the family of Kruppel-like factors, although they
compete as well as MRU and EGFRE in EMSA whereas BTEhave been shown to bind CACCC elements (7,10-12,33,35). It
(BTEBZ2; 25), which differs from the core element, competeds important to examine whether subtle differences determine
efficiently. Taken together, the results demonstrate that IKLRhe binding specificity of each Kruppel-like factor interacting
binding requires both the 52.AAT element and the base triplet with an endogenous gene.
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Most of the zinc finger transcription factors activate tran- 7. Anderson,K.P., Kern,C.B., Crable,S.C. and Lingrel,J.B. (1883) Cell.

scription of their target genes upon binding to their cogoae

acting elements (reviewed in 1,2), and few of them act as

repressors. The Kruppel family of proteins, however, have
been shown to both activate and repress genes (9,13,18,20,403- Yet,S.F., McA'Nulty,M.M., Folta,S.C., Yen,H.W., Yoshizumi,M.,
44). Recently, the repression and activation domains of human

EKLF (20) and hEZF (10), a human counterpart of mouse,
GKLF, were mapped in different regions of the proteins. Thus;
the Kruppel family of proteins may modulate the target genesz.
activity both positively and negatively. Therefore, that IKLF

acts as a repressor of the mouse lactoferrin promoter in RL953-
cells is not surprising. In fact, we have observed that IKLF ca
activate mouse lactoferrin promoter activity in other cell lines; 5’
16.

(unpublished observations).

11

The mechanism by which IKLF exerts its repression activity is

not clear. Nonetheless, possession of repression domains, prot(iip
modification and competition for binding could play important =
roles in the observed transfection results. Like GKLF, EKLF andis.
EZF, IKLF may contain a potential activation domain within its

proline-rich N-terminal region and a repression domain within thel9-

C-terminal region rich in basic amino acids locatédio&the first

zinc finger. The non-repetitive proline-rich region of IKLF could =™
act as a ‘sticky arm’ and interact with other transcription factors2,
(39). Competition for binding to a DNA element is a common 23.
way that transcription factors modulate each others functions (45%4-
Data presented here (Fig. 6) suggest that IKLF can compete wi

8.
9.

Biol., 15, 5957-5965.

Miller,J. and Bieker,J.J. (1998)ol. Cell. Biol,, 13, 2776-2786.
Shields,J.M., Christy,R.J. and Yang,V.W. (1996Biol. Chem.271,
20009-20017.

Hsieh,C.M., Layne,M.D., Chin,M.T., Wang,H., Perrella,M.A., Jain,M.K.
and Lee,M.E. (1998]). Biol. Chem.273, 1026—1031.
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Ruppert,J.M., Kinzler,K.W., Wong,A.J., Bigner,S.H., Kao,F.T.,
Law,M.L., Seuznez,H.N., O’'Brian,S.J. and Vogelstein,B. (1988).

Cell. Biol, 8, 3104-3113.
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Spl, a known activator, for binding to the EGFRE response

element. Therefore, IKLF may function as a repressor bys.
competing with Sp1 at the level of DNA binding, thereby inhib-

iting Sp1-mediated activation.

Licht,J.D., Grossel,M.J., Figge,J. and Hansen,U.M. (182Q)re 346,
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27. Vinson,C.R., LaMarco,K.L., Johnson,P.F., Landschulz, W.H. and

Modification of IKLF by either phosphorylation or glyco- g

sylation could modulate its biological functions. In view of the
number of potential phosphorylation sites in IKLF (Fig. 1), itis
likely that IKLF is phosphorylatedn vivo. Recently, Zhang

and Bieker (46) reported that EKLF is acetylated by CBP/3
p300. Acetylated EKLF could serve as the bridging factor in™

chromatin structure modification, and thus indugeylobin

expression. Further elucidation of the protein factors that arél.
interacting with IKLF and post-translational modification of 32- e oLl Acte Rec2t. 706802
IKLF in response to EGF will shed light on the molecular >3- ShieldsJ.M. and Yang,v.W. (L99)cleic Acids Res26, 796-802.

mechanisms of EGF action in regulating the lactoferrin gene. 35
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