96 FARYAFL BT L —MIdiEL. 37CT
24 BRIEEEER, TV — M EBBAKTHVWER IS
128, 27 AFNSA XLy T 45 BB L
7o BEREKCHRVERSE®, B LY
DAZNISNAFAL v SRBERE = 5/ — VIZIEIF
s, M7 —8)—F— (& 570nm) TH
JEi5E (ODsyo 18) 247072,

6. BREEIER

BB 7T —7N, FRESEER, 37 CLLEDFRS
DFWZDOWTHE L2,

7. IRETFEVERIR

Fisher ®E 5 & UF Mann-Whitney @ UIE5E
W, PLO0SDEEeHEEH Y L LI

woOR

1. BBEFORERESLVUEGFIAERD
BE4M (Table 1)
E. faecalis 3528 @ 9 % asal, esp, cylA,
gelE/sprE  REBE T AHHE (%) 13, Fh&h 291
¥ (82.7%), 254 ¥k (72.2%), 164 ¥k (46.6%), 306

61

¥ (86.9%) THhH 7. cylA REMD ) E Hin A
BR1% 63 1k (38.4%), gelE-sprE REMRD 9 H Gel
FEAERRIT 167 1 (54.6%) TH o 7.

2. asal LU esp DEFREE cylA,

gelE/sprE (R & DRAEM

asal, esp DR TF, asal DA, esp DI, T
BIZFOVTROREAE L ZVikIE, #h£h230
Bk, 61 %k, 24 %k, 378 TH o7z, asal Ll esp
ERAETARIISISHTH o7, o4 REBKI,
asal, esp DB EFEZRETAHT 1474k
(63.9%) L &> TBN, asal, esp DWT LB R
BLEWEIIBW T cpd RERZ D L d o
72— gelE/sprE DB ORI asal, esp WiE
ZFORERLEOBICIIBEERIIED R L
mrofz. Hin A 63 %R B LU Gel EEA 167 D
5, asal BEFesp MBIEFRAEKIENEFN
59 £k (93.7%) , 94 ¥ (56.3%) Th o 7z.

3. INMFT1IVLHHEEE asal BL U esp D

BEIRREDOREX (Table 1, Fig. 1)

ODspo fEIZ LD 3 BG4 THE, ODspo = 0.5 ¢

64 #£(18.2%),0.5 > ODs7o = 0.2 © 156 #:(44.3%),

*
1.0 1 T
*k
0.8
Fkk
8 06
@]
0.4
0.2
0 L H ]
asal (+) asal (+) asal (=) asal (=)
esp(+) esp (=) esp(+) esp(-)
(n=230) (n=61) (n=24) (n=37)
ODswo{mean®SD)  0.411:0.42 0.29+0.18 0.3540.37 0.22+0.16

Fig. 1 Biofilm-forming capacities of E. faecalis isolates in four groups based on the presence/absence of asal and

esp genes

ODsyp values of the isolates in the four groups are shown by the box and whiskers plot, which represents a five-number summary
(upper extreme, upper quartile, median, lower quartile, and lower extreme). The mean ODsyy values {mean & SD) of the four groups
are also shown. *P=0.038 **P=0.0449 ***P=0.1208 (Mann-Whitney's U test)
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0.2 > ODspo > 0 ; 1328k (37.5%) ThH-o7:. ODsp
EDFEIME L 0.36 + 0.37 (mean & SD) TH -7z,
asal, esp, cylA BERITERFHRIZHL, T 7
NOFEHEIFEEILE»-72(P=0.0176, P =
0.0276, P = 0.0116). F7-, Hin EEARIZIERE LR
WL, PHEIEEIZE -7 (P = 0.0384).
asal, esp ODWBREF 2 RE THHOFHMEIL
041 £0.42 T, WFRLEHLBVHD0.22 +

016 IZHRTHEIZE D 72 (P = 0.038).
4, BEFRIIE R L asal B LW esp DREFRA

& DOREM :

352 FEGIHR, 717 —F VR B AN 107 $61(30.4%)
BRI 7 BEEBNL 202 B (57.4%) , SEEIERIZ 60
B (17.0%) Ta o7z (Table 1), /SAF T4V LK
FELERRRMNE R LOMICEEEIIRRO LN Do
7. asal, esp DWBLEFREKRIE, H7—-71VE
BHEMESEEMN, 77— 7V E BERE S BE
B, H 7 — TN IEEE R SBERES, T TN
FHBBHESBES 5, FREN 204k, 46
B, 198k, 85HRGBE ST W, AT ILHEE
POERBEDWEMIBVT, BEEFOVT
N % RE THHEO BRI 97.6% (80/82 #k) T
HY, T —TNIEG B, OEMATEEEGCE
VAR 83.1% (103/124 1R E R L CHEZE
% 2 72 (P = 0.0020) .

z B

B BB EERERECHL Y.
FREGVZ BT E. faecalis WWEE 2 RPEL T &
ZFTZEIFENTH LAY, REBIZBITS E. faecalis
DR SHEIMEmIZHY, TDONLF T4V
LERBEBLUREE T RHETAILEIEETDH
BEEZLNE M KIFFEIZB VT, REEK
YAEM SR E. faecalis @ Hin B XU Gel BBAFRITHH
RODBPELELT DL o720, asal BLY
esp EERIIHSNIZE P 0721517, Agg Lk
EFLLTOMWELR LR ER E ORE
WS T A EICLN, AEERE B THEE
M0 EIETEZIMED OIS LUE
FEFOEREICBWCEETH), BREHICS

WCHIBEIZANAF T4V 052 BRL, FOHNET
BETEEELTWAEEZLNTVWE Y, &4
AT2003 FIZAFEICHRE L-BEICBVWTY, &
HEEE (70T RISH) 79 X338 LICEE
TAHEEZOLND asal, cyld DFRIFHEZEZFEDT
WA I NS DIRESBIEFIL, asal, esp T
BIZFREKRIIELECERL TV,

EHIFEIZ BT, asal, esp WEETHER
DNAF T4V AR, TR FEFLR
BRI THEEBICE -7 (P=0.038). Esp B
S Gel DNAF T4V ATEHEANDEE 2o T
i, LTLL—ZE0ORMBIELR TV, K
e Tid esp RERRD N AF 74 ) ATERLREIL esp
JEREERICHRTHEZILE o T2, —FT
gelE/sprE REB LU Gel BEDOF L NAF 741
VAR OMICIIEESE RO, o7,
BEFZTIINAF 74V ATEREEE Cyl L DBE
HAZDWT OB LR VA, Tt DFISE T eyld
BRERB LU HIn AR, old FFREMRBID
Hin JEREAERRIZ LR TN F 74 L AR AE DT
{72 oTW7z. E. faecalis D fsr NG5 74—
Lt AN, Gel B XU serine protease O
EFHHMEN LI ENHLPIIER TS LT,
B, /SAA 740V ATERUE Gel DEEAEZ LD FITH
ENTWEHEDTEDN RSN/, REFFETIE
Gel FFEAKIZB N TH/NAF 7100 LATERLEE
ROTHY, CORBEBFITHIER LI LR
Noiz.

B4 DHEIZBITLHEEEBRETLIHFIE
B—TiE4{, BEMoRTFLMEHORELER
F oMM LEEHEHEOAIZIZINR TR
VW, SEIOBEIZBWTY, BRNERE N4
TN LTERREE ORI S 2 A D %
oz, LipL s, RIFRICEBIT 2 EBREE
WEIWT, MEMEEEF 2B LT E faecalis
ENAT 74NV LR RES BRI EE TS0
DLEZLNT,
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Biofilm Formation by Enterococcus faecalis Tsolated from Patients
with Complicated Urinary Tract Infection

Reiko Kariyama, Yuko Seno, Ritsuko Mitsuhata, Koichi Monden, Hiromi Kumon

Department of Urology, Okayama University, Graduate School of Medicine, Dentistry and Pharmaceutical Sciences

The potential relationships between biofilm formation and pathogenicity of Enterococcus faecalis in
urinary tract infection (UTI) were investigated. Over a 12-year period from 1991 through 2002, a total of
352 E. faecalis isolates were collected from patients with complicated UTI (one isolate per patient) at the
urology ward of Okayama University Hospital. We analyzed the prevalence of genes that may contribute
to the pathogenicity of E. faecalis in the urinary tract. The presence of asal, esp, cylA and gelE/sprE,
which encode aggregation substance, enterococcal surface protein, cytolysin and gelatinase/serine pro-
tease, respectively, was confirmed by polymerase chain reaction (PCR) assay. Hemolysin and gelatinase
production was detected using rabbit blood agar plates and agar plates containing gelatin, respectively.
Biofilm formation was investigated using 96-well microtiter plates containing tryptic soy broth supple-
mented with 0.25% glucose and was quantified by staining the biofilms with crystal violet, and measur-
ing the absorbance at 570 nm (Aszn). Of 352 E. faecalis isolates, 315 (89.5%) possessed asal and/or esp
genes. Of the 63 hemolysin- and 167 gelatinase-producing isolates, 59 (93.7%) and 94 (56.3%) isolates,
respectively, possessed both asal and esp genes. E. faecalis isolates with both asa/ and esp genes
formed biofilms at significantly higher rates than those with neither gene (P=0.038). The genes encoding
asal and cylA on a pheromone-responsive plasmid were highly transferable and appeared to have accu-
mulated in these isolates. In a review of the medical records, the E. faecalis isolates possessing asal
and/or esp genes were found from both catheter-related or -unrelated UTI. Our study indicates that the E.
faecalis isolates that have accumulated virulence genes are apt to form persistent biofilms in the urinary

tract.
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Abstract

Human B-defensin-2 (hBD-2) is an antimicrobial peptide with a broad spectrum of antimicrobial activity against bacteria, yeast
and fungi. Here, we analyzed the transcriptional regulation of hBD-2 in cultured human cervical carcinoma (HeLa) cells with or
without lipopolysaccharide (LPS). DNA from position —329 to —39 in the hBD-2 promoter region contained the consensus binding
sites for transcription factors, one site for nuclear factor for IL-6 expression (NF-IL6) and two sites for nuclear factor-xB (NF-xB).
Reporter gene assays for promoter activity revealed that the region had the highest level of responsiveness to LPS. Furthermore,
mutations in both of the NF-xB binding sites caused a significant reduction of the responsiveness to LPS, whereas mutation in
the NF-IL6 binding site resulted in an elevation of the basal promoter activity. Electrophoretic mobility shift assays demonstrated
that LPS induced the binding of HeLa nuclear factors to 60-bp probe containing the two NF-kB binding sites, suggesting that the
sites were essential for the binding. Our results suggest that the two NF-xB binding sites contribute to LPS-mediated hBD-2 tran-

scription while the NF-IL6 binding site represses LPS-independent hBD-2 transcription in the HeLa cells.
© 2005 Federation of European Microbiological Societies. Published by Elsevier B.V, All rights reserved.

Keywords: B-defensin-2; Transcriptional regulation; Lipopolysaccharide; HeLa cells

1. Introduction

Epithelia not only serve as a physical barrier against
infections, but also secrete substances that inhibit or
neutralize invading microbes or their toxins. Antimicro-
bial peptides have recently been discovered in tissue, and
one important subgroup of the peptides is the defensins,
which are classified as o-, 0-, and B-defensins {1]. The hu-
man o-defensins are expressed in a few kinds of cells
such as neutrophils, macrophages, and Paneth cells of
the intestine [2], and 6-defensins have only been identi-

* Corresponding author. Tel.: +81 86 235 6677; fax: +81 86 235 6679.
E-mail address: stakashi@cc.okayama-u.ac.jp (S. Takashiba).

fied in leukocytes of rhesus macaques to date [3]. By
contrast, 28 humans B-defensin (hBD) genes have been
discovered by genomics-based approaches [1}; and in
view of protein or mRNA level, hBD-1, -2, and -3 have
been mainly detected in many tissues including secretory
glands and epithelial cells [4], oral mucosa and salivary
glands [5,6], and skin [7].

These hBD-2s vary in their distribution, induction,
and antimicrobial properties. Among them, human (-
defensin-2 (hBD-2) is induced in keratinocytes stimu-
lated with Gram-negative or Gram-positive bacteria,
Candida albicans, and is upregulated in inflamed epithe-
lial tissues whereas it is poorly expressed in normal epi-
dermal keratinocytes [8]. HBD-2 demonstrates in vitro

0928-8244/$22.00 © 2005 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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antimicrobial activities against yeast and both Gram-
negative and Gram-positive bacteria [9-11}. Therefore,
the expression of hBD-2 might be tightly regulated in
epithelial cells in response to microbial invasion.

HBD-2 mRNA expression was upregulated strongly
in airway epithelial cells by lipopolysaccharide (LPS)
derived from Escherichia coli {12]. In contrast to air-
way epithelial cells, hBD-2 mRNA was expressed
weakly in human gingival epithelial cells exposed to
LPS from E. coli, Fusobacterium nucleatum, and Por-
phynomonas gingivalis [8]. Weak expression was de-
tected in human cervical carcinoma (HeLa) cells
stimulated with E. coli LPS (our unpublished data).
The findings suggest that the regulation of hBD-2 gene
activation may differ in the types of epithelial cells.
Recently, the hBD-2 promoter has been cloned [13],
and found to contain several consensus transcription
factor binding sites [14]. The hBD-2 promoter region
between —324 and —180, which contains motifs that
resemble nuclear factor-xB (NF-xB) and nuclear fac-
tor for IL-6 expression (NF-IL6) binding sites, has
both basal and LPS-induced reporter gene activities
in bovine tracheal epithelial cells (TECs) [12]. More-
over, the NF-IL6 binding site is necessary for the re-
sponse to LPS in TECs {12]. However, the
regulation of the hBD-2 gene in stratified epithelial
cells may be different from that in simple epithelial
cells such as TECs, because stratified epithelia of skin,
gingiva, and cervix are continuously exposed with
commensal bacteria, fungi, or viruses whereas simple
epithelia of trachea and bronchus are sometimes in-
vaded by pathogenic microbes.

In this study, we investigated the promoter region of
hBD-2 in HeLa cells responsive to E. coli LPS. Further-
more, the specific binding of nuclear factors to hBD-2
promoter sequences in HeLa cells was examined by
electrophoretic mobility shift assay (EMSA).

2. Materials and metheds
2.1, Cloning of hBD-2 promoter

Human genomic DNA was amplified by nested poly-
merase chain reaction (PCR) using Genome Walker Kits
(Clontech Laboratory Inc., Palo Alto, CA, USA). The
gene-specific primers used were designed based on 5’ cod-
ing region of hBD-2 ¢cDNA (GenBank Accession No.
AF040153), first primer, 5'-"-TCAGGAATATGAAGAG-
GAACGAGAAGA-3', and second primer, 5'-AAGAGG-
AACGAGAAGAGGAGATACAAG-3'. The PCR-based
DNA fragment was cloned into the pCR-Blunt Vector
(Invitrogen, Carlsbad, CA, USA), and the plasmid
DNA was prepared using Plasmid Miniprep Kits (Qia-
gen, Hilden, Germany). A clone containing the longest in-
sert was sequenced by the dideoxy sequencing procedure

[15] using the Automatic 377 sequencer (Perkin-Elmer,
Foster City, CA, USA). The sequence was analyzed for
the presence of consensus transcription factor binding
sites using the TFSEARCH program (http://fwww.
cbre.jp/research/db/TFSEARCHI) . html) and SIGNAL
SCAN search program (http://www-bimas.cit.nih.gov/
molbiofsignal/). The genomic DNA obtained was sub-
cloned into a reporter plasmid ligated with secreted alka-
line phosphatase (SEAP) (pSEAP2-Basic; Clontech), and
it was used for experiments.

2.2. Construction of deletant of hBD-2 promoter-SEAP
reporter

The deletants used were named according to the num-
ber of remaining hBD-2 promoter base pairs from 5’ to
the transcription start position. To obtain a series of del-
ctants, the pSEAP2-Basic vectors containing the geno-
mic DNA were digested using exonuclease III/Mung
Bean Deletion Kit (Promega, Madison, WI, USA),
and cloned again. The sequences of all constructs were
confirmed by sequencing.

2.3. Cell culture, transfection, and reporter assay

HeLa cells were obtained from the American Type
Culture Collection (Rockville, MD, USA), and grown
in Dulbecco’s modified Eagle’s medium (DMEM) sup-
plemented with 100 pg ml™! streptomycin, 60 pug ml™*
kanamycin, and 10% heat-inactivated fetal calf serum
(Gibco, Grand Island, NY, USA). The cells at
5% 10° per well in 35-mm diameter plates (Corning,
Corning, NY, USA) were co-transfected with 0.67 pug
of hBD-2 promoter-SEAP reporter and 0.33 pg of
pSV-B-galactosidase control vector (Promega) using
Lipofect AMINE Plus (Invitrogen) according to the
manufacturer’s instructions. The plasmid DNA of each
deletant was prepared using the EndFree Plasmid Maxi
Kit (Qiagen). After transfection for 4 h, the cells were
stimulated with 100 ng ml™" E. coli LPS (055:B5; Sigma-—
Aldrich, St. Louis, MO, USA) for 24 h. The culture
medium was collected and treated using Great EscAPe
SEAP Chemiluminescence Detection Kit (Clontech),
and then the SEAP activity was assayed quantitatively
with a fluorometer (Millipore, Billerica, MA, USA).
For monitoring transfection efficiency, the B-galactosi-
dase (B-gal) activity was assayed using a luminometer
(Wallac, Gaithersburg, MD, USA). The experiment
was carried out three times for each construct, and
the SEAP activity was normalized to the B-gal activity.
The result of the reporter assay was indicated as a fold
increase in the SEAP activity relative to that in the
plasmid containing the minimum length of promoter
region. A deletant exhibiting the strongest promoter
activity was used for the mutation analysis and EMSA.
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2.4. Site-directed mutagenesis and reporter assay

Point mutations were generated into the deletant for
the hBD-2 promoter using QuickChange Site-Directed
Mutagenesis Kit (Stratagene, La Jolla, CA, USA)
according to the manufacturer’s instructions. Briefly,
two synthetic oligonucleotide primers, each complemen-
tary to opposite strands of the vector, were designed for
the desired mutation. Incorporation of the primers into
the deletant was performed by PCR using PfuTurbo
DNA polymerase (Stratagene) according to the follow-
ing conditions: denaturing at 95 °C for 30s, and 18 cy-
cles of denaturing at 95 °C for 30 s, annealing at 55 °C
for 1 min, and elongation at 68 °C for 8 min. After the
temperature cycling, the product was treated with Dpnl,
which digested the parental DNA template and selected
for the synthesized DNA containing mutations., The
plasmid DNA of each mutant was prepared using the
EndFree Plasmid Maxi Kit (Qiagen). The reporter assay
using the mutants was performed by the same method as
mentioned above. The assay was performed three times
for each construct, and results of the assays were indi-
cated after the normalization of SEAP activity to B-gal
activity.

2.5. EMS4

Double-stranded oligonucleotides were designed to
cover the region of the hBD-2 promoter exhibiting the
strongest SEAP activity. They were synthesized (Bex,
Tokyo, Japan), and end-labeled with [y->?P]dATP
(Amersham Bioscience, Tokyo, Japan) using MEGA-
LABEL Kit (Takara, Otsu, Japan). The labeled DNA
was separated from unincorporated [y-*?PJdATP using
QIAquick Nucleotide Removal Kit (Qiagen), eluted in
DNase-free water, and kept at 4 °C until used for

- EMSA.

Nuclear extracts were prepared from HeLa cells as
described previously [16] with minor meodifications.
Briefly, 6 x 10° cells were stimulated with 100 ng ml™!
E. coli LPS for different periods (1, 2, 4, and 6 h). The
cells were washed twice with PBS at 4 °C, and recovered
using a cell scraper (Becton Dickinson, San Jose, CA,
USA). Nuclear protein was extracted from the cells
using NE-PER Nuclear and Cytoplasmic Extraction Re-
agents (PIERCE, Rockford, IL, USA) according to the
manufacturer’s instructions. The amount of protein was
measured using Protein Assay Kits (Bio-Rad Laborato-
ries, Hercules, CA, USA) according to the method de-
scribed previously [17]. Four micrograms of the extract
was incubated at room temperature for 30 min in a reac-
tion buffer containing 10mM Tris-HCl (pH 7.5),
50 mM NaCl, 0.5mM EDTA, 0.5mM DTT, 1 mM
MgCl,, 4% glycerol, 0.05 mg ml~" poly(dI-dC), and 10
fmol labeled probe in a total volume of 11 ul. The
DNA-protein complexes were mixed with 1pul of

10 % loading buffer (Gel Shift Assay Systems, Promega),
and then they were analyzed by electrophoresis on a 5%
polyacrylamide gel using 0.5% Tris-borate-EDTA run-
ning buffer (45 mM Tris-HCl, 45 mM sodium borate,
and 1 mM EDTA). The gel was dried under vacuum
and visualized by autoradiography. For competition
experiments, the nuclear extracts were preincubated on
ice for 30 min with a 500-fold molar excess of unlabeled
consensus oligonucleotides for NF-xB, NF-IL6, and
AP-1 (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA).

3. Results

3.1. Putative transcription factor binding sites in hBD-2
promoter

The 1.4-kbp DNA fragment isolated contained the
5’-upstream sequence of the hBD-2 cDNA. The nucleo-
tide sequence matched completely with that of the hBD-
2 genome (GenBank Accession No. AF040153).
Computational analysis of the hBD-2 promoter
sequence revealed the typical TATA-like box and poten-
tial DNA-binding sites specific to mammalian gene reg-
ulatory proteins (Fig. 1).

3.2. Deletion mutagenesis of hBD-2 promoter and SEAP
assays

To determine which element of the hBD-2 promoter
is important for LPS-induced transcription, a series of
5’ truncated fragments of the 1.4-kbp hBD-2 promoter
linked to pSEAP2-Basic plasmids were used for pro-
moter assay. As shown in Fig. 2, the maximum basal
promoter value was detected in the 1.4-kbp promoter
(pro 1319), and the deletion between —1371 and —329
(pro 329) decreased the value by 80%. The maximum
LPS-induced value was detected in the 1.4-kbp pro-
moter (pro 1319), and deletion from position —1019 to
—329 (pro 1019, pro 704, and pro 329) resulted in a
moderate decrease in the value; however, further dele-
tion between —1371 and —39 (pro 39) decreased the va-
lue by 90%. The construct pro 329, in which similar
consensus binding sites for AP-1, NF-IL6, and NF-xB
were included (Fig. 1), exhibited the highest ratic of
LPS-induced value to basal promoter value. Therefore,
we investigated further the role of each binding site in
the regulation of hBD-2 transcription by LPS.

The promoter activity of the hBD-2 mutant in the
pPSEAP2-Basic vector was assayed in the Hela cells fol-
lowed by incubation for 24 h with or without LPS.
Mutation of the two NF-xB binding sites in tandem
markedly reduced the LPS-induced value, whereas
mutation at the NF-IL6 site resulted in an elevation of
the basal promoter value (Fig. 3).
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-800 ctgtggagct gacattccoct gagtgacggt gtgaatggaa ggaactcaag tgogggtggt aggccaccte ctggeccagg cotgggtgae ctetgagggg -701
R o e—
AP-2  AP-2
-700 acacatgtag tcacaatccc atccteccat tctocettcte agaggaagga agtgggeatc catctgeete atetetctee cgtgggoaayg atggggagtt -601
AP-2 NF-xB
~600 tcagggyaac tttcacataa atttcaccag ctcagatcte ctgtgaggat ggggeccace atgetecegg tgetgccaga ggeectgage cectoccagyg -501
STAT NF-IL6 AP-2
-500 gtcectgggt ttquqccugc cctgtatcat cceccaggage tgaatgtcag agcaatggat agaattagat ggasagagect ctcaatttga cctgagactg -401
-
AP-1 AP-2
-400 tccccagata ctcaggaaaa acaggacgtc geacagagtg ggeageaggt gagtggeagg ttataggtee tgagtttgag tttgttetca cgtgagacag -301
-300 accecageecee tcactccatt cacacactgg gttttaaatg gtgcaagata ggagcaattt tctggtceca agag G tet tetggggttt -201
AP-2 NF-IL6 NF-xB NF-xB
~-200 cctgagtcca gatttgeata agatctcctg agtgtgeatt gttctttgag gaccattcte tgactcacca ggtaagtgge tgaattctaa cctctgtaat -101
. e
AP-1
-100 gagcattgca cccaatacca gttctgaact ctacctggtg accagggacc
TATA like box

+1 ggtgaagcte g tca gocat gg tcttgtatct cctectteteg ttectet

Fig. 1. Nucleotide sequence of 5’-flanking region of hBD-2 gene. Putative transcription factor binding sites (threshold score, >0.82) are underlined,
and the TATA-like box is indicated.

+1 +57

k=4 SEAP| pro 1371
SEAP| pro 1019

-1,371

-1,019

pro 704
pro 329
-39
pro 39
pSEAP2 LPS-induced value Ratio (LPS/Basal)
-Basic Basal promoter value =10
01 5 10 15
Relative SEAP value

Fig. 2. Promoter activity of hBD-2. (Left) Schematic diagram of the five hBD-2 reporter constructs containing promoter fragments of different
lengths cloned into the pSEAP2-Basic vector. The numbers in the names of the constructs indicate their respective lengths in nucleotides. (Right) The
relative SEAP value is indicated as a fold increase in the SEAP activity for each construct relative to that without LPS for the pro 39 construct. LPS-
induced value, the cells were incubated with LPS; basal promoter value, the cells were incubated without LPS. Error bars indicate SD of three
independent assays.
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NF-IL6 NF-xB NF-«xB

-329
E—S A

-280 -246 -227 -192
( )cacacactgggtmaaatggggcaagataggagc geaggaggaagpgattitctggagtttectgagtee
a

+1

Ratio
zm  LPS-induced value :] (LPS/Basal)
4 Basal promoter value =10

pSEAP2

-Basie
. . L L .

0 1 2 3 4 5
(b) Relative SEAP value

Fig. 3. Effect of mutations in NF-xB and NF-IL6 binding sites on
hBD-2 promoter activity. (a) Schematic representation of the hBD-2
promoter including NF-kB and NF-IL6 binding sites. The transcrip-
tion start site is numbered +1, Consensus sequences for NF-IL6 and
NF-kB are indicated in bold and with underlines. (b) Promoter activity
of hBD-2 mutants. (Left) Schematic diagram of the mutant. The wild-
type or mutant construct was transfected into HeLa cells (5 x 10°), and
the cells were incubated for 24 h with or without LPS. The point
mutations generated are as follows: -4ww, 5-gcaggaggaagg-
CattttetggCgtttectgagtee-3'; #89, 5'-cacacactgggttttaaaGegtTeaG-
gataggagc-3’; —sew-b=, 5’-cacacactgggttttaaaGggtTcaGgataggage-3'
and 5'-gcaggaggaaggCattttetggCgtttectgagtee-3'; wg-, 5'-cacacactggg-
ttttaaaGggtTeaGgataggage-3' and §'-gcaggaggaaggCattttetgggptticet-
gagtce-3'; w@, S'-cacacactgggttttaaaGggtTeaGgataggage-3' and 5'-
geaggaggaagggattttctggCetttectgagtee-3/. Capital letters show nucleo-
tides replaced for mutation. Right: The relative SEAP value is
indicated as a fold increase in the SEAP activity for each construct
relative to that without LPS for the pro 329 construct containing point
mutations for NF-IL6 and NF-xB (-##¥~ [Sme]). The pro 329
construct is shown in Fig. 2. LPS-induced value, the transfected cells
were incubated with LPS; basal promoter value, the transfected cells
were incubated without LPS. Error bars indicate SD of three
independent assays.

3.3. Oligonucleotides and their specific interaction with
nuclear extract

Six kinds of 60-bp oligonucleotides covered the simi-
lar consensus binding sites for AP-1, NF-IL6, and NF-
kB in the hBD-2 promoter region (Fig. 4(a)) which
exhibited the highest ratio of LPS-induced value to basal
promoter value (Fig. 2). They overlapped each other for
10 base pairs.

To examine the interaction of cis-acting elements of
the hBD-2 promoter with Hela nuclear factors, the
32p_labeled oligonucleotides were used as probes for

NF-IL6 NF«xB AP-l
e
217 10bp +23

(=)

Probe ‘;«e»’;gpﬂ 9 ,&"u ¥ #s #

s W W W Wt W s s Ko W I s

LEBS 4+ -4 «t ot 4« +-+-+-+-ﬂp“§°vﬂ‘
Tinee B

®
1

{b)

Fig. 4. Synthetic oligonucleotides and their interaction with nuclear
factors. (a) Schematic representation of synthetic oligonucleotides used
for EMSA. The sequence positions corresponding to the wild-type
oligonucleotides span —277 to —218 (#1), —227 to —168 (#2), —177 to
—118 (#3), —127 to —68 (#4), —67 to —18 (#5), and —27 to +23 (#6) in
the hBD-2 gene. (b) EMSA using a series of oligonucleotides as shown
in (a). The *?P-labeled double-stranded oligonucleotides were incu-
bated with nuclear extract prepared from HeLa cells incubated for 1, 2,
4, and 6h with or without LPS. Three independent assays were
performed, and a typical result is shown. No NE, sample without
nuclear extract.

EMSA. The #2 oligonucleotides, of which sequence
encompassed the two NF-xB consensus binding se-
quences, bound proteins in the nuclear extract (Fig.
4(b)). The DNA-—protein complex was increased by sti-
mulation with LPS, and was the same size as the com-
plex of the NF-xB probe and nuclear extract
(Fig. 5(a)). No apparent complex was detected for other
probes (#1, 3, 4, 5, and 6) whereas oligonucleotides for
NF-kB or NF-IL6 bound with the nuclear extract
(Fig. 4(b)). We further analyzed whether the consensus
sequence for NF-xB was critical for formation of the
DNA-protein complex. In the competitive EMSA, the
complex of radio-labeled #2 probe and extract was
competed by a 500-fold molar excess of unlabeled
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Relative intensity

(a)
AP-1 +
Cold [NF-ms +
probe | Np.«B + +
Probe  NF-xB #2
1] ] B
EPS =+ + 4 4+ + + - @
g® ewe -
{b)

Fig. 5. Interaction between #2 oligonucleotides and nuclear factors.
(a) EMSA using #2 and NF-xB oligonucleotides. No NE, sample
without nuclear extract. (b) Competitive EMSA., A 500-fold molar
excess of cold probe was added to each sample prior to formation of
the DNA-protein complex. No NE, sample without nuclear extract.

NF-xB probe whereas the DNA-protein complex was
not affected in the case of the other unlabeled probes
(Fig. 5(b)).

4. Discussion

In this study, we have performed a functional analy-
sis of the hBD-2 promoter to gain insight into the mech-
anism for the regulation of hBD-2 transcription in a
stratified epithelial cell line, HeLa. Using a series of
sequentially deleted hBD-2 promoters (—1371 to +57) li-
gated into pSEAP2-Basic plasmid for expression in
HeLa cells, the minimal promoter region in response
to LPS was found to be located in the sequence from
position —392 to —39 relative to the transcription start

position (Fig. 2). The region contained similar consensus
binding sites for transcription factors, one site for NF-
IL6 and two sites for NF-kB, and the responsiveness
to LPS was markedly reduced by point mutations at
the NF-«xB binding sites (Fig. 3). These findings suggest
that the NF-xB binding sites contribute to LPS-medi-
ated hBD-2 transcription in HeLa cells. Similar regula-
tion by the NF-«xB binding sites has been shown in the
murine macrophage cell line RAW264.7 [18]. Interest-
ingly, mutation in the NF-IL6 binding site in the region
between —392 and —39 resulted in an elevation of the
basal promoter activity, and the mutation retained the
moderate LPS-induced activity (Fig. 3(b)). The result
suggests that the NF-IL6 binding site represses the
hBD-2 transcription in the HeLa cells without LPS,
and abolishment of the binding site released the repres-
sion of the promoter activity.

EMSA indicated that LPS induced binding of the 60-
bp oligonucleotides encompassing the two NF-xB con-
sensus binding sequences with nuclear factors prepared
from Hela cells (Figs. 4(b) and 5(a)). Competitive
EMSA using unlabeled oligonucleotides showed that
the consensus sequence for NF-xB was essential for
the binding to the nuclear factors (Fig. 5(b)). More-
over, the promoter region containing the two NF-«xB
binding sites had the highest responsiveness to LPS in
reporter gene activity (Fig. 2). Together, these results
suggest that the two NF-xB binding sites contribute to
LPS-mediated hBD-2 transcription in Hela cells. In
contrast to NF-«xB, no apparent DNA-protein complex
was detected for the 60-bp probes encompassing the
consensus sequence for NF-IL6 (Fig. 4(b)). This may
be due to the different DNA binding activity between
the two probes, because the #2 probe contained two
sites for NF-«B, whereas the #1 probe did one site for
NF-IL6 (Fig. 4(a)).

Interestingly, the NF-IL-6 binding site is likely to re-
press the hBD-2 gene activation, in the absence of LPS
stimulation, in the HeLa cells, because mutation at the
site resulted in an elevation of the basal promoter value
(Fig. 3(b)). Diamond et al. [12] has reported that the
NF-IL-6 binding site positively regulates both basal
and LPS-induced hBD-2 gene activation in the TECs.
The mechanisms responsible for the different promoter
activity of the NF-IL6 binding site between the Hela
cells and TECs are currently unknown.

After our submission, Vora et al. [19] reported the
regulation of hBD-2 expression by Toll-like receptor
(TLR) signaling in intestinal epithelial cells (Caco-2,
T84, and SW480): Activation of the hBD-2 promoter
by LPS stimulation differs in these cell types, and its le-
vel depended on expression of both TLR4 and its acces-
sory molecule MD-2. The hBD-2 promoter region
located between —938 and —229, containing the consen-
sus sequence for NF-kB, has moderate LPS responsive-
ness in Caco-2 and T84 followed by cotransfection with
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both TLR4 and MD-2. Furthermore, the promoter with
a mutation in the NF-kB site exhibits significantly re-
duced LPS-dependent hBD-2 expression in these trans-
fected cells. In this study, the similar promoter region
had the highest level of responsiveness to LPS in HeLa
cells (Fig. 2), and the responsiveness to LPS was mark-
edly reduced by point mutations at the two NF-xB bind-
ing sites (Fig. 3). Our results are consistent with the
findings in the intestinal epithelial cells cotransfected
with TLR4 and MD-2. Moreover, TLR4/MD-2 com-
plex has shown to be required for higher responsiveness
to LPS in the HeLa cells [20,21]. Taken together, TLR4/
MD-2-mediated activation of signaling cascade is likely
to be required for expression of hBD-2 in not only these
intestinal epithelial cells but also the HeLa cells. In addi-
tion, the hBD2 promoter activity, except for the con-
struct pro 329, were poorly upregulated by LPS (Fig.
2). The poor upregulation may be due to the low expres-
sion level of TLR4-MD-2 complex in the HeLa cells.

Deletion of the hBD-2 promoter from position —1019
to —329 demonstrated a moderate LPS inducibility but
less than full-length promoter (Fig. 2). The similar reduc-
tion in LPS inducibility of the hBD-2 promoter has been
reported in both Caco-2 and T84 cells [19]. Tandem
STAT-like sequences are located in hBD-2 promoter
from —1312 to —1281 (Fig. 1), and they may play a role
in the regulation of the promoter activity. Because, it
has been reported that STAT proteins are key regulatory
proteins that bind to two tandem y-interferon-activated
site motifs within an IL-2 response element (positive reg-
ulatory region III [PRRIII]) in the human IL-2Ra pro-
moter [22). Moreover, the formation of a tetrameric
Stat5 complex is essential for the IL-2-inducible activa-
tion of PRRIII [23]. The tandem STAT-like sequences
would act as enhancers of the hBD-2 promoter; therefore,
the missing of the sequences may cause the moderate LPS
inducibility in the hBD-2 promoter.

In conclusion, the hBD-2 promoter region, contain-
ing the consensus binding sites for NF-IL6 and two
NF-kBs, exhibited the highest level of responsiveness
to LPS in terms of reporter gene activity. The two
NF-«B binding sites contributed to the responsiveness
to LPS, and both sites were important for formation
of the DNA-nuclear factor complex. The mutation in
the NF-IL6 binding site resulted in an elevation of the
basal promoter activity of the region. These results sug-
gest that the two NF-kB binding sites contribute to LPS-
mediated hBD-2 transcription and the NF-IL6 binding
site represses LPS-independent hBD-2 transcription in
the HeLa cells.
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Case Report

Periodontal Treatment in Severe Aplastic Anemia

Kosuke Oyaizu,* Fumi Mineshiba,* Junji Mineshiba,* Hirokazu Takaya,* Fusanori Nishimura,*

Ichiro Tanimoto,* Hideo Arai,* and Shogo Takashiba®

Background: Aplastic anemia (AA) is a rare hema-
tologic disease characterized by hypo-cellular bone mar-
row. The clinical features include fatigue, increased
bruising, and gingival bleeding caused by anemia,
leukopenia, and thrombocytopenia. A patient with AA
is at high risk for infection because of leukopenia. The
risk of systemic infection is especially high in AA
patients with severe local infections, including perio-
dontitis. Accordingly, periodontal treatment should
include antibiotic prophylaxis to reduce the risk of sys-
temic infection. However, treatment of periodontitis in
the AA patient is significantly complicated by the bleed-
ing disorder. We present a case report of the successful
periodontal treatment of an AA patient with sponta-
neous gingival bleeding.

Methods: The patient was closely monitored for
platelet and neutrophil counts before every treatment.
The patient'’s platelet count was always under 10,000/ul.
Therefore, it was necessary to increase platelet counts
to over 25,000/ul by transfusion, after which subgingi-
val scaling with anesthesia was performed. When the
neutrophil count was less than 2,000/, local minocy-
cline chemotherapy was applied to the pockets. Perio-
dontal infection was monitored by detection of bacterial
DNA and measurement of serum immunoglobulin (Ig)
G titer against periodontal bacteria.

Results: Following the physical and chemical treat-
ment, the gingival appearance improved dramatically
and the spontaneous gingival bleeding disappeared.
Moreover, the IgG titer against periodontal bacteria
decreased to normal range and specific periodontal
pathogens were no longer detectable in the tested
pockets.

Conclusion: We believe that the treatment strategy
in the present report prouvides new sight into treatment
planning for severely medically compromised patients.
J Periodontol 2005;76:1211-1216.

KEY WORDS
Anemia, aplastic/therapy; neutrophils; patient care
planning; platelet count; platelet transfusion.

* Department of Pathophysiology/Periodontal Science, Okayama University
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plastic anemia (AA) is a serious hematologic
Adisease characterized by hypocellular bone

marrow that produces an insufficient number of
hematopoietic stem cells, leading to deficient pro-
duction of erythrocytes, granulocytes, and platelets. '
Although the pathogenesis of bone marrow failure in
AA is still unknown, the dominant hypotheses today
are that AA results from an immune-mediated mech-
anism which leads to T-cell activation and release of
inhibitory cytokines with subsequent destruction of
hematopoietic progenitor cells.2 The worldwide inci-
dence of AA is estimated to be 2.2 cases per million
annually with no gender predilection.? The age distri-
bution reflects the two classes of AA, congenital and
acquired.* The congenital cases are the minority and
occur in childhood associated with Fanconi’'s anemia,
dyskeratosis congenita, and Diamond-Blackfan syn-
drome. Acquired AA is usually found in adults, with
the incidence dramatically increased after 65 years,
and is considered idiopathic.” However, multiple eti-
ologic agents have also been implicated, including
numerous drugs and chemicals, cancer therapies, and
viral infections.5

The clinical features of AA include fatigue, increased
bruising, epistaxis, and gingival bleeding. Accordingly,
gingival bleeding is often the chief complaint when
these patients present to the dentist and most of the
patients hesitate to brush their teeth because of gin-
gival bleeding. For these reasons, oral hygiene is gen-
erally poor, with bacterial overgrowth and generalized
inflammation.

Laboratory analysis of peripheral blood reveals
anemia, leukopenia, and thrombocytopenia. Above
all, the AA patient with leukopenia is in a higher risk
group for systemic infection because of neutropenia.
It has been reported that bacterial septicemias and
fungal infections represent the most frequent cause
of death in patients with AA.! Moreover, in the patient
with thrombocytopenia, there is the possibility that
dental treatments, such as subgingival scaling, may
cause systemic infection subsequent to the inevitable
bacteremia. There have been several epidemiologic
reports suggesting an association between periodon-
titis and other systemic diseases, such as diabetes,
cardiovascular, and other diseases.”-? Considering the
bacterial load in periodontitis, this oral condition might

1211
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be a significant source of infection in the AA patient.
Clearly, reduction of the bacterial load through the
treatment of periodontitis would be a goal in the AA
patient. However, uncontrolled bleeding is a significant
treatment complication. In this paper, we report a
case of AA with periodontitis accompanied by severe
spontaneous bleeding from the gingiva. Successful
periodontal treatment was accomplished using a
combination of chemotherapy and subgingival scal-
ing after platelet transfusion to prevent the bleeding
complications.

CASE REPORT

The patient was a 43-year-old Japanese male. At the
age of 11 years, he presented to the hospital for hem-
orrhage on epistaxis and was diagnosed with aplastic
anemia. At about 20 years of age, he became aware
of gingival swelling and bleeding after brushing, which
prompted him to visit his family dentist. He was diag-
nosed with moderate periodontitis. However, no treat-
ment was performed because of hemostasis difficulty
and his problem was not resolved. At 43 years of
age, he was hospitalized several times for fatigue and
he was treated with whole blood transfusion and
steroid therapy. His condition temporarily improved
after treatment. A month before his referral to the
university, he was hospitalized again and sponta-
neous gingival bleeding and severe gingival swelling
were noted by the physician. He was then referred
by his physician to Okayama University Dental
Hospital for oral examination and treatment. At the
time, he was receiving a platelet transfusion once
a week and a clinical trial medicine for AA; immuno-
suppressive agents, including steroids, had been
discontinued.

His medical history was not remarkable except
hepatitis C infection acquired at 20 years of age. His
serum glutamic-oxaloacetictransaminase (SGOT; nor-
mal range: 5 to 40 1(/1) and serum glutamic-pyruvic
transaminase (SGPT; normal range: 3 to 35 [U/1) were
30 and 34 14/1, respectively, at the first visit.

Clinical Examination

A clinical examination was performed to evaluate the
following: 1) number of remaining teeth; 2) probing
depth at six points around each tooth {mesial-buccal,
buccal, distal-buccal, mesiai-lingual, lingual, distal-
lingual); and 3) alveolar bone loss as shown by
radiography. The diagnosis of moderate chronic perio-
dontitis was made based on the history, clinical find-
ings, and radiographs.

Hematology
Blood samples were sent to the Central Clinical Lab-
oratory of Okayama University Medical School Hospital
for analysis.

1212

Humoral Immune Responses to Periodontal Bacteria
Humoral immune responses to periodontal bacteria were
assayed using an enzyme-linked immunosorbent assay
(ELISA) as described previously.!? The antigens used
were sonicates of Actinobacillus actinomycetemcomi-
tans ATCC29523, A. actinomycetemcomitans SUNY67,
A. actinomycetemcomitans Y4, Tannerella forsythensis
ATCC43037, Capnocytophaga ochracea S3, Campy-
lobacter rectus ATCC33238, Eikenella corrodens
FDC1073, Fusobacterium nucleatum ATCC25586, Pre-
votella intermedia ATCC25611, P, intermedia ATCC
33563, Porphyromonas gingivalis FDC381, F gingivalis
SU63, and Treponema denticola ATCC35405.

Microbiological Examination

Bacterial samples were collected from five periodontal
pockets. The methods for the isolation and detection of
three major periodontal bacteria, A. actinomycetem-
comitans, P. gingivalis, and P. intermedia, have been
described previously.!!

RESULTS

Clinical Findings

Physical examination showed mild facial pallor caused
by anemia and subcutaneous bleeding on the right
antebrachium. Oral examination revealed severe red-
ness, swelling of the gingiva with spontaneous bleeding
(Fig. 1), and petechiae on the upper lip and the tongue
(not shown). Periapical radiographic examination!2

Figure I.
Gingival appearance at the first visit. Note presence of gingival swelling
and spontaneous bleeding.
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revealed moderate alveolar bone loss and calculus
(Fig. 2). Deep pockets with probing depths ranging
from 4 to 9 mm were noted (Table 1).

Hematology

The results of the complete blood counts are shown in
Table 2. Leukocytes (including neutrophils), erythrocytes,
and platelet counts were decreased remarkably.

Figure 2,
Periapical radiographs at the first visit. Note moderate alveolar bone loss.

Table I.
Clinical Findings

After Initial
First Visit - Preparation
N teeth Y 3
Mean probing depth
<3mm (%)* 0 93.6
4~6mm (%) 54.8 32
>7 mm (%) 452 3.2
Bleeding on probing (%) 100.0 2.4
Mean bone score (%) 194 19.4
* Percent of sites with periodontal pocket.
Table 2.
Hematology at the First Visit
P s Patient ~ Normal Range |
Peripheral blood
White blood cell (x103ul) 29 3.0-94
Red blood celt {x}0%/ul) 2.18 3.70-4.90
Hemoglobin (g/dl) 7.2 11.5-145
Platelet (x|0%/ul) 8 150-400
Differential leukocyte count (%)
Segmented cell 170 29-70
Stab cell 2.0 0-13
Lymphocyte 68.0 20-52
Monocyte 12.0 0-13
Eosinophilic leukocyte 0 O-11
Basophilic leukocyte 0 0-2

Oyaizu, Mineshiba, Mineshiba, et al.

Microbiological Findings and Humoral Immune
Responses to Bacteria

P, intermedia was detected in the periodontal pockets
examined. Serum IgG titer against nine bacteria out
of 13 was elevated greater than two standard deviations
above the mean of healthy subjects. The antibody
was detected to A. actinomycetemcomitans ATCC29523,
SUNY67, and Y4; T forsythensis ATCC43037; C.
ochracea S3; C. rectus ATCC33238;
E. corrodens FDC1073; P. interme-
dia ATCC25611; and T. denticola
ATCC35405. Serum IgG titers to
other periodontal bacteria were
within normal ranges.

Diagnosis and Therapy
Based on the clinical and micro-
biological findings and humoral
immune response to periodontal
bacteria, we diagnosed this patient
with moderate chronic periodon-
titis and severe AA. Since at the
first visit the neutrophil count was
low at 500/ul, a 2% minocycline slow release oint-
ment,T that has been used for periodontal treatment
for more than a decade in Japan and suggested to be
effective for periodontal disease,!3 was applied to the
pockets after 0.2% iodine irrigation for a few weeks
(Fig. 3). The neutrophil count was highly variable over
time (from 500 to 3,000/ul) and when the count was
over 2,000/ul, subgingival scaling was performed after
platelet transfusion. The platelet count was under
10,000/ul before every treatment and rose to
50,000/ul after transfusion, but never higher. The
platelet count decreased again to less than 10,000/ul
in a few days. Therefore, the neutrophil and platelet
counts were examined before each subgingival scaling
appointment. When the platelet count was under
25,000/l or the neutrophil count was under 2,000/ul,
minocycline was applied to the periodontal pockets.
We also advised the patient to continue brushing care-
fully with a soft dental brush and an interdental brush
and to use chlorhexidine mouthrinse every day, which
helped reduce plaque and gingival inflammation. Fol-
lowing therapy, the gingival appearance improved dra-
matically (Fig. 4). The spontaneous bleeding from the
gingiva disappeared even after brushing. Moreover,
the IgG titer against all bacteria except A. actino-
mycetemcomnitans SUNY67 decreased to normal range
and P, intermedia could no longer be detected in the
sulcus.

At the time of this manuscript preparation, 3 years
had passed since our initial evaluation. Even though
the platelet count is still very low (around 5,000/ul) and

¥ Periocline, Sunstar Corp, Osaka, Japan.
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The objective of periodontal treat-
ment for an AA patient is to prevent
or manage the most common com-
plications: infection and hemorrhage.
Hemorrhage may be induced by infec-

7/
First Visit

WMIQAAA ;

i 1234 867 89 10 11 12 13 14
Vmit£3 2 "

tion locally or systemically due to
bone marrow depression.!4 Accord-
ingly, oral bacteria must be removed
to reduce both infection and hemor-

4 Month

Initlal Preparation Phase

4 Minocycline A Scaling and root planing A Transfusion

Malntenance Phase

rhage. However, depending on the
severity of the AA, periodontal treat-
ment can be life threatening. There-
fore, before instituting any therapy, the
dentist should perform a complete
hematological assessment in con-
junction with the physician to deter-
mine leukocyte and platelet counts. In
this case, the platelet count was
always less than 10,000/ul and, even

Perled 1 2 3 4 8 6 7 8 9 10 11

12

after platelet transfusion, the count did

13 not increase more than 50,000/ul.

14

Platelet

X . 0 2 g1 1 7.0 8.
(x103/pl) 80 12007 26008 27020 1.1 13 2 5.0

Neurophi
(x10%/ul) 05 04 03 23 40 24 13 10 10 26 26 41 19 71

1.8 11.0 300

Platelet count decreased rapidly to less
than 10,000/ul in a few days. Since
the patient had been receiving trans-
fusion for an extended period, the rapid

Figure 3.

Schematic presentation of the outline of periodontal treatment (A) and platefet and neutrophif
counts at each time point (B). Each platelet and neutrophil count in panel B corresponds to

the time period in panel A.

Figure 4.
Gingival appearance dfter the treatment; note disappearance of
gingival swelling and spontaneous bleeding.

his AA has not improved, his gingiva is in good con-
dition without any bleeding or acute swelling.

DISCUSSION

In this case report, we present periodontal treatment
that was provided to a patient with severe AA. At the
initial visit, the neutrophil and platelet counts were
500/ul and 8,000/ul, respectively. The gingiva showed
severe swelling with spontaneous bleeding caused by
infection (Fig. 1).
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reduction in platelet count was due to
the so-called transfusion resistance.
Accordingly, subgingival scaling had
to be performed within 2 days of the
transfusion. Moreover, the neutrophil
count of this patient was highly vari-
able (500 to 3,000/ul) between appointments. The low
neutrophil counts raised concerns of the inability to
eliminate the organisms of the bacteremia caused by
dental manipulation.

The normal range of platelet counts is 150,000 to
450,000/ul. It is recommended that a platelet count of
>50,000/ul is required for invasive procedures such
as subgingival scaling or oral surgery.!® In the case,
however, we pursued subgingival scaling with anes-
thesia when the platelet count was more than 25,000/ul
after transfusion, on the advice of his physician. Even
after transfusion, a count of >50,000/ul was never
obtained. If the platelet count was less than 25,000/ul
at any appointment, no scaling was performed and
minocycline ointment was administered subgingivally.

The leukopenic host has a weak immune response
to bacteria. The leukopenia is often subsequent to
steroid or other immunosuppressive agent adminis-
tration, which might cause the subjects to be more
susceptible to infection.!® There is a real threat of
opportunistic infection from the normal oral flora, perio-
dontal pathogens, or mixed flora from odontogenic
infection. It is, therefore, imperative that the practitioner
who encounters an AA patient be cognizant not only
of platelet counts, but also other leukocyte counts as
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well, particularly neutrophils. The risk of death subse-
quent to infection is as great as the risk of hemor-
rhage. In this case, the neutrophil count was 500/pl at
the initial visit, indicating a weak innate immune
response. Topical application of minocycline was used
to reduce the bacterial load as an initial step. Subse-
quently, subgingival scaling was pursued when both
the neutrophil and platelet counts were more than
2,000/ul and 25,000/ul, respectively. It has been
reported that if the neutrophil count is less than
2,000/ul, prophylactic antibiotics should be given
before invasive dental procedures.!” Dental profes-
sionals should recognize that patients receiving steroids
or other immunosuppressive agents are more sus-
ceptible to infection.!® Therefore, dental treatment for
AA patients should be undertaken in a hospital setting,
using universal precautions for infection control.

P, intermedia was detected from this patient’s perio-
dontal pockets by microbiological examination and
the patient showed an elevated immune response
against the bacterium. After treatment, F. intermedia
was not detected and the IgG titer against the bac-
terium reduced remarkably. We speculate that perio-
dontal disease in this patient was caused in part by
P, intermedia. Interestingly, despite the chronic low
neutrophil counts, bone loss was moderate and the
major clinical manifestations were edema, erythema,
and spontaneous gingival bleeding. There have been
many reports of a relationship between leukopenic dis-
ease and periodontal disease.!8-20 The condition of the
soft tissue coupled with relatively little bone loss sug-
gests invasion of bacteria and direct destruction of soft
tissues rather than the robust innate and acquired
immune response usually seen in chronic periodontitis.

Because the neutrophil and platelet number was very
low, irrigation with iodine and minocycline chemother-
apy were used to control the flora in the periodontal
pockets. We believe that iodine irrigation is quite effec-
tive because it penetrates into the pocket without any
bleeding. We used local minocycline delivery to avoid
the possible side effects of systemic antibiotics and an
appearance of bacteria resistant to such antibiotics. It
is also recommended that AA patients continue care-
ful brushing and flossing, unless there is spontaneous
oral bleeding.2! We recommended the use of chlorhex-
idine mouthrinse every day at home, as it has been
shown to be safe and effective in reducing plaque and
gingival inflammation in patients with other blood
dyscrasias.??

All dentists, regardless of specialty, play a role in the
diagnosis of AA because oral manifestations are com-
mon and often the first noted. When gingival or
mucosal bleeding without a local cause is detected, a
blood dyscrasia should be part of the differential diag-
nosis. Previous case reports have described submu-
cosal hemorrhage, gingival swelling, herpetic lesions,

QOpyaizu, Mineshiba, Mineshiba, et al

spontaneous gingival bleeding, pallor, and periodontal
disease in patients with AA.23-23

In conclusion, AA patients often visit periodontists
or other dentists with a complaint of gingival or
mucosal bleeding. A careful workup is necessary in
conjunction with a physician to diagnose and treat
such patients. In this paper, we have described what
we believe to be a rational and systematic approach
to the management of the periodontal patient with AA.
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ABSTRACT

Pulpal wound healing followed by cavity
preparation may involve reactionary or reparative
dentinogenesis in relation to the cavity position;
however, little is known about the molecular
responses. We aimed to isolate and analyze genes
induced or suppressed in the wounded pulp to
identify molecular processes involved in the pulp
responses to injury. Twenty-three cDNAs were
isolated by cDNA subtraction between healthy and
wounded pulp of rats. By library screening, we
identified rat 14.7K-interacting protein (rFIP)-2A
and B genes homologous to human FIP-2, being
involved in regulating membrane trafficking and
cellular morphogenesis. RT-PCR analysis showed
induction for only rFIP-2B in the wounded pulp.
In situ hybridization analysis revealed that both
rFIP-2s were expressed strongly in condensing
mesenchymal cells of the palatal process and
surrounding Meckel's cartilage, but not in
intramembranous chondrogenic cells. Thus, up-
regulated rFIP-2B expression may play a role in
regulating membrane trafficking or cellular
morphogenesis of these embryonic and wounded
pulpal cells.

KEY WORDS: FIP-2, wounded dental pulp tissue,
subtractive hybridization, in situ hybridization.
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Isolation and Expression of FIP-2
in Wounded Pulp of the Rat

INTRODUCTION

lose regulation of odontoblast differentiation and subsequent secretory

activity is critical for dentinogenesis during both embryogenesis and
tissue repair (Smith and Lesot, 2001). After injury to the mature tooth, the
fate of the odontoblast can vary according to the intensity of the injury.
Milder injury can result in up-regulation of functional activity, leading to
focal secretion of a reactionary dentin matrix, while greater injury can lead
to odontoblast cell death. The regulation of odontoblast death after cavity
preparation may be important for reparative dentinogenesis, because
dentinogenesis in the damaged pulp may start after the elimination of
apoptotic cells (Kitamura et al., 2001). In general, reparative dentinogenesis
is observed 1 wk after a moderate wound, such as the formation of a cavity
whose depth is half the thickness of the dentin, whereas the induction of
apoptosis and the elimination of apoptotic cells are observed within 3 or 4
days after wounding occurred (Sveen and Hawes, 1968; Taylor and Byers,
1990; Kitamura ez al., 2001). Many genes may be expressed differentiaily in
the pulpal healing process; however, little is known about these genes.

In this study, we assumed that specific genes would be up-regulated or
down-regulated in the pulpal healing following an experimental wound. We
aimed to isolate wound-inductive (WIN) and wound-suppressive (WSP)
¢DNA and to analyze their mRNA expression to identify molecular
processes involved in the rat pulp responses to injury.

MATERIALS & METHODS

Mechanical Wound and Tissue Preparation
The experimental protocol was approved by the Okayama University Dental
School Review Board for animal care (no. 1-005-117). Twenty Wistar rats
(male, 10-12 wks old), each weighing from 300 to 350 g, were used. The rats
were deeply anesthetized with an intraperitoneal injection of 5% sodium
pentobarbital (Nembutal, Dianippon Pharmaceutical Co., Suita, Japan) at a dose
of 30 mg/kg, and a cavity depth of half the thickness of the dentin was prepared
in the maxillary first molar (Fig. 1 Aa). The cavities were left exposed to the oral
environment for 1 wk, and then the teeth were extracted with the animals under
the anesthesia mentioned above. For a control, a maxillary first molar without a
cavity was extracted from the opposite side of the mouth in the same rat.

To avoid contamination of the gingival tissue and periodontal ligaments,
we broke coronal dentin using dental forceps, and, using a dental curette,
recovered pulp tissue from the chamber for further analysis.

Reciprocal Subtractive Hybridization, Cloning, and Homology Search
Subtractive hybridization and cloning were performed as described by Myokai
et al. (2003), and as described in detail in the Appendix. Total RNA was
isolated from the pulp tissue by the acid guanidinium thiocyanate-phenol-
chloroform extraction method (Chomczynski and Sacchi, 1987). The target
and driver single-stranded (ss) cDNAs bound to the beads were synthesized
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Figure 1. Histology of pulp, detection of cDNAs, and reverse Northern analysis. (A} Histolo
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y of pulp tissues. The wounded and healthy teeth were

fixed with PBS containing 4% paraformaldehyde, demineralized with 10% EDTA for 4 wEs, and embedded in paraffin, Hematoxylin and eosin
staining was performed on serial sections 7 um thick. The pulps 1 wk afier cavity preparation [a,b) and healthy pulp [c,d) are shown. Pulpal cells
underneath the cavity are indicated by the arrow, and neither reparative dentin formation nor apparent disruption of the odontoblast layer is

observed {a,b). Bar equals 300 pm.

(B) Procedure of subtractive hybridization. The target and driver single-stranded (ss) cDNAs bound to the beads were synthesized from the total
RNA (100 ng) isolated from the wounded and healthy pulp fissues. The target complementary sscDNA {c-sscDNA] was synthesized from the target

sscDNA-bea

s with an EcoRI-dT primer (5'-GGCGAATTCTGCAG T TTT-3'). After auto-subtraction, the tar%et c-sscDNA was subtracted

twice from the driver sscDNA beads. The subtracted ¢-sscDNA was amplified by polymerase chain-reaction (PCR} with use of the EcoRI-dT primer,
and was displayed on a 3% agarose gel. The procedure is described in defail in the Appendix.

(€) Display of amplified cDNAs. The wounded pulp <DNA subtracted from the healthy pulp <DNA was used as WIN <DNA, while the healthy
pulp cDNA subtracted from the wounded pulp <DNA was used as WSP cDNA. The subtracted <DNA was amplified, and the product underwent gel
electrophoresis. Lanes: 1, wound-inductive (WIN) cDNA; 2, wound-suppressive [WSP) cDNA; M, 100-bp DNA ladder.

{D) Messenger RNA expression of genes in pulp tissues. The ¢cDNAs (WIN-2, &, 10, 11, 13, WSP-1, 2, 6, 7, GAPDH) underwent elecfrophoresis
on an agarose gel [Ag). They were then transferred to a membrane, and hybridized with the probe from wounded pulp tissue (Wo) and hedlthy pulp
tissue [He). Relative signal intensity (each cDNA/GAPDH) is shown in the upper panel. *WIN-1T was used as a probe for screening of the cDNA
library. Two independent hybridizations were performed, and a typical result is shown.

(B} WIN-11 mRNA in adult rat tissues. WIN-T1 mRNA was detected in the tissues shown by an arrow in the upper panel, while B-actin mRNA
was detected in the tissues shown by an arrow in the lower panel. Lanes: 1, heart; 2, brain; 3, spleen; 4, lung; 5, liver; 6, skeletal muscle; 7, kidney;
8, testis. Three independent hybridizations were performed, and a typical result is shown.

from total RNAs of both wounded and healthy pulp (Fig. 1B).
The complementary (c)-sscDNA was synthesized from the
sscDNA beads. The target cDNA was subtracted and amplified
by polymerase chain-reaction (PCR), and cloned into the EcoRI
site of a pUCL18 plasmid vector (Takara, Otsu, Japan). The
plasmid containing a ¢cDNA insert longer than 250 bp was
prepared with the use of Qiagen Plasmid Miniprep Kits (Qiagen,
Hilden, Germany), and sequenced by the dideoxy sequencing
procedure (Sanger et al., 1977) in an Automatic 377 sequencer
(Perkin-Elmer, Foster City, CA, USA). A nucleotide homology
search was performed in the Rat Genome Database
(hetp://www.rgd.mcw.edu/), the Rat Genome Assembly

(http://www.hgsc.bcm.tme.edu/), and both BLASTN and BLAST
EST homology programs in GenBank DNA databases (final
searches in October 30, 2003).

Reverse Northern and Northern Hybridization

Reverse Northern hybridization was performed as described
previously (Ohira et al., 2004) and in the Appendix. Briefly, the
cDNAs isolated by subtraction were subjected to gel electrophoresis
in duplicate, then transferred to nylon membranes. Total RNAs
from the wounded and healthy pulps were reverse-transcribed with
the use of oligo (dT),, |, primer, and labeled with [a-32P} dCTP.
The membranes were hybridized with the probe, and the signals
were visualized in a Biolmaging Analyzer (BAS 2000; FUJI,
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