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DNA extracted from MEL cells was digested with BamHI or
Xbal. Subsequently, the DNA was phenol-extracted, ethanol-
precipitated and then self-ligated in 100 pL of reaction
mixture at 16 °C for 30 min. The sclf-ligated DNA was
dissolved in & pl. low TE (5 @M Tris-HCl pH 8.0 and 0.1
mM EDTA) and 50 ng of the DNA was subjected to PCR by
Expand Long PCR System (Roche) according to manufac-
ture’s instructions. The primer sets used in the PCR
are §-GCCGCGACGGCAAGGACAGCC-3 (PL) and
S-GCATTGTGGCAGGCGGGACAGCC-3 (P2), and
S-GGTCTCCCTGACTTGATGGCTG-3' (P3) and
5-CAATGCTGAGGGAGTGAGCTAC-3 (P4) for the
BamHl- and Xbal-cut DNA, respectively. The PCR products
were cloned into T-vector (Promega) and were fully
sequenced. The respective congtructs were referred to
pBam35 and pXba29.

2.2, Plasmid constructions

The 5.5 kb 5 flanking DNA of the KLFI3 gene was
reconstiluted in pBluescript SKvector (Stratagene). The
Notl-BamHI fragment from pBam35 was subcloned into
the same sites of the vector (referred to pBS28).
Subsequently, the BemHl-Xbal (blunted) fragment of
pXba29 was inserted at the BamHI and EcoRV sites of
pBS28 (referred to pBS55). The 5.5 kb DNA was cul as
a Nofl (bluntedy-Kpal lragment and inserted into pGL2-
Basic vector (Promega) at the HindlII (blunted) and Kpnl
sites (referred to pGLAS). The truncation of the DNA was
performed by either (1) blunting and self-ligation after
double digestion with Kpnl and a desired enzyme or (2)
cutting with Xhal and a desired enzyme (blunted), and
subsequent re-insertion into the pGL2-Basic vector cut
with Smal/Xbal.

GATA-1 expression vector was constructed using the
coding region of GATA-1 amplified by reverse tran-
seription (RT)-PCR using random-hexamer-primed cDNA.
from MEL cell total RNA. The PCR primers are 5'-
CAGGTTCAACCCCAGTGTTCCCA-3 and 5
CCTTCAAGAACTGAGTGGGGCG-3. The cDNA frag-
ment was cloned into the T vector, and correct
amplification was verified by sequencing. Subsequently,
the open reading frame was cut out as a Sphl (blunted)-
Sacl fragment and subcloned into a eukaryotic expression
vector pSGSDD [14] at the EeoRI (blunted) and Sacl
sites, v

Mutations were introduced using a kit (Altered Sites I in
vitro Mutagenesis Systems, Promega) following the manu-
faclure’s instructions. The nucleotide substitution of indi-
vidual motifs is listed in Table 1.

2.3. RNA extractions
Total RNA was exlracted by a standard method {15].

Poly(A)" RNA was separated using an oligo (dT)-cellulose
spun column (Pharmacia Biotech).

Table 1

List of mucleotide subsiiiniions of eis eloenis

Mot Sequence”

Wild type Mutant

—0.37 kb CACCC GGGTG CTAGT
-0.23 kb CACCC CACCC ACTAG
Distal CCAAT AlTGG CAGAT
Proximal CCAAT CCAAT ATCTC

¢ Sense straud.

2.4. Primer extension and sequencing

Primer extension apalysis was performed by a standard
method [15]. An olige DNA (5-GCATTGTGG-
CAGGCGGGACAGCC-3) was end-labeled with
[v*PJATP and 50,000 cpm was put into the extension
reaction. Sequencing of the pBam33 by the same probe was
performed using a kit (Cyclist, Stratagene).

2.5, Semi-guaniitative RT-PCR

Semi-quantitative RT-PCR {111 was carried out using
RQ1 DNase (Promega)-treated total RNA of COS-7 and
K562 cells. The primers used for the amplification of
KLF13 cDNA were 5-TTCGCCTGCAGCTGGCAGGA-Y
and 5-TGGCCGGGUTGATGGTGGG-Y. The condition of
PCR was 95 °C (3 min) followed by variable number of
cyeles of 95 °C (30 s), 62 °C (30 s) and 72 "C (30 s).

2.6. Cell culture and transfections

K362 and COS8-7 cells were cultured in RPMI1640 and
DMEM, respectively, supplemented with 10% fetal calf
serum. Tramsient (ransfections were performed using
FuGENE 6 Reagent (Roche) according to the manufac-
ture’s instructions (reagent: DNA=3:1). Briefly, 1 pg
plasmid DNA mixture (0.45 pg activator, 0.435 pg reporter
and 0.1 pg pSVP-Gal, or 0.9 pg reporter and 0.1 pg pSVE-
Gal) was transfected into 1xX10° COS8-7 and §x10° K562
cells in 1 mL culture medium. COS-7 cells bad been
plated on a 12-well culture dish 24 h prior to the
transfection. K562 cells were plated on the 12-well dish
just before the transfection. After, the transfection cells
were incubated at 37 “C for 24 h. Then, the cells were
hagvested, washed once with PBS and lysed in 200 ulL
Reporter Lysis Buffer (Promega). The cell lysate was
subjected to fuciferase and p-Gal assays as described
elsewhere [8]. All transfections were performed three to
five times in triplicate.

2.7. Data analysis and statistics

Data expressed as relative values to the average of the
standard group were stored, analyzed and reported with the
packages STATISTICA (StatSoft). Tukey's HSD (honestly
significant difference) procedure (two-way ANOVA) was
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used to evaluate the probability of significant differences. P
values fess than 0.05 were considered statistically significant,

3. Results
3.4, Promaoter of the KLF13 gene

To examine (he transcriptional regulation of KLFI3
gene, it was required to clone the 5’ -flanking DNA. When
we started this project the DNA sequence was still
uncovered. To determine the unknown genomic DNA
sequence we carried out two sequential inverse PCRs
using MEL cell genowmic DNA (Fig. 1A). Each reaction
gave rise to a single band (data not shown). Subsequently,
these DNA [fragments were fully sequenced, which
revealed 6183 nucleotides. (GenBank accession no.
AY601638). Using the DNA we first determined the
transeription start site of the KLF13 gene by the primer
extension analysis. As illustrated in Fig. 1B the poly(A)*
RNA generated a unique band that is at the nuclootide
position 5471. A band at the same position, although faint,
is formed from the total RNA while no bands were observed
in the yeast tRNA. These results indicate that: the tran-
scription of the KLFI3 gene starts at a unique site, and the
DNA obtained by inverse PCRs contains the promoter
region of the KLF13 gene. The presence of the promoter
activity was confirmed by the lnciferase assay using K562
cells, The DNA fragment clearly raised the luciferase
activity (pGL35 in Table 2). The average luciferase count
driven by the KLF13 genomic DNA was about 314 times
higher compared with that obtained. from the control vector
(pGL2-Basic). The same experiment was performed using
COS8-7, ie. non-crythroid, cells. The pGL55 construct
generated approximately 164-fold more luciferase counts
compared with the p(GL2-Basic vector (Table 2). The fold
increase, i.e. 314 in K562 cells vs, 164 in COS-7 cells, was
significantly different (P<0.001). These results show that:
there exists a promoter activity in the DNA fagment that we
cloned, and the promoter is more active in erythroid cells
than in non-erythroid cells,

To test whether the different promoter activities were
reflected to the gene expression, the expression of KLF13
mRNA was analyzed by semi-quantitative RT-PCR. Since
the nucleotide sequence of the KILIF13 gene of COS-7 cells
was unknown, primers were set in the sequence cormmon

Table 2
Promoter aclivity of the 5.5 kb DNA. fragment

CO87 K562
pGlL2-Basje 140.17 140.23
pGLSS 16354277 313.84:54.2

Luciferase counts were comrected by the B-Gul activities. The average
Huciferase activities obtained from pGL2-Basie vector was cousidersd as 1.
Data axe expressed as meandt 8.0, of three independent transfections in
triplicate.

A

oyele pumber

KLF13

cycle number

28S rRNA

Fig. 2. Expression of KLF13 mRNAs in COB-7 and K562 cells. (A) PCR
ustog the same amount of genomic DNA. One bundred manograms of

- genomie DNA was amplified by 33 cyeles of PCR iy 4 50 gl resction

vohume, Sobsequently, 10 plwas run oo gel Note that similar hands were
penerated in COS-7 and K562 cells, indicating compamble officiencios of
ampliieation between the two cell fines. NC mens negative contral in
which TE buffer instead of DNA was put in the PCR reastion, 3) Servi-
quanbitative RT-PCR. using COS8-7 and K562 cell ¢DNAs. The numbers
shown above indicats PCR eycles. Note the similar amplification of 288
IRNA gens between the two cells, and obvionsly more intenss bands ou the
amplification of KLEI3 gene in K562 cells than in COS-7 cells.

between mouse and human KLF13 cDNAs. The primer set
amplified the COS-7 and K562 genomic DNA at a
comparable efficiency (Fig. 2A). Subsequently, ¢DNAs
of the two cell lines that were diluted to generate similar
band pattemns on amplification of 288 ribosomal RNA
(tRNA) were subjected to PCR of the KLF13 gene. As
shown in Fig. 2B ¢DNA of K562 cells yiclded more
intense bands in all cycles tested than that of COS-7 cells,
demonstrating that higher expression of KLF13 mRNA in
K562 cells than in COS8-7 cells.

3.2. Erythroid cell specific regulation of the KLFI3 gene

promoter

To clucidate the cis regulatory clements of the KLF13
gene promoter, a serics of truncated DNA fragments were
prepared (Fig, 3A) and their promoter activitics were
analyzed in COS-7 and K562 cells. Results are expressed
as promoter activities relative to those obtained from the
0.13 kb DNA fragment (considered as 1). As shown in
Fig. 3B, in COS-7 cells promoter activities were signifi-
cantly different between 5.5 and 2.9 kb (£<0.001), 2.0 and
0.73 kb (P<0.001), 0,55 and 0.37 kb (P<0.001), 0.37 and
0.29 kb (P<0.001), 0.29 and 0.22 kb (P<0.001), and 0,22
and 0.13 kb (P<0.001), suggesting that two DNA regions,
ie. —0.13 to —0.37 kb and ~0.73 to —2.0 kb, function as
positive regulatory elements while ~0.37 to —0.55 kb and
=29 to ~5.5 kb DNA regions function as negative
regulatory elements in non-erythroid cells (Fig. 3C). Since
the 0.37 kb fragment exhibited the most powerful promoter

ctivity, which is 12.4-fold higher relative to that of 0.13
kb fragment, among the 9 truncated promoters, major
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Fig. 3. Aclivities of KLF13 gene promoter in eryihroid and non-erythroid
cells. (A) Reporter constructs and KL/ 3 locus. Luciferase gene is driven
by fruncated promoters indicated by tight gray rectmgles. Restriction sites
used for the irneation are indicated above. Abbrevialions for restriction
sites are X, Xbal: B, BamHY; H, Hindlll; A, Apal; S1, Sach; D, Dralll: N,
Nacel; Aa, Aatll; ond 82, Sacll. The length of the promolers is shown at left
i kb, (13) Relative lociferase activiies obtained from COS-7 (gray bars) and
K562 {black: bars) cells are shown. Lueiferase connts were corrected. by the
B-Gal activity, and the average count oblained from the 0.13 kb promoter
was considered as 1. Frror bars indicate one 8., Results were obtuined
from fthree independent transfections in riplicate. Promnter pairs showing
significontly different activities are ndicated by broken (COS-7) and solid
(K562 lines. (C) Positive (+) and nepative () regulatory reglons of KLI{13
geoe promoter. KL 3 Jocus is shown above and numbers are the distaoce
to the trapscription start site in kb, Nots that the scale is altered ot —0.7 kb
position. Repions having a polent effect are indicated by 4+ and .

promoter activities exist in this DNA sequence. The
highest promoter activity of the 0.37 kb fragment was
also observed in K362 cells (Fig. 3B). However, it is of
note that the aclivity is 22.9-fold higher than that of the
0.13 kb fragment, which should be contrasted to the 12.4-
fold increasc observed in COS-7 cells. The relative
promoter activities of DNA fragments cootaining the
upstream sequence (5.5, 2.9 and 2.0 kb) were not as high
as those of COS-7 cells (Fig. 3B). The relative activities of
0.73 and 2.0 kb promoters were 9.0 and 7.5, respectively,
which was not statistically significant (£=0.46). Thercfore
the positive regulatory effect of the —0.73 to —2.0 kb
region observed in COS-7 cells was absent in K562 cells
(Fig. 3C). Together, it is suggested that: the 80 bp
sequence between ~0.29 and ~0.37 kb is more powerful
in an erylhroid environment than in a non-crythroid
environment (expressed as ++ in Fig, 3(), and among
the negative regulatory clements the —0.37 to —0.55 kb
sequence has a strong effoet (expressed as - in Fig. 3C)
since the powerful activity of the —0.29 to —0.37 kb
region disappeared in the presence of the 180 bp, ie.
~(.37 to -0.55 kb, DNA.

3.3. The erythroid facior GATA-1 and KLF13 are potential
transeriptional regulators of the KLF13 gene promoter

The results shown above indicate that: the regulation of
KLF13 gene promoter is distinct in erythroid cells, and
major regulatory elements of the promoter are localed in

_the proximal 550 bp region. Inspection and computer

database search (TRANSFAC, htipi/fwww.molif genome.
ip/) of the DNA sequence revealed a oumber of tran-
scription factor binding sites, Of remark is the presence of
multiple GC, CACCC and GATA-1-binding motifs (Fig.
4), suggesting that Spl/KLF and GATA factors participate
in the regulation of KLF13 gene promeoter. To test how the
trapscription of KLFI13 gene is regulated in erythroid cells
we analyzed the effects of GATA-I and KLF13, both of
which are expressed in erythroid cells, on the KLEF13 gene
promoter. The expression vectors of these factors and
luciferase reporter construcls were co-transfected into
COS8-7 and K562 cells. To focus the ciy sequence
corresponding to the coffects, if any, of these factors we
ulilized three promolers with different length, ie. 0.55,
0.29 and 0.13 kb fragments. As shown in Fig. 5A GATA-1
activated the 0.55 and 0.29, but not 0.13, kb promoters in
COS-7 cells. The respective fold increases compared with

45 0.4 0.3 0.2 0.1 0
e BATAY GATA-] CCAAT
GATA1 B 4 . rp
epi CACCE cAcee cacce GCAAT Spi

Fig. 4. cix clements of the 0.55 kb prorooter thal are polentially recognized
by Spl/KLYs and GATA-1. Numbers shown above are the distunce lo the
transcoption start site in kb, Motifs wre indicated by black (GATA-1), gray
(Sp D), hatched (CACCC) and striped (CCAAT) squares, The franscription
sturi site is indicated by an arrow.
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Fig. 5. (A imd B) Effec
promofer. Relative lociferase activities derved from 0.85, 0.29 and 0.13 kb
promoters are shown. Repotter coustructs were co-transfected with. cither
mock, GATA-1 or KLEI3 iuto COS-T-(A) and KS62 (1) cells. Luciferase
conuts were corrected by the (-Gal activity, and the average count of the
0.55 kb promoter obtained fom mock-transected cells was considered as
100%. Exror bars indicale one 8D, Solid lines shown . above indicaie that
the promoter activiies were significantly different. Resulls were obtained
from three (COS.7) and four (K562) independant transfections in triplicate.

its absence were 4.9 (F<0.001), 4.7 (P<0.01) and 1.9
(P=0.99), The activation of the KLF13 gene promoter by
GATA-1 was also observed in K562 cells (Fig. 5B). In the
presence of GATA-1 the respective promoter activities
were 3.3, 3.5 and 6.5 times higher compared with those
without GATA-1 (P<0.001 in all promoters). These results
show that GATA-1 is a potential trans-activator of the
KLF13 genc promoter, and the proximal 130 bp DNA
sequence is capable of mediating the GATA-1 effects
specifically in the erythroid environment. Tn addition it is
noteworlhy that the 0.55 and 0.29 kb promoters showed
essentially the same activities, which is similar than the
result shown in Fig, 3B, in any experimental condition,
suggesting that neither GATA-1 nor KLF13 is responsible
for the erythroid specificity in the sequence between —0.55
and —0.29 kb (Figs. 3B and O).

s of GATA-1 and KLEI3 itsell on the KLF13 gene

KLF13 activates ils own promoter in COS-7 eells (Fig.
SA). The activities of the 0.55, 0.29 and 0.13 kb promotess
in the presence of KLF13 were 3.8 (P<0.01), 4.2 (P<0.01)
and 4.0 (P=0.05) timnes higher compared with its absence.
In K562 cells, however, this was not the case -~ ie. the
respeclive promoter activities relative to those mock-lrans-
fected were 0.78 (P=0.27), 0.56 (P<0.001) and 1.04
(P=1.0) (Fig. 3B). KLF{3 thus failed to activate its own
promoter in K562 cells. Rather, KLF13 tended Lo repress the
0.55 and 0.29 kb promaoters.

3.4. GATA-1 activaies KLE13 gene promoler through the
sequence containing CCAAT motifs

The data shown above indicate that erythroid specific
GATA-1-responsive element(s) of the KLF13 promoter are
present in the very proximal 0.13 kb sequence. Thete is a
non-canonical GATA-I-binding site within the sequence
(Fig. 4). In addition two CCAAT boxes could be a potenlial
GATA-1-binding site [16,17]. We, however, failed o
demonstrate GATA-1-binding to these sequences by gel
shift experiments, in which there was a distinct GATA-1-
binding to the canonical GATA sequence (data not shown).
Therefore, we focused on the role of activation by GATA-1
of the major ¢is elements in the 0.13 kb sequence, i.c. two
CCAAT boxes. Mutations were introduced into individual
CCAAT motifs of the 0.55 kb KLFL3 gene promoter. We
analyzed how these mutations affect the activity of GATA-1
on the promoter in K562 cells by transicnt transfeclion
experitnents. Results are shown in percentage luciferase
counts relative to that oblained from mock-transfected wild
type (WT) promoter (considered as 100%). As illustrated in
Fig. 6 mutation of the single CCAAT wiotifs failed to affect
the basal promoter activily: $3% in CCAAT™"! (P=0,73),
and 105% in CCAAT™? (P=].0). In conirast to these
single mutations, double mutation (CCAAT™ %) brought
about remarkable decline of the promoter activity (15%,
FP<0.001). GATA-1 activated these CCAAT-mutated pro-
moters, however the relative luciferase activities were
significantly lower in CCAAT™™ (185%, P<0.001),
CCAAT™ (303%, P<0.001) and CCAAT™® (56%,
P<0.001) compared with that of W1 (406%). Thus
GATA-1 less effectively activated CCAAT-mutated KLF13
gene promofers. : '

3.5. KLFI13 represses tts own promoter in K562 cells

As shown in Fig. 5B KLFI3 has a tendency to repress
its own promoter in K562 cells. Since this was observed in
0.55 and 0.29 kb promoters, and ot in 0.13 kb promoter,
we focused on two CACCC nwlifs located at the —0.37
and —0.23 kb positions, potential target sequences of the
KLF L3 protein. Mutations were introduced mto individual
motifs of the 0.55 kb promoter (CACCC™™!, CACCC™
and CACCC™ in Fig. 7). We lested whether the
mutations affect the suppressive activity of KLF13 on its
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Fig. 6. Role of CCAAT motifs for the activity of GATA-1 on the KLE13 gene promoter. They were disrapted by point mutations listed in Table 1. Promoters
facking the distal, proxiraal and both CCAAT motifs are referred to CCAAT™, CCAAT™ and CCAAT™?, respectively, which ase shown in the left panel.
The numbets shown above are the distance to the transcription start site in kb. The right panel shows the refative Juciferase activities tested in K562 cells.
Luciferase conunts were corrected by the p-Gial activity, and the average count of wild type (WT) promoter without co-expressed GATA-1 was considered as
100%. Frror bars indicate one S.1. Solid lines shown at the right indicate that the promoter activities were significantly different. Resulis were obtained from
three independent transfections in triplicate. )

own promoter in K562 cells by the transient transfection
assay. Resulfs are shown in percentage luciferase counts of
the basal WT promoter (Fig. 7). Mutations did ot reduce
the promoter strength at all: 119% for CACCC™™
(P=0.61), 111% for CACCC™? (P=0.96) and 102% for
CACCC™R (p=10). Tn the presence of KLEFI3 the
average luciferase counts were low: 78% (WT), 85%
(CACCC™TY, 82% (CACCC™ ) and 57% (CACCC™),
The respective fold increases from the basal promoter
activity were 0.78 (P=0.46), 0.71 (P=0.03), 0.74 (P=0.11)
and 0.56 (P=0.001). It was thus consistently observed that
KLF13, to some extenl, represses its own promoter. The
repressive effect was strengthened by the mutations of the
two CACCC boxes.

9.5 0.4 3.3 L]
CACCC CACCC
WT [ B 1
CACCE ™ |
CACQC ]
CACCCMB]

4. Discussion

KLE13 gene is highly expressed in erythroid cells, and
its mRNA expression is up-regulated upon the induction of
differentiation in erythroid lines {11}, which raises the
possibility that KLF13 participates in molecular events of
erythroid cell differentiation. In view of this it is of interest
1o investigate how the transcription of the KLF13 gene is
regulated in erythroid cells. In this study we cloned and
characlerized the 5 flanking regulatory region of the
KILF13 gene.

We identified a unique transcription start point of KLE13
gene. To reveal how the transcription is regulated in
erythroid cells we analyzed the promoter activity of the
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Fig. 7. Role of CACCC motifs for the activity of KLF13 on ils own promoter. They were disrapted by the point muotations listed in Takle | Promaters lacking
the ~0.37 kb, ~0.23 kb and both CACCC motifs are referred to CACCO™™, CACCCT™™? and CACCC™, respectively, which are shown in the lef panel.
The numbers shown ubove are the distance to the frunscripion start sife in kb, Right punel shows relative luciferase activiiies tested in K562 cells. Luciferase
counds were correcied by the f-Gal activity, imd the average count of wild type (WT) promoter withowt co-expressed. KLEL3 was considered as 100%. Eoor
bars indicate one 8.0, The solid lwes shown af the ught indicate that the promoter activities were siguificantly different. Results were obtained from five
independent {ranslections in trplicate.
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5.5 kb flanking DNA sequence in K362 and COS-7 cells.
Our data show that the KLF13 gene promoter in the
erythroid environment is more powerful than in the non-
erythroid environment, which may be related to the higher
KLFI13 gene expression in K562 cells than in COS-7 cells
(Fig. 2B). In addilion positive and negative regulatory
regions were at least in part different between the two
environments. Of particular interest is the DNA sequence
with a potent positive activity between —0.29 and —0.37 kb,
which was distinctive in erythroid cells. However, the potent
promoter activity disappeared when the —0.55 kb DNA was
used, which in turn suggests the presence of a potent
negative regulatory activity in the DNA sequence between
—-0.37 and —0.55 kb. The identificalion of cis eloments
responsible for the positive and pegative regulation of these
DNA sequences may be the next step to uncover the
mechanism of erythroid cell specilic transeriptional control
of the KLF(3 gene.

It is interesting that the KLFI3 gene promoter was
activated by KLF13 itself in COS-7 cells, whereas this was
not the case in K562 cells, Rather, the promoter tended to be
repressed in the presence of KLF13, suggesting that there
exists a feedback mechanism in the control of KLF13 genc
transcriplion in erythroid cells. cis Element(s) responsible
for the repressive action of KLF13 remain to be elucidated,
Regarding this issue we explored the role of two CACCC
boxes of the KLF13 gene promotet. Mutations of the two
CACCC motifs, however, made the repressive cffect of
K1.F13 more evident. This might be relevant to the fact that
these CACCC motifs were likely involved in the frans-
activation of the promoter by KLF13 itself in COS8-7 cells
since KLFL3 failed to sufficicotly activate the promoter
(data not shown). Therefore, it is suggested that the CACCC
boxes may be key cis elements corresponding to the frans-
activating effect of KLF13 on its own promoter.

We have shown that the KLFI3 promoter is #rans-
activated by GATA-1, indicating that K1.F13 is potentially a
downstream gene of GATA-1. The mechanism by which
GATA-1 activates the KLF13 gene promoter needs to be
determined. The fact that the promoter with distal CCAAT
box mutation was less effeclively activated by GATA-1
(CCAAT™ T in Fig, 6) should be taken into account, which
suggests that the distal CCAAT box or the overlapping non-
canonical GATA-1-binding site may play a role in the
KLFL3 promoter activation by GATA-1, This may be
supported by the observation that the reduction of the
activation of the CCAAT™" by GATA-1 was significant,
P<0.01, when the same experiment was performed using
COS-7 (data not shown). The overlapping CCAAT box and
GATA-1-binding site of the KLF[3 promoter is structurally
similar to the Ay globin gene promoter [14]. In contrast to
the Ay promoter where GATA-1 binding could be demon-

strated by gel shift assays, we have failed to demonstrate
GATA-1 binding to the KLF13 promoter containing CCAAT
molifs. Hlow does GATA-1 activate the KLF13 promoter in
such a situation? There are two possibilities: cither GATA-1

binds 1o the promoter region but the binding is too weak to be

detected; or the activation of the promoter by GATA-1 is
indirect, a case such as (ranscription faclor(s) regulated by

GATA-1 activale the KLFI3 gene promoter through the

CCAAT or neighboring sequences. The former possibility

may be supported by the cvidence that the binding to

CCAAT element is very unstable | [7], In addition, the non-

canonical GATA-[ binding sequence, GATT that overlaps

with the distal CCAAT motit of the KLFL3 gene promoter

(Fig. 4), is supposedly recognized by the GATA-1 carboxyl

finger [i8]. Therefore, the binding of GATA-! to the

promoter region in vivo may not necessarily be ruled out,

even though we failed to demonstrate it in vitro. Tt should

also be mentioned that a number of factors including CP1/

NE-Y and CP2 which are expressed in a wide variety of
tissues interact with the CCAAT motit {19]. It is therefore

possible that GATA-1 activates KLEF13 through enhance-

ments of expression of such ubiquitously expressed factors.

GATA-1 is also known to influence the expression of other

erythroid transcription factors, e.g. EKLF [20], KLFD [21]

and GATA-] itself [22,23]. It has been shown that NF-F4d is a

co-factor of CP2 [24], a transcription factor abundantly

expressed in erythroid cells and involved in vy globin genc

regulation. It is conceivable that GATA-1 activates NF-E4

which may bind to the KLFI3 CCAAT box through CP2 and

enhance KLFI3 expression. I remains to be, however, tested

whether the expression of NF-E4 is under the control of
GATA-1. The mechanism of action of GATA-1 on the.
KLF13 promoter remains therefore unknown.
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Iron Deficiency Anemia with Marked Thrombocytosis
Complicated by Central Retinal Vein Occlusion

Tadashi NAGAI, Norio KOMATSU®, Yoichi SAKATA*, Yasusada MIURA and Keiya OZAWA

Abstract

We report a case of severe iron deficiency anemia with
marked thrombocytosis that was complicated by central
retinal vein occlusion. Platelet count was over one million
per microliter and an increased number of megakaryo-
cytes was observed in the bone marrow at the time of di-
agnosis of iron deficiency anemia, features that resemble
those of essential thrombocythemia. However, the plate-
let count rapidly declined with the administration of fer-
rous fumarate. Accordingly, central retinal vein occlu-
sion was improved and has not recurred. In this case,
significant thrombocytosis caused by iron deficiency ane-
mia may have been invelved in the development of cen-
tral retinal vein occlusion.

(Internal Medicine 44: 1090-1092, 2005)

Key words: iron deficiency anemia, central retinal vein oc-
clusion, thrombocytosis

Introduction

Increases in the count and activity level of platelets in pa-
tients with iron deficiency anemia have been reported (1, 2).
It may be difficult to distinguish iron deficiency anemia from
hematopoietic tumors such as essential thrombocythemia
when significant thrombocytosis is observed. In most cases
of iron deficiency anemia, however, the platelet count de-
creases to the normal level with improvement of anemia (2—
4).

A disturbance of retinochoroidal circulation can accom-
pany some blood abnormalities, including iron deficiency
anemia (5). The disturbance causes various ophthalmic dis-
orders, including retinal vein occlusion and retinal artery
occlusion (6-9). It has been speculated that the disturbance

of retinochoroidal circulation is caused by formation of
thrombosis due to hypoxia-induced injury of angioendo-
thelial cells, deregulation of the coagulation/fibrinolytic sys-
tem and thrombocytosis in iron deficiency anemia (5, 7).

Here, we report a case of iron deficiency anemia with a
marked increase in platelet count, which was over 100.0x
10*/ul. The patient had the complication of central retinal
vein obstruction, which might have been caused by signifi-
cant thrombocytosis.

For editorial comment, see p 1025.

Case Report

A 29-year-old woman visited a local hospital in December
1996 because of deterioration of eyesight. She also had a 2-
week history of general fatigue and shortness of breath. The
examination revealed that the deterioration of eyesight was
caused by occlusion of a central retinal vein (Fig. 1A). The
patient was referred to Jichi Medical School Hospital.
Hematological examination showed a significant decrease in
hemoglobin concentration (4.5 g/dl) and marked decreases in
MCYV (535 1) and MCH (16.6 pg). Laboratory examinations
disclosed low serum iron concentration (5 pg/dl), high level
of UIBC (535 pg/dl) and low level of serum ferritin (4.0
ng/ml). Based on these findings, the patient was diagnosed as
having iron deficiency anemia. At that time, marked
thrombocytosis (102.0x10%/pl) was also observed. A bone
marrow aspiration sample showed hypercellularity with an
increased number of megakaryocytes, features consistent
with those of essential thrombocythemia (Fig. 1B). Chromo-
somal analysis of bone marrow cells revealed normal karyo-
type.

Ferrous fumarate was administered for treatment for the
iron deficiency anemia, With daily administration of 100 mg
ferrous fumarate, the hemoglobin concentration rapidly
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IDA with Marked Thrombocytosis

A

Figure 1. (A) Fundus findings at the time of diagnosis of iron deficiency anemia. Retinal hemorrhage, dilatation and narfowing
of vessels and macular edema are demonstrated. (B) Histopathological analysis showed bone marrow hyperplasia with a signifi-

cant increase in megakaryocytes (HE stain, x400).
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Figure 2. Clinical course. Hemoglobin concentration increased
and platelet count simultaneously decreased after administra-
tion of ferrous fumarate.

increased and the platelet count simultaneously declined
(Fig. 2). During the clinical course, her eyesight gradually
improved and occlusion of the central retinal vein has not
developed again. Both hemoglobin concentration and platelet
count had reached normal ranges three months after the start
of treatment. The level of serum ferritin had increased to 50
ng/ml in April 1997. We found the existence of myoma uteri,
which was thought to be the main cause of iron deficiency
anemia, and myomectomy was performed in September
1997.

Internal Medicine Vol. 44, No. 10 (October 2005)

Discussion

We describe a case of iron deficiency anemia with signifi-
cant thrombocytosis that was complicated by central retinal
vein occlusion. Thrombocytosis is sometimes observed in
cases of iron deficiency anemia, though the mechanisms of
increase in platelet count remain unclear. Unlike in myelo-
proliferative diseases such as essential thrombocythemia, it
is unusual for the platelet count to exceed 100.0x10%ul (4).
In this case, a marked increase in platelet count (102.0x10"
pl) was observed when the diagnosis of iron deficiency ane-
mia was made. Although a bone marrow examination sug-
gested that thrombocytosis originated in essential thrombo-
cythemia, platelet count was rapidly reduced to the normal
range by ferrous fumarate administration (Fig. 2). To the best
of our knowledge, an increase of megakaryocytes in bone
marrow of patients with iron deficiency anemia has not been
described in previous reports. However, the present clinical
course suggested that the marked thrombocytosis observed at
the time of diagnosis was associated with iron deficiency
anemia.

In iron deficiency anemia, complications due to formation
of a thrombus (e.g., cerebral infarction) are occasionally
observed (1, 10-12). Disturbance of retinochoroidal circula-
tion such as retinal vein occlusion is one such complication
observed in patients with this disorder. It has been reported
that blood abnormalities, including iron deficiency anemia,
are involved in the disturbance of retinochoroidal circulation
in many young patients who usually do not have arterioscle-
rosis (6-9). The mechanisms of iron deficiency anemia-
induced disturbance of retinochoroidal circulation remain
unclear; however, formation of a thrombus due to hypoxia-
induced injury of angioendothelial cells and deregulation of
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the coagulation-fibrinolysis system as well as thrombo-
cytosis may be involved in the development of such ophthal-
mic disorders (5, 7). In fact, patients with iron deficiency
anemia who have no thrombocytosis can also be complicated
by disturbance of retinochoroidal circulation. In addition, the
functions of platelets such as aggregation activity can be
altered in patients with iron deficiency anemia (13-16). In
the present case, almost normal prothrombin time (12.6 sec-
onds) and activated partial thromboplastin time (26.2 sec-
onds) were demonstrated at the time of diagnosis, suggesting
that deregulation of the coagulation-fibrinolysis system was
not mainly involved in the disturbance of retinochoroidal cir-
culation. Other iron deficiency anemia-related mechanisms
may therefore have been involved in the thrombosis and in
the development of central retinal vein occlusion. Parti-
cularly, a significant thrombocytosis might have facilitated
the development of central retinal vein occlusion in the pre-
sent patient.

In conclusion, reactive thrombocytosis rarely causes se-
vere thrombus-related complications (1). However, iron defi-
ciency anemia is occasionally complicated by disturbance of
retinochoroidal circulation. Since iron deficiency anemia-
induced disturbance of retinochoroidal circulation can gener-
ally be restored if anemia is improved, it is important to treat
a patient promptly for iron deficiency anemia. In the present
patient, eyesight was completely restored by administration
of ferrous fumarate, and there has been no recurrence of eye-
sight deterioration.
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