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Real-time interaction of oral
streptococc! with human salivary
components
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Oral streptococci are present in large numbers 1n dental plaque and several types interact
with the enamel sahivary pellicle to form a biofilm on tooth surfaces The respective
affintty of individual streptococc: for salivary components has an influence on the
etiologic properties of oral biofilm 1n the development of dental canes We studied
real time brospecific interactions between oral streptococet and salivary components
utihzing biosensor technology to analyze surface plasmon resonance Streptococcus
sanguts and Streptococcus mutans showed significant responses for binding to salivary

components m comparison with other bacteria Further the association rates

(4 1 x 107" /bacterium) and dissociation rate (57 +0 9 x 10~° Second(s)™!) were
higher for § sanguis than for S mutans (24 x 10~ and 29+ 08 x 10~} and
Streptococcus mins (13 x 107 and 35+£13 x 107%) However the association
equilibrium constants (8 2 S/bacterium) for § mutans was 2 times higher m than S mutes
(3 8) and slightly higher than § sanguws (7 2) These findings may provide useful
information regarding the mechanism of early biofilm formation by streptococc on the

tooth surface
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The oral biofilm 1s produced by sequential
attachment of a varety of bacteria which
1s dependent on both the spectes involved
and the surface composition (1 & 19 22
24 25) Attached bacteria are able to grow
in the biofilm that forms on tooth surfaces
(8) There 1s a strong correlation between
the attachment detachment and prolifera
tion of these orgamisms 1n plaque on the
tooth surface and the occurrence of dental
caries in humans (13 19) Oral streptococ
€1 are present in large numbers mn dental
plaque and several types interact with the
enamel salivary pellicle to form a biofilm
on tooth surfaces Streptococc: account for
approximately 20% of the salivary bacteria
(23) Streptococcus salrvarius 18 the most
abundant spectes and the density of Strep
tococcus mutans and Streptococcus san
gus i saliva 1s more than 1 x 10° celts/ml
§ mutans produces a surface protein ant1
gen (PAc) that has a molecular mass of

190 kDa (28) which interacts with salivary
components mcluding lysozyme (31 33)
amylase (31) proline nch protems of 18
and 38kDa (31) and agglutimin (16) It 15
also known as a late colomizer (27) and 15
considered to be one of the major causative
agents of dental caries a disease related to
the oral lmofilm (5 10) In contrast S san
guis 15 among the first bacteria to adhere
selectively to and colomze saliva coated
teeth (10} and also interacts with the sah
vary film that 1s known to contain a amy
lase secretory IgA (12 17) mucm (36)
and agglutimn (6) The two bacteria form a
complex biofilm on the tooth surface by
cell to surface and cell to cell interac
tions An understanding of these compo
nents 1s required to elucdate the
mechamsms of biofilm formation in vivo
Gibbons etal suggested that biofilm
formation consists of two processes that
mvolve separate mechanisms (3 11) The

first step 1s associated with adsorption of
cells to the pellicle and requires specific
adhesions on the cell surface while the
second nvolves a tuld up of cells binding
to each other The first step of formation has
been wnvestigated using saliva coated hydro-
xyapatite beads however physical mterfer
ence of the wnteractions between cells and
beads may occur in that model The kinetic
rate of cell to saliva wnteraction 1s not yet
entirely understood We studied biospecific
mteractions between oral streptococct and
saliva components n real tme utthzing bio
sensor technology that measures surface
plasmon resonance (32) and then analyzed
the kinetic rate constants of the mteractions

Materials and methods
Bacterial strains and culture conditions

The strains used 1n this study were § mu
tans MT8148 ATCC 6229 and GS35
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Fig 1 Binding of § sangs ATCC 10556 (u}
and § mutans MT8148 (m) to mmobilized sali
vary components from five human subjects (A B
C D and E) Forty mucroliters of each bacteria
solution {OD=05 550nm) was applied to the
sensor chip Results are expressed as mean ++ 8D
for three mdependent assays Astemsks denote
sigruficant difference (8 mutans vs S sangues
P<001)

S sanguwis ATCC 10356 ATCC 15908

and ATCC 10558 Streptococcus sobrinus
6715 OMZ65 and MT8245 S salvarius
ATCC 9759 and HT9R and Streptococcus
mitis ATCC 903 and ATCC 6249 Ali
bacteria were grown in an atmosphere of
H, and CO, (GasPak™ CO, System Bec

ton Dickinson and Company Sparks MD)
n Bramn Heart Infusion broth (GHI Difico
Laboratory Detroit MI)

Human saliva collection

Whole saliva from five subjects (25-
55years old females and males) was st
mulated by chewing paraffin gum and ¢ol
lected into 1ce chulled sterile bottles over a
period of 5 mun and clarified by centnfuga
tion at 10000x g for 10min at 4 C Fresh
saliva samples from subject A (Fig 1) were
used m every experiment while the other
samples were stored until use

Monoclonal antibodies

To confirm whether the adherence of
§ mutans to the salivary components in
BlAcore responses was dependent on 1n
teractions between the salivary compo
nents and the PAc anti PAc¢ monoclonal
antibodies (mAbs) (KHS5 and SH2) ob
tamed mn our previous study (34) were used
in inhubition BIAcore assays (BIAcore AB
Uppsala Sweden) (35) The mAbs were
collected from the culture fluid of the B
cell clone and the culture fluid including
the mAbs was pooled and stocked at —
20 C for each expenment

Immobilizing the ligand

The binding of streptococct to salivary
components was determuned using a BIA
core ™ brosensor system (BlAcore AB)
which has been shown to provide real time
interactive analysis of two interacting

Real time mnteraction of oral streptococcl

macro molecules (33) This offers some
advantages over conventional methods that
use hydroxyapatite beads because the in

teraction 1s monitored directly 1n real time
as 1t proceeds Comparisons of all bacteria
interacting with salivary components in the
BlAcore system were studied in detail 1
separated stages of association and disso

ciation This differs from conventional
methods which analyze coupled stages
of association and dissociation For the
present study we used the ploneer sensor
chip F1 (BlAcore AB) which has a shorter
dextran matrix than other standard chips
and 15 useful when working with large
analyses such as these of cells and virus
partticles Whole salivary components were
immobilized on the dextran surface of the
sensor chip via carboxyl moseties and then
activated by mjecting 70 ul of 400 mM N

ethyl N* (3 diethylammoprophyl) car

bodumude and 100 mM of N hydroxysuc

cmrmde solution at a flow rate of 10 pl/
min After activation 70 ulofl 20 diluted
whole saliva 500 pl of bovine serum albu

mm (BSA) and 500pl of mouse im

munogulobulin G (mIgG) m 10mM of
sodium acetate buffer at pH 50 were
applied to the surface Residual N hydro

xysuccimrude esters were then inactivated
with 70pl of Im ethanolamune hydro

chionde The fiow of PBS was mamntained
at 10ul throughout the immobilization
procedure

Determination of experimental conditions

To confirm the specific binding of § mu

tans 1ts adherence to salivary components
was compared with that of BSA and mIgG

which are known to have ne mteraction
with § mutans S mutans MTB148 was
diluted with phosphate buffered saline
(PBS pH 7 4) solution after centrifugation
at 5000 x g for i0min at4 C and washing
by PBS twice Ultrasonic processing
(60W 10mun) was carried out to disrupt
the bacterial chain The bactenal concen

tration was adjusted using fresh PBS in a
spectrophotometer (UV 2200A Shimazu

Japan) to OD=035 and 10 (550nm)

S mutans solutions were exposed to each
ingredient (flow speed of 20 ul/mn) and
the dissociation phase was followed by
mjection of PBS at 20 pl/mun All tindmg
experiments were conducted at 25 C At
the end of each binding cycle the surface of
the sensor chip was regenerated by expo

sure to 50 mM of glycine NaOH (pH 9 5)
for 60s The detection system of the BIA

core ™ utilizes surface plasmon resonance
(SPR) which 1s a quantum mechanical
phenomenon that represents changes n
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optical properties at the surface of the sen

sor chup and eliminates the need to label the
interactants The resonance angle depends
on the refractive index 1n the vicinity of the
surface whuch changes as the concentration
of molecules on the surface 1s modified The
signal was expressed in resonance umnits
(RU) The 3PR signal obtammed in each
binding c¢ycle was recorded as a sensor

gram which 1s a real time pattern with a
sampling interval of ¢ 2-0 5 s plotted in RU
versus time The amount of binding was
represented as the increase of RU between
the start and the end of each binding cycle

A response of 1000RU corresponds to a
shuft of 0 1 1n the response angle which in
turn represents a change m surface protemn
concentration of about 1 ng/mm® A 1 50
dilution of mAbs (KHS and SH2) was pre

incubated with 1 ml of § mutans (2 x 10°%
ml) by suspension in PBS at 4 C for 1h

After the incubation § mutans was washed
with PBS and sonicated by ultrasomc dis

persion (60 W power output) for 10s and
then 40ul of mAb treated or untreated
S mutans 1n PBS was ijected onto the
sensor at a flow rate of 20 pl/mm

Interaction of oral streptococci with
whole salivary components

S mutans MT8148 8 sangus ATCC
10556 S sobrimus 6715 S salvarius
ATCC 9759 and § mutis ATCC 903 solu
tions were diluted to OD =015 at 550 nm
and then adjusted by the above mentioned
methods and exposed to the saliva immo
bilized surface at a flow speed of 20 ul/
min In addition S mutans MT8148 and
S sobrinus ATCC 10556 were applied to
the chups individually after being immob1
hized with sahva from five subjects To
deternune the association rates (Kon) of
S mutans S sanguts and § nunis the or
gamsm solutions were adjusted from
OD=01 to 10 and then apphed to the
sensor chip that had been immobilized
with salivary components Increases of
RU were calculated 10s after switching
to PBS from the bacteria buffer for com
parison with the baselme and to draw a
kinetic graph showing dose dependency
Kon was calculated by inchnation and
shown to be ARU per number and colony
forming unit {CFU) of individual bacteria

CFUs were counted m BHI agar plates
with vartous concentrations of bacteria
suspensions The CFU to bactena suspen
ston ratio {OD=10 550nm) was then
recalculated from a standard curve (Y axis
CFU X axis OD) The dissociation rate
(Koff) was determuned using BlAevalua
tion 2 1 software (BlAcore)
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Statistical analys!s

Statistical analysis was performed using
ANOVA P values of 0 05 or less were con
sidered to indicate statistical significance

Results
Establishment of experimental conditions

Salivary components were used as ligands
for BIAcore analyses of the interactions
between the ligands and S mutans To
confirm the specific binding of § mutans
to salivary components without non spe

cific binding to the dextran chip coated
BSA and mlgG were alsc used as expen

mental controls A sensorgram for immo

bilizatton of these ligands showed
increases of 2100 RU {whole salivary com

ponents) 7250 RU (BSA)} and 4600 RU
{mlgG) which involved a covalent binding
of approximately 2 Ing 73 ng and4 6ng
respectively to the activated carboxy

methylated dextran on the biosensor sur

face § mutans MT8148 (OD=10) was
applied to the sensor chip mmmobihized
with these ligands The increasing RU seen
mdicated the response level of § mutans to
the Iigands as shown n the sensorgrams in
Fig 2(A) Thus approximately 102 6RU
were required for the binding of § mutans
to the immobilized salivary components on
the sensorchip surface (Fig 2A) The re

sponses (722RU and 451 RU) to BSA
and mIgG were lower than whole salivary
components but meaningful The response
to BSA decreased to close to the RU level
of mIgG within 80 safter switching to
PBS from the § mutans soluton A high
concentration {OD=10) of § mutans
may nduce non specific binding to the
higands because the binding of S mutans
(OD =0 5) was significant to the salivary
components (Fig 3) but poor to mlgG [less
than 10pg (10RU)] (data not shown) 1n
three independent experiments Moreover

the mAbs (KH5 and SH2) clearly inibited
the binding of § mutans (OD =0 5) to the
saltivary components (data not shown)

Therefore the bacteria concentration
(OD=05 or 06) was used mn following
experiments These results demonstrated
that § mutans was able to bind specifically
to whole salivary components tn the BIA

core biosensor system

Interaction of oral straptococcl with
whole salivary components

S mutans MT8148 5 senguis ATCC
10556 S sobrnus 6715 S salvarus
ATCC 9759 and S mutis ATCC 903 solu
ttons {OD = 0 5) were injected onto the

sensor chip that had been wmnmobilized
with whole saliva components SPR sig

nals of § sangurs were drawn from the
highest association and the highest de

crease dunng the dissociation stage after
changing the bacteria solutions to PBS
(Fig 2B) SPR signals of § mutans were
drawn from the highest levels of binding
during the dissociation stage as compared
to those of the other bactena (Fig 2B) The
assoctation and dissociation of § mutans
ATCC 6229 were also simular to those of
S mutans MT8148 (data not shown) At
10s after changing to PBS J§ sanguis
ATCC 15909 ATCC 10556 and ATCC
10558 and S mutans MT8148 and ATCC
6229 showed significant levels of binding
to the salivary components 1n comparison
with the others (Fig 3) However the as

sociation level of S mutans GS5 was lower
than the other S mutans stramns (Fig 3)

while the association level of § sangws
ATCC 10556 was higher than § mutans
MT8148 in samples from every subject
(Fig 1) As S sanguis ATCC 10556 8§ mu

tans MT8148 and § munis ATCC 903
showed different tinding activities 1n the
above experiments we studied the dose
dependent response kinetics of these three
bactenia to salivary components A con
centration dependent binding of each was
observed and Kon was then calculated
from the mnclination of the graph (Fig 4
Table1) Dissociation rates (Koff ) were
easily measured using the BlAevaluation
2 1 software (Fig 5)

Konwas24 41 and 13 x 10~ "/bacter
wm mn S mutans S sangues and § muns
respectively while Koff was 29x08
57%x09 and3 5 x 13 x 107? Second(s)™!
respectively (Table 1) S mutans and S mr
ns were dissociated at a sigmificantly
slower rate than § sangus (Table 1) From
these data the calculated association equi
ibrum constants (Ka = Kon/Kaff ) were
82 72 and 3 8 S/bacterium 10 § mutans
S sangurs and § mutis respectively The
Kon and Koffresults were higher for S san
guts than for S mutans and S mutis how
ever Ka for § mutans was two times
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Fig 2 (A} Sensorgram illustrating the binding of § mutans MT8148 to immobilized sahvary
components (red) BSA (blue) and IgG (green) § mutans solutions with PBS (OD=10 550
nm) were applied to the sensor chip Increases of 102 6 RU (to salivary components) 72 2RU {to
BSA) and 45 1 RU (to mIgG) were seen m the binding of § muzans to the immobilized hgands Data
from three independent expertments with simtlar results obtammed 1 each (B) Sensorgrams
lustrating the binding of § sangiis ATCC 10556 (blue) § mutans MT8148 (red) § sobrinus
6715 (green) S salvarius ATCC 975% (purple) and § mitis ATCC 903 (pink) to immobilized
salivary components Bacteria solutions with PBS (OD =05 550nm) were applied to the sensor
chips Vanous SPR signals were drawn duning the association and dissociation stages for each
streptococct Data from three independent experniments with stmilar results obtained m each
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Fig 3 Binding of varous streptococet to immobilized salivary components Forty microliters of
bacteria solutton (QD=035 550nm) was applied to the sensor chip Results are expressed as
mean + SD for three independent assays Asterisks denote sigmificant difference (vs § munis ATCC

903 P<001)

higher than S mutrs and shghtly hugher than
§ sanguis

Discussion

Colomzation of the oral cavity by strepto

cocct 1§ a crucial step in the sequence of
events leading to infection and salivary
protemns and glycoproteins can act as re

ceptors for the binding of streptococct to
enamel surfaces (10 16 36) The ability of
oral streptococct to bind to unmobilized
salivary protein 1s of considerable etologic

50 b B § sanguls
g & S mutans
40 |
2 A S mitis
2 nl
g
8 20t -
=
g
x Lo}
0 02 04 06
oD

Fig 4 Dose dependent binding of § sangws
ATCC 10556 (W)} S mutans MTB8148 (@)
and § mitis ATCC 903 (A) to the immobilized
salivary components Forty microliters each of
four concentrations {OD=01 02 04 and06
at 550 nm) was applied to the sensor chip Res
ults are expressed as mean % §D for three inde
pendent assays Asterisks denote significant
difference { S sanguis vs § mutans P <005

S sangrasvs S mutans P< 001 § sanguis
vs S mutans P <001} Association rates (Kon)
were calculated using the inclination shown on
this graph and CFU of individuai bactena

significance (7 26 29) and S murtans and
S sangins are known to be primanly in
volved when bactenal flora forms on the
tooth surface § sanguis 1s an early colo
mizer of the salivary pellicle whereas
§ mutans colomzes later The ability of
both to bind to salivary protemns and gly

3
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Fig 5 Sensorgrams illustrating the dissociation
of § sanguis ATCC 10556 (A) § murans
MT8148 (B) and § muns ATCC 903 (C) SPR
signals were drawn 60 s after changing the bac
tenia solutions to PBS Dhssociation rates (Koff }
were calculated from the hines mm graphs A B
and C using BIA evaluation 2 1 software Data
from 3 independent expenments with simalar
results obtatned 1n each
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coproteins 1s important in biofilm devel
opment (3 15) The differences of affimity
to the salivary pellicle between these two
bacteria may be relevant in the etiology of
biofilm conditions There 1s a lack of com
parative research elucidating precisely the
difference 1n affimty of both though their
binding abilities to salivary components
have been reported by various mvestiga
tors (16 30) Recently a pioneer F1 chip
that can be used to analyze bacteria whole
celis was developed for the BIAcore sys
tem (35) and with it we investigated the
differences of real time affinity to salivary
components by streptococcr cluding
S mutans and S sangwis The affimty of
§ mutans MTR148 to whole salivary com
ponents was inhibited by mAbs (KHS and
SH2) that recogmized PAc § mutans GS §
which was PAc negative showed a lower
affimty than § mutans MTE8148 There
fore affimty was dependent on PAc ex
pression in the BlAcore system which was
considered to be close to that of the pel
licle

We first confirmed that S mutans ad
hered only to whole salivary components
and not to the surface of the sensor chip by
covenng the dextran surface entirely with
lhgands to shield 1t from § mutans
(Fig 2A) The Kon value was determuned
as the increase of binding quantity (RU)
per singie bacterium using bactena density
nstead of molarity since molarty could
not be calculated in the bacteria solutions
The Koff value was determined conven
tionally using BlAevaluation because it
does not require molanty From our re
sults it was clear that S sangurs had a
strong association with the saliva compo
nents however 1t could also be sasly
dissociated n companson with the other
streptococcl  In contrast although S
mutans showed a lower RU value than
S sangwis for association (though higher
than the other three bacteria tested) 1t
could not be easilly dissociated from the
saliva components S sobrinus § salvar
s and S mutis showed low RU values
and the ability of association with a simple
substance was also considered to be low In
the Ka S mutans was slightly higher than
§ sanguis which may support the presence
of a mechamsm in the biofilm itself The
affimty of S rutis which 15 also an early
colonizer (18) of tooth surfaces was lower
than that of § mutans and § sangtas It has
been reported that S muns releases sub
stances later recognized to be biosurfac
tants that discourage the adhesion of
S mutans (14) Therefore the present re
sults may support a domimant role of §
muis 1 biofilm formation because of the
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Table I Kinetic rates of § mutans § sanguis and § muns to salivary components

Bactena Kon (x 107'h Koff (x 1073 §7) Ka = Kon/Koff (x 1077 8)
§ mutans 24 29+08], 82
S sanguis 41 57+£009 72
S mutis 13 35il3]* 18

Kon results were calculated from lines in Fig 4 by the procedure described 1n Materials and

methods

Koff results were calculated from Lines 1 Fig 5 using BIA evaluation 2 1 software The Koff results
are expressed as mean = SD for three independent assays
Astenisks denote significant difference ( vs S sangs P<001)

protection provided by the released sub
stances rather than physical competition
by celladhesion against colomzation of
petlicle coated surfaces by S mutans

The A region in the PAc molecule 1s
essential for the adhesion of S mutans to
salivary film Further differences in the
alanme nich sequence in § sanguis  as
compared to § mutans may have an effect
on the affimity of § sarguis to interact with
salivary receptors The A region 15 com
posed of three long and two mcomplete
repeating sequences (28) In the region
sequenced from Streptococcus gordoni
M5 (previously designated S sanguis)
the cell surface adhesin of $SP 5 showed
an extensive homology [44% 1dentity with
SpaP (PAc)] (6) Further each repeating
sequence contamns sequences that are
homozygous to the ammno acid sequence
STYEAALKQYEADL?"” PAc (365-
377y which 1s an important region for
the mtial attachment of § muzans to the
tooth surface (32 35) These analogs or
vanant peptides from § gordonn MS to
PAc (365-377) intubited the binding of
§ sanguis ATCC 10556 to the salivary
components i BIAcore competitive inhubi
tion assays {unpublished data) Therefore
the sequence may influence the affinity of
8 sangws to salivary components

Colonization by both § sangurs and mu
tans streptococc 1s also dependent upon
the presence of teeth (2 4) Caufield etal
reported that levels of S sanguts increase
with age prior to the colomzation of mu
tans streptococc: after mutans streptococ
c1 colomze the levels of S sangus
decrease (4) Several other imvestigators
have also suggested that the S mutans/
S sanguus ratio may serve as an mdicator
of caries risk (20 21) These findings in
dicate that the binding of § sanguts to
salivary components may compete with
the action of § smutans salivary component
binding in the otal cavity § sobrinus also
produces a surface protein antigen that
shows a homology to § mutans of approxi
mately 66% (37 38) However in the
present study S sobrinus did not present
a defimite response to the salivary compo

nents in the real time biosensor Three
homologous PAg sequences (286-298
69 2% 368-380 615% and 450-462
38 5%) were found 1n the three long re
peating sequences of PAg and vanied by
amino acid sequence 2*°D—K A—K-23%
PEN_K A—QK-"* and **°D—LK SK
QEE *%2 respectively to PAc (365 377)
These vanants may have mfluenced the
lower affity of § sobrinus to salivary
compotnents

The differences in Kon Koff and Ka
between § sanguis 8 mutans and § mutis
in the present real time biosensor results
may explain one of the mechamsms of
bacteral flora formation en teeth seen
previous epidemiologic findings (16 18
27) Therefore 1t1s suggested that bacterial
nteractions with salivary components are
influenced by the respective etiologic abil
1ties of streptococer 1 the development of
dental cartes Our findings also demon
strated the early colomization of § sanguis
as well as later colonization of other mu
tans streptococel i the real time flwd
phase and may provide useful information
about the mechamsm of early biofilm for
matton on the tooth surface by oral strep
tococct
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Assessment of oral transmission using cell-free human immunodeficiency virus-1
1n mice reconstituted with human peripheral blood leucocyte
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SUMMARY

Oral—genital contact 1s one of the nsh factors for the transmission of human immunodeficiency
virus (HIV) tn aduits In recent reports oral exposure to simian immunodeficiency virus (SIV) was
found to have umportant imphications for the achuevement of mucosal transmusston of HIV 1n a
rhesus monkey amimal model In the present study we mmed first to establish a small animal model
which did not develop tonsils suitable for HIV oral mucosa transmission using non obese diabetic/
severe combined immunodeficiency (NOD/SCID) mice and NODYSCID B2 " mice grafted with
human peripheral blood leucocytes (hu PBLj and sumulated with interleukin (IL) 4 and second to
investigate whether oral exposure to cell free RS and X4 HIV 1 could lead to oral transmussion of
HIV through intact or traumatized mucosal tssues 1n humanized mice Both low and high
concentrations of cell free RS and X4 viruses fatled to cause oral transmission with or without
trauma tn hu PBL NOD/SCID and NOD/SCID 2m ™ mice which presented a number of CD4*
cells in gengaval ussues and oral cavities with or without tissue injury The present results show that
IL 4 admimstrated NOD/SCID B2m " mice are usetul as a small humanized model for the study
of HIV oral infection which may help to define the window of opportunity for oral transmission by
the HIV virus 1n ammal model expertments

for mucosal intection n rhesus monkey modils * ¢ Mareover
HEV | proviral DNA wnas detected in 74 7 of semen samples
trom HIV | infected patients ” whale 1t has 1lso been demon
strated that eprthelial cells in the oral cavity van be productively

INTRODUCTION

Mucosal exposure of infants (0 maternal intectious cervicat
secretions and/or blood during delivery is a great nisk for human

smmunodeticiency virus {HIV) infection | Further oral trans

mission of HIV 1 through breast milk occurs duning the lacta

tion period while oral-genital contact has been shown to be one
of the nsk tiwtors for transmussion of HIV | 10 adulis '
However there 1s no nsk of fection via saiiva transfer Irom
light hissing or the common use of dishes or toothbrushes * In
recent reports oral ¢ xposure of siman ummunodehcieney virus
(S1V) or suman HIV (SHIV) has been shown to be anish { wior

Recetved 1 October 2007 gevised ?7 January Y003 ace pt d
{ Mar h 2001

Cotrespond ne Ir H Senpulu D partment st Ba t nolowy
N ational Institute of Intecwous Tig gses 171 ) Tovama Shanqubu hu
Tohyo 12 540 Jipan C mvul hs npukuCnth Lo p

1 2003 Blacks o3l Publislung, Lid

wnfected by a cell borne HIV 1 sirus ® [hese findings demon
strate that both oral and upper gastromtestingl mucosi have
snportant roles in achievement ol mutosal trinsmission of
HIV 1

A small anumad model for the i vno wudy of human
penipheral blood leuvocytes (hu PBL) would be viluable for
the elucid wion of human specific inlectious avents such s HIV
L Severc combued immunodenicieney (SCITY) and non ohes
diabetic (NODYLASs seid (NOD/SCID) mice re onstiluted
with hu PBL muce have been cstiblished’ ' and theu systemie
nfection with HIV 1 by intrap ctona [ ingection fiw be n
whiev d"' Th NOD stram 15 chwactensed by 1 unuional
deheit of natural keller (INK) eells' ' absence of v areul wine
complement' and defects i the dilarent sion md fanction of
migen pr senting eclls ' YRew nily NOLYSCID (32 anero
tlobulin knock out (NOD/SCID 2m M) mae whaeh ue ool
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histocompatibility complex (MHC) class ! deticient B and T
cell deticient C § dehcient and have a low number of NK cells
were established '* ? These support up o six to sevenfold
higher levels of hu cell enprafunent than NODVSCID muce
which is associated with increased levels of hu CD4* T cells

A long tetm culture of hu lymphocytes in the NOD/SCID
mice system induces cytotoxic T cells and up regulates infy)
tranon of CD8™ cells into vanous ussues  Interleuhan (IL)4 1s
a plerotropic cytolne produced by activated T helper 2 (Th2)
cells masteells and basophils * ** and has been 1denufied as an
umportant regulator for CD4™ Th2 subset development * It 1s
also well hnawn that a change 1n Th1/Th2 balance 15 the result
of vanous immunoreactions ® Therefore 1n the present study
IL-4 was used as the effective agent for grafting of hu CD4™
cells 1n the NOD/SCID mouse system

Studies with newborn and older macaques have shownthata
non traumatic inoculation of SIV into the oral cavity can lead (o
productive viral infection and acquired immune defiuency
syndrome (AIDS) ¥ which s possibly intiated 1n the tonsits
by M cell uptahe and transported by rapid infection of local
lymphoid ussue 7 In the oral infecuon of SIV Robert Guroff
noted that palatine and sublingual tonsus contained deep crypts
rich in M cells and suggested them as another potenual route of
HIV infection ® These swdies have focused on non traumaue
intection ustng SIV or SHIV in vno experimenis however the
traumatic wnfection by HIV | on oral mucosa have not been
widely reported These sites are not a well established entry of
HIV 1 though the question of whether pertodontal mucosa
condiion 15 a nisk factor for HIV intection 1s of obvious
importance Because mice do not develop palanne sublingual
or pharyngeal tonsils we investigated first whether IL 4 adm
nistrated NOD/SCID B2m " muice could be useful as a small
humanized model for the study of celf free HIV oral mfection
and second whether oral mucosa with or without trauma in a
model have umportant implications for the ichievement of
mucosal transmussion of HIV 1 by using oral exposure of
cell free HIV 1 in the present study mouse systems

MATERIALS AND METHODS

Mice

NOLVSCID and NOD/SCID B2m " mice were purchased from
The Jackson Laboratory (Bar Harbor ME) and mantained at the
Natwnal [nstitute ot Infectious Diseases (NIID) The present study
used female mice at the ape of 6-9 weehs All experiments were
perfonned 10 accordance with our institution | guidelines

Hinan lencocvie tansplamation

Transplantaton of ha PBL 1nto both types of NOD/SCID muce
was performed using proceduns and condiiens describod
previously  hu PBL cells were separated Irom hu penphes il
blood by Ficoll Conrey (Immuno Brologic il | yoortonics
Cunma Japan) density sidient ¢ ntnfugation then washed
three umes in Hanks balwneed silt selutiwon (HBSS) (Gibo
Laboratonies Life Technologies Pausley UK} and adjusted 1o 1
4 0-8 4 x 107/ml concentration of Lells tn HBSS A hu PBI
susp nston ws then admumst ¢ d intripenton ally s 0 S ml
por mouse M1 were niwdiat d (22 Cy wimina iniation)
from 1" Cs soutce (Gimmi 140 Atomie Fi ey of Canda

I Kanata Canaday 0-1 days before human cell transler On
days 1 7 and 14 after hu PBL transplantation mice were
administrated tntrapentoneally with ether 62 5 ng or 250 ng
of hu IL 4 (204-IL R & D sysiem Inc Minneapolis MN) n
300 pt of phosphate buffered sahne (PBS) pH 74 Control
mice were injected intrapenitoneally with 360 ul of PBS alone
Ondays 21 and 28 mice were Wdmunistrated with vanous HIV |
struns by intrapenitoneal or ord woculwion On day 35 all
mice were hilled and analysed

Virus wmoculanon

We used the tollowin, cell free HIV | struns HIV I ypy and
HIVy as X4 viruses and HIV Ity prg HIV Ly g and HIV
er EL &S RS viruses HIV I'N'DK HIV IMN HIV 1]11 PF§ and
HIV 1y csp were obtaned from the NIH AIDS Research and
Reference Reagent Program and HIV )y g was hindly provided
by Dr Yoshio Koyanagi (Department of Virology Tohoku
Unnersity Graduate School of Medicine) Fifty percent tissue
culture infection doses (TCID«y) were determined by limiting
the dilution of virus stocks with phytohemagglutinin and 1L 2
activated hu PBL The cell free supernatants were stored at
—130 untul used as a virus source All procedures for infection
and maintenance of hu PBL NOD/SCID mice were performed
in biosafety level 3 faciliues at the National Instiute of In
fectious Diseases Tokyo Japan under standard caging con
duions  Grafted muce were intaperitonrally imected with
1 x 10 =1 x 10" TCIDs, of vanous stramns of HIV 1 as posi
tive controls The strains were transnmutted into the oral cavities
by two different means One method was 1o 1noculate the virus
uno the oral cavity without trauma as a model of an intact oral
cavity while the other was to inoculate HIV 1 wnto the oral
cavity after trauma which was induced in the penodontal
mucosa by injury with scissors under anaesthesia as a model
of an oral disease such as periodontal disease A 100 pl cell free
virus sample was pipetted for 5 mun onto non injured and
inured penodontal mucosa in the mice oral cavittes The muce
were not 1blowed to dnink or et overught after HIV [ exposure
Seven days after the last inoculation of HIV 1 the mice were
hlled and analysed

Tissue repaalton

On day 35 after transplantation of hu PBL wnta mice (. upper
and lower jaws spieen cervical lymph nodes lung liver
silivary gland and serum were exuiacted for the tollowine
experiments Som inuce were anacsthetized with sodium pen
tobarbutal (0 008 ml/g mouse) and hilled wnd fixed by exsan
Luinatiens then  underwemt  perfusion  with 4
paratormildehyde (PFA) in a 01 M cicodylic actd bufler
adrmunmstered throueh the left ventncte of the heart Subsc
guently oral tssues induding the jaw and surreundine, soft
tissue were removed and placed nd 7 PRA for 12 hr At 1
ixauon the specimens were washed then de dahied in 10
neutribbu!t rod cibylen diaminetea v wetic wad (FDTA) usin
tmagnete switer w4 jor 3 wecks

Flow eviomein

Single ¢ 11 susp nsions trom the 1 mos 1spl ens w r
pwed Contwunited red blood ¢ s were lysed in vnmonium
chloride pacissium (ACK) butfar nd rinsed twice in HBSS |
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the number of viable cells was deterimined by exclusion of
trypan blue (Sigma Aldrich St Lowms MO) using a hacmouyt
ometer Single cell suspznsions were staned with the following
antibodies fluorescein 1sothiocyanate (FITC) comugated anu
mouse CD45 (30 F11) anu mouse CD4 (H129 19) ant hu
CD45 (H130} anu hu CD4 (RPA T4) and phycoerythnn (PE)
conjugated antt hu CD8 (RPA T8) Each was purchased from
BD PharMingen (San Diego CA)

The expressions of galactocylceramude (GalCer) CCRS and
CXCR4 wn mouse oral mucosa were also examined by fow
cylometry Surgically resected mouse gingival and palatal
mucosa were minced and then dispersed with 0 25/ trypsin
and 0 2% EDTA by continuous surnng [or 90 min at 37C
Prepared single cell suspensions were tncubated with the fol
lowing antibodies rabbit antiserum to GalCer (CovilAb Qul
lins Cedex France} FITC conjugated goat anu rabbit
immunogioblin specitic polyclonal antibody (BD PharMingen)
PE conjugated anti mouse CD45 (30 F1I BD PharMingen)
FITC conjugated anti hu CCR5 (2D7/CCR5 BD PharMingen)
and PE conjugated anti hu CXCR4 (12G5 BD PharMingen)
Normal rabbit immunoglobulin (DAKO Glostrup Denmark)
was used as a control 1sotype Staiming was evaluated for a
munmum of 10" cells with 2 FACSCalibur (Becton Dickinson
Frankhin Lakes NJ) flow cytometer and data were analysed
with Cellquest (Becton Dichinson) software

Immunolustochemsiy

The decalcified oral tissues including the jaw were snap frozen
and embedded 1n OCT {Tissue Tek Sakura, Tormance CA)
Serial 10 pm cryosections were placed on matsunami adhesive
stlane (MAS) coated glass microscope shides (Matsunami Glass
IND Osaka Japan)and dnied then rinsed three umes in PBS for
5 min each time Endogenous peroxidase activity was quenched
with 34 H O n PBS {v/v) for 20 mun at room temperature
then the sections were washed again three times 1n PBS for
5 mun each ume and the shdes were ncubated with 2%
bloching horse serum (Vector Laboratonies Burlingame CA)
for 1 hr at room lemperature m a humdified chamber Excess
serum was draiped and biotinylated anubodies (munne mono
clonal anti hu CD45 clone HI30 anti hw CD4 clone RPA
T4 and ants hu CD8 clone RPA T 8 (BD PharMungen)yin 1/
bovine serum atbumin (BSA)-PBS were directly added 1o the
sections and incubated overnight at 4 1n a hunudihed chamber
For a negative control non specihic mouse immunoglobulin G1
(1 G1) was used o the sume concentration Sections were
rinsed and then the anugen—antibody complex was detected
using an avidin-biotn peroxidiase kit {Vector Labor tarnes)
33 dinminobenzidine  tetrihydrochlondedihvdrale  (Vedtor
1 aboratones) was used 18 the chromopen nd <ections were
counterstatned with methyl greon (Mutok igaku [okyo Fapn)
then mountud with ENTFLI ANneu {Merch D umstadt Cor
mumy) These peniodontal sections were ilso stuned with
hv moxylin and eosin (H&F) for conventionit histolowi o
waLssment

Nested polimerase ¢haw reactien (I CR) and DNA

Ve ce anadviey

DNA from th spleen comncal lymphnodes lune ftver sy uy
tlind nd periodontd ussucs was ext icted using 1 DNcasy’

v 03 Blwkw U Publstung [Tid s 1ogy 109 1712047

ussue Kit {QIAGFN GmbH Hilden Germany) according ta the
muanufacturer s nstructions and tested for proviral DNA by
nested PCR with primers derived from conserved HIV 1 e and
gag sequences The pnmers (Iirst OA and OD and second SB
and §C) used for the esn PCR assay were OA 5" TGTACA
CATGGAATTAGGLCAGTAG 3 (HIV genome location
6962-6986) and OD 5 AAATTCCCCTCCACAATTAAAA
CT3 {7345-736Y) tor the pnmary reaction and SB §
TCAACTCAACTGCTGTTAAAT 3 (6989-7009) and SC
5 AATTTCTGGGICCCCICCTCAGG 3 (7314-7336) for
the secondary reaction Primers (first JAL52 and JA1S5 and
second JA153 and JALS4} for the gag PCR assay were
JALS2  § ATCTCTAGCAGTGCCGCCCGAACAG 36 4~
and  JAL55 5 CTGATAATGCTGAAAACATGGGTAT 3
(1276-1300) for the pnmary reacuon and JALS3 35
CTCTCGACGCAGGACTCGGCTTGCT Y (679-703) and
JALS4 5 CCCAIGCATTCAAAGTTCTAGGTGA 3 (1213-
1237) for the secondary reaction These pnmers have been
reported previously 230 The prunaty reaction mix contained
10-100 pg of DNA 12 5 pl of Premux Taq Tahara Ex Tag'™
Version (Takara Bio [nc Shiga Japan) and | pM of each primer
in a total volume of 25 pl The samples were first preheated for
9 mun at 94 then cycled 34 umes at 95 for 1 min annealed at
55 for 2 mun extended at 72 for 1 min and finally incubated
at 72 for 5 min The secondary reaction used 2 5 pl from the
prumary PCR product under the same conditions as in the
primary reaction To cenhrm whether the PCR products were
recovered from the HIV 1 strains used nested PCR products
were purified using PCR Kleen Spin Columns (Quantum li’rczpﬁ
Bio Rad Laboratones Hercules CA) and sequenced using a
sequencing kit with fluorescent dye terminators (Perkin Elmer
Foster Cuty CA) accordinyg, to the manufacturer s instructions
These PCR primers and amplihcaton conditions were also
subjected to sequeneing. The sequence data were collected with
an ABI PRISM® 377 DNA Sequencer (Applied Biosystems
Foster City CA)

Quantuitame PCR assay

Serum ‘irus RNA copy numbers were determined using A
guantitatrne PCR assty (Amplhicor Reche Molecular Systems
Somervalle NJ) One hundred pl of mice serum was (ahen on
day 35 adter hu PBL transplantion and subsequently assayed
according to the nstrucuons provided by the manufacturer The
detection hmut for the RNA copy numbers was 800 in this
expertment

Fn ymre finked unmunosorhent asven (FLISA) of secreton
leuhocrte protease whibuor (SLPH fiom salna

To abtatn whole s1livy tiom NOD/SCID ind NOD/SCID 2m "
mice they were intrapestoneally injected {atter anaesthesia)
with & cochtul of 1soproterenol (020 me/100 g body wt) and
palocrpne (0 05 me/LO0 & body wt Siomna) in PBS s seere
tipogue Substquentdy s unawascellecwd ftom the mouth by
microppetie 1or 15 mun nd stored in 15 m microfuge tubes
Whole hu stiva from thice hodthy individuals and whole
mouse saln i from thiee mie of ¢ wh strun were collected
nd ¢ ninfug, d 3K > g lor 15 mun Fach supematint was
stenlized using a6 22 pun Milles CV it r¢Mulitpore Products
Bedford MA} Husalnniy SEPT wis deteymined usine 4
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sandwich ELISA technique as follows Ninety six well micro

tire H plates (Sumitomo Behlite Tokyo Japan) were coated
overnight at 4 wath 100 pl of 1 1000 dilution goat ant1 hu

SLPI polyclonal anubody {Cosmo Bio Co Lid Tokyo Japan)in
50 mM of carbonate buffer (pH 9 6) The plates were washed
with PBS containing 0 5% Tween ?0(PBST) and blocked with
1 4 (wt/vol) shummed muth in PBST This was followed by the
addiion of 100 ul of a twofold serial dilution of saliva to the
wells and incubation for | hr at 37 The wells were then
washed five umes with PBST and further incubated for 1 hr
at 37 with 100 pl of anti hu SLPI monoclonal artibody (clone
31 HyCult Biotechnology PB Uden Netherdands) diluted
[ 1000 in PBST The wells were then washed five times with
PBST and further incubated for | hr at 37 with 100 jd of
alhaline phosphatase conjugated goat anti mouse IgG (y) anu

body (Zymed Laboratory South San Francisco CA) diluted
1 1000 in PBST After five washes with PBST bound SLP1
were detected after the addition of 100 pl of 1 mg/ml param

trophenyl phosphate (Sigma) as a substrate and incubation for
1 hat37 SLPI differences between human saliva and mouse
saliva were determined by colonmetric end pownts read at a
wavelength of 405 am 10 a microplate reader (Multiscan Bio

chromatic Bichromatic Lobsystems Helsinky Finland)

R Nakao et al

Statistical analy vs

Statisticnl analysis was performed by Mann~Whitney s U 1est
P values of 0 05 or less were considered to indicate statistieal
signihcance

RESULTS

Eifects of hu IL 4 on grafing of hu CD45 CD4 and CD8
cells in NOD/SCID and NOD/SCID B2m *! nuce

To establish a small animal model for HIV infecion we ex
amined the effects of IL-4 onhu CD45* CD4™* and CD8* cells
1 NOD/SCID and NOD/SCID B2m " mice In NOD/SCID
mice the admumstration of fow doses of IL-4 (62 § ng/mouse)
induced shght increases 1n {CD45% (86 3% + L1 2 (repre
sented by average £ SD} 0 = 7] CD4* CD8” (339Y +
109 u="7) and CD4~ CD8" (51 4% + 63 n=7) cells
in companson weth the controls which were imjected with
PBS alone (CD45% 737% £ 316 CD4* CD8™ 2794 +
24 0and CD4™ CDB* 40 3% £ 115) though the differences
were not sigmficant Moreover the administratton of high doses
of IL-4 (250 ng/mouse) did not induce signuficant changes of
CD45% (T08Y + 167-694% £ 355 P =08273 n=86)
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CD4* CD8™ (336% + 239-309% £ 273 P =08293
n=~6) or CD4~ CD8* (322% +53-384/4 £ 135 P=
0 5127 n = 6) cells 1n proporuon to the control

In NOD/SCID B2 " mice the adminstration of high
doses of IL-4 (250 ng/mouse) induced sigmificant increases
of hu CD45* CD4* CD8™ and CD4~ CD8* cells m compar
1son with the control (Figs | and 2c) Further the proportion of
each type of hu cell in spleens lrom PBS and IL 4 treated
mice was different from that of fresh hu PBL (Fig 2a)
As for the hu CD4/CD8 relative ratio there were no signi
heant differences between the PBS and IL 4 groups in
either mouse strain (Fips 2b ¢) However the ratio in spleens
from both strains alter adminmistration with IL 4 was halfl
(approximately 1) of the rtio of fresh hu PBL before trans
plantation

Human PBL
100
gy b |-~
o | |4
40 }
o |6l B M
o Ll 5]
(a} Chas co4 con
NOD SCIDmice
a0
&0
40
20
a
Chas cos4 coa

(b) QO PBS BIL 4 250ng

NOL SCID B2m “' mce

i

T4y cD¢ 08

1« DPBS @ L4 2500y

HIV | nfecied
NOD SCID 82m 'mce

k]
L
43

: |I| h . h
r 4 (g6 ra

1)

Identification of hu leukocytes in pertodonial lissues

To study circulaung hu leucocytes treated with IL 4 i oral
ussues hu CD45* CD4* CD8™ and CD4~ CD&* cells were
statned for immunohistoche mistry assay in hu PBL NOD/SCID
and NOD/SCID B2m  mice Many hu CD45* cells were seen
in tooth pulp samples from NOD/SCID B2m " mice a1 5 weeks
Witer grafung (Fig 3b ¢) However hu CD45™ cells were not
found in the upper area of epithelium 1n oral mucosa though
they were found accomulated at the junction of the epithelium
and amuna propria (Fig 3e f) Simular results to hu PBL NODY/
SCID B2m " mice were aiso found 1n the hu PBL NOD/SCID
mice (data not shown) A greater number of hu CD45™ cells
w1s induced by 1IL-4 than PBS administration e peniodontal
ussues from hu PBL-NOD/SCID muce {Fig 4) Howeser
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Figure 3 Photomirographs of pulp and junction of epithebum and lanuna propnia specimens from hu PBL NOD/SCID B ™
nuce given PBS (x 400) H&E staining of pulp (a) und junction of epithelum 1nd lanuna propna (d} are sho vn m the left column
Imnnohistochemical stairang of CD4S - cells and non staning we shos nn the pulp tband ¢ respectively ) and jun ton of epithelium
and lamuna propna (e and 1 spectuively) Data shown are repr suntative of four mdependent expenments

these positve colls hu CD8™ cells were found i much wreater
numbers thin CD47 cells (Fig 4) In contrast 1 NOD/SCID
B2m " mice 11 4 and PBS induced not only CD8* cells but
Wso CD4% ¢ g (kg %) These rosults indicate that hu PBI
NOD/SCIDBYm " mice weed with B 4 muy be usclul as
sm il anumal moedel tor oral transmission of HIV

Oral transmussion of HIV tn hu PRI NOD/SCID

B2m ! mice

lo evlu we o1 rnsnussion of HIV with or without uuina
vaiious HIV | suuns were saiven cither intpueritonclly or

orilty to hu PBL NOD/SCID and NOD/SCID B2m " mice
Hu PBI NODV/SCID muce mnoculated with HIV [y aintaper
ioneally at a dose of 100 TCID , showed em and qas, PCR
products i ill spleen cells md an of three lung tissues 15wl
48 HIV | RNA coptes 1o serum (Fie 6) Sl results wone
also obtarned for hu PBL NOD/SCHY B2m " mice 1 wll 1
those thocul ued intrapenitoneally with other stuns of HIV |
(duwa not shown} Mice inleeted with HIV 1 did not show
siphcant iuducton of hu CD4™ lts amone spleen cells s
imteaperion b anocul won (hig 2dy Further PCR products
wer not found i cervicdl lymph node fiver sabinary gland
or he ut speenmens (d oot shown) Mice mocul vid wath 100

D03 Blackw 1l Poblishone Lod F 0 wnol o0 T 771 32
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Fgure 4 Photoms 1ygraphs ol ponsd sataltissue po sn n fromhu EBL NODSCID o (x 200) HAE ey (vnd b)) mobun
ustechem dstumneolhu CD45 0 s ndd) wndhu DY {ean 1) indho CDS T ells(eand hpinpeniodont dtissues from o PRI
NOD/SCID e cpnvenPBSand it d weshove | indrpbipancts how peniodontal sueions fromnuce piven PRSand 11 4 respuctinely
ond 351 7 ud 14 Thotos ho vsamnilse tonsin sl gur - hiomuppatclo or Daty bo marer presentitiveod 3m lepend ntexpuum
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Figure 5 Photonucroyraphs of pune fontat nssu spe sm ns trom hu PBL NOD/SCH) BYm "ame tx 003 1T suonm taan T h)
Immunohistoch nv al stasng, of hu CD45 st md 1) ind ho CD4 (e and Nand he CR8 T ls (s wnd h) i p nodentld
1 ues fron hu PBL NOD/SCID m e piv v PBS ni Bl 4 e pe 1 vely Teftand nght puoeh shas pero lontal se tun bem m

Inunistr ¢ dPRS Wil 4 rap v Iy «n lays | 7 anl 14 Photos shov s mds nonsanall bpur fiomupp re 1 r D
sho nar roprosentatsve of the dep nf ol spertments
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MV 3 2 3456 78 910112

{a) Spleenenv ".“ " : oo Lol 2348 bp

{b) Sploon.gag Rl R © 550 bp

“ Lu"g o _ )Mebp

ld' Lu”g 9 — 1359 bp

{e) CLNienv ' Y4B bp

{1) CLN qag + 550 bp

g} RNA copy umber
Lare I EE a | s | s 7 P 9 10 " 12
Dose of HIV (X4 virus) 1001CID, 500TCID,,, W0TCID,,
Route ol noculation p n po p n po ny po nocell | o HIV
RMA ¢copy number 6847 ND ND 2205 ND ND ND ND ND ND na tem pc

Figure 6 PCR products for ern and gag penes in spleen{aand b) lung (candd} and CLN (e and t) tssues from NODV/SCID nuce and
NOD/SCID B*m " muce respectively infected with HIV I RINA copy numbers are shown in g Hu PBL NOD/SCID nuce were
wnoculated wath HIV 1, via ditferent routes the peritoneal cavity (lane 1) and oral cavity with (lane 7} and without (fane 3) mpured
tissues NOD/SCID B'm " nuce were inoculated with HIV by v1a dafferent routes penitoneal cavity (Jane 4) and oral cavity with
(lanes 5 and 7) and without (lanes 6 and 8) injured fissues Lane MW  Molewular weight standards (Haellldigest ot $X174) As shown
in the table (g) the detection linut of RNA copy numbers was 800 1n thts expertment Data shown are representatine of 3 independent
experiments ND not detecied 1p intrapenitoneal cavity 1n) oral cavity withanjured tissues po oral cavity no cell tssues from NODY/
SCID B2m " nuce moculated intrapentonealty with HIV 1 no HIV nissues from hu PBL NOD/SCID BYm " nuce no tem negative
control for PCR assay (no template DNA) pu positive control DNA (HIV 1)

500 and 1000 TCID« HIV gy as X4 vimuses into the oral
cavity with and without trauma did not show PCR products of
gag and em an any ussues or HIV | RNA copies 1in serum
(Fig 6) HIV lypk at a tngh dose (100 TCIDsy) also failed to
cause oral infection n the mouse system (data not shown)
Further the RS viruses HIV 11y ppe and HIV 154 did not
infect the oral cavity of mice with or without trauma at doses of
§00 and 1000 I'CiDsg (Fig 7 and 500 1CID+ data not shown}
HIV 1k ¢srat 1 high dose {1000 and 10000 TCID ) also taled
to cause oral intection 1n the mouse system (data not shown)

Expresston of corcceptor 10 HIV | 1n mouse
perwodontal tissues

o evaluate the expression of the corecuptorto HIV | 1in mouse
penedontal ussues samples were extracted and homogemzed in
HBSS nd stuned with varous FITC or PE conjugated ati
coreceptor antibodies for fluoresience whivited cell sorting,
walysis CXCR4 was expressed on 137 7 of the CCRS  cells
nd 13/ of the CCRS' cells 1n mucosal tissucs from NOD/
SCID 2m " muce {Fig 8) Morcover CuCur wis expressed
i1 of the CD45  cells (emithelial webls) but not in CD45Y
v s (leucocyt s kg 8)

DISC USSION
In the present study we first examined e Clectol hu 1D 4w

wiampt o ostbhish i wnmal modet tor HIV an il trinsnusson

v 003 Blwkw It Pubhishinyg, Lt frenen 1y 109 071-

using NOD/SCID muce and NOD/SCID B2m " muce which
were considered (o be useful recipients for the migrauon and
grafung of hu lymphocytes 1t 1s known that 1L preferably
acuvates Th2 subset T lymphocytes®' and causes an merease tn
immunoglobulin production® As tor the effect of hu IL 4 on
hu lymphocytes 11 a human mouse chimera construcuon hu
IL 4 causes an escape from activation of hu cytotoxic T cells
and natural Kilter cells :n NOD/SCID mice * Further Lytotoaic
hu cells induced 1n the SCID mouse system are accompanted
by an increased sensitivity to apoptosis which 1s hknown to
regulate proliferation wd maintain fymphocyle homeosta
s1s +** The appearanw.¢ of apoptotic hu T cells 1s dependent
on cytoloxicily 1ganst mouse ussues and s up regulated
dunng intiltrattion i a long term NOD/SCID culture The
mhltratton of a large number of CD8* cells has also been
confimned 1n severil types of NOD/SCID ussucs lrom th
hidney lever penodontdl ussues and bone murow (3?
Fig 4) In the present study hu IL 4 sicniticantly stuimul ved
mipratton obhu CD4* and CD8™ cells in splecn and penodontal
ussues lrom NODYSCID B2m P inice Funthesmore th migi
won or circul won of hu CD4™ cells without poplosis o
perpheral tissacs such v pertodontit tssues ws higha m
NOWYSCID B2m " muwce thin NOD/SCID Thes
results tndicte that hu [T d-admumistr wed hu PBL NOD/SCID
B2m Y mice m 1y be 1 usclul modd for wyvne studics of ho
lymphocyte response an the ord civity 18 the method s less
wtifict ] and Cisy o purloim Bocans at as 0ot noess Uy Lo
mecultuie hu lymphocytes
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MWw1 2 345678 910141213

[A) Splean‘eny

{b) Spieon gag

_‘Mebp

559 Dp

(ct Lung/aiw «348 bp
() Lung'gag r559 bp
(e) CLN env < 348 Lp
(1) CLNgay +559 bp
(g} PT'env L 348 p
{h) PT.qag + 559 bp
(N ANA copy numbar
Lane [ 2 T 3T a | s 6 | 7 8 9 10 1 12 13
Dose of HIV (RS virus) WOTCID,, 100TCID |,
Route of Inocwiation P p?2 p3a it mn 2 pa1 po 2 ny po no cell | no HIV
ANA copy number 15928 | 16728 | 17494 ND ND ND ND ND ND ND NO | notom pc

Figure 7 PCR products for em and gag genes i spicen (a and b) lung (¢ and d} CLN (e and f) and PT (g and h} tissues from NOD/
SCID nuce and NOD/SCID B2m™" nuce tespectively infected with HIV 1 RNA copy numbers are shown m) Hu PBL NOD/SCID
nuce were moculated with HIV 1qy00pp7 via different routes the pentoneal cavity (lanes 1 and }) and oral cavity with {lane 4) and
without (lane 6) ussue injury Hu PBL NOD/SCID B2m™" nuce were inoculzated with HEV g g via different toutes the peritoneal
cavity (lane 3} and oral cavity wath (lanes 5 and 8) and without (lanes 7 and 9) tissue injury Lane MW Molecular weight standards
{(Haelll digest of dX174) As shown in the table (1) the detection linut of RNA copy numbers was 800 in thus expenment Data shown
are represeniative of one of (wo independent expenments ND not detecled 1p trapentoneal casity ) oral cavity wally :juored
tissues po oral cavity nocell ussues from NOD/SCID B2m™* muce moculated intraperitoneally with HIV 1 no HIV ussues from hu

PBL NOD/SCID B2m™" nuce no tem negative conirol for PCR assay (no template DNA} pu postine contial DNA (HTV 1y}

Prnmary solates from HIV l-infected pauents obtained in
the early stages of infection have been shown to be pnmanly RS
viruses 9 wlich are very efficient in thear mfection of epithelal
cells through moenacytes *” However both low and bigh con-
centranons of cell-free R wiruses failed to infect hu PBL-
NOD/SCID and NOD/SCID B2m™" muce by oral transmission
with and without oral rauma Recently 1t was supgested that a
potential mechamsm of HIV 1 enuy wnto epithehal cells was
direct transier between productively intected cells and epithelial
cells *® Moreover Meng ef af noted that wntesunal epithel:al
cells that expressed glycosphingolipid GalCer might selectively
transfer RS HIV | to CCR positive cells such 1s maciephages
or T lymphouytes via the lamina propriv m 1 eell contwt
dependent manner ¥ We Lonfirmed that epithels U cells Trom the
present experimental mice shghtly cxpressed GiCer wd
CCRS the chemokine receptor that serves s b coreeeplor
ton RS viruses Therelore acell fice RS virus may not be able
1o invade the mouse mucos il bartier withowt twonsil esvenif hu
CD4* cllls are present in ginginval tssues o1 imured tussues of
the oral cavity As 1result ats supposed tht ccll—lll contwt
by nfected cells lewds 1o tnsmusston and infoction o mice

The HIV 1y steun one of the most proy alent HIV E strums
i North Amene 1 nd Buropc "™ ' felassiicd 1w subtype Fond

known 15 an X4 virus) was also inocutated orally 1n the present
mice A X4 virus reguires interaction of the envelope glyco
protein with CD4 and a sceond receptor ¥ Lhemokane receptor
CXCR4 In the present study cell Iree X4 viruses did not
transmut to or infect myured gmagnd mucosa inhloated by a
large number of hu CD4™ cells in hu PBL NOD/SCID B2m™!
mice sumulated by IL-4 as well as the RS virus Further direct
contact of the cell-free X4 virus 1o hu CD4™ CXCR4* cells in
the oral cavity with imured tissues did not result in HIV [
infectron 1 the mice It s hnown that the human s liva cont un
resistants to HIV 1 mmfection 15 o HIV 1 agents such as hu-
SLP1I™*? ind thrombospondin® that igprcpate viruses {by
blocking vuus—CD4 interactions durig suus entry) and the
hyponicity ol sahiva contnbute 1o bt cell ssocated voal
replication © We mossured SLPL 4 1 wpresentune el the
mhibitors however 1 was undetedted 10 the meuse < liva
samples

In a rceent prospective cmical il 16 2%s ol the ©wses ot
vertcal trnsmssion of HIV vould be weribed to breast luod
mng 2 Omal u wsmission o) HIV | mong wults s contioversid
I a study o 122 people wath pnmary HIV L inlccton Dallon
er af csumited thit 6 6% of the iplecuons rewulted lom ol
sex " In the presence of sevare ponodontil disc e ey low

¢ 2003 Blawhwedl Publishing Fid Zosmnofo 108 2712282
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Figure 8 Flow cytometric analysis of hu CXCR4™ and CCRS™ cells
and GalCer* epithehal cel] populations in mucosal tissues from the oral
cavities of treated NOD/SCID BIm™" nuce The analyses were per
formed on galed cells larger than lymphocytes wath forward scatter/side
scatter Lharactenstics Mucosal tssue cells van be distinguished 1n the
quadrant analysis The proportions of CXCR4* and CCRS* cells were
vompared to non stamed cells as a negative control The proportion of
GalCer™ vells among CD45™ cells was compared to cells stained with
the control 1sotype anubody Data shown are representative of three
independent experiments

concentrations of infectious virus were present in 21% of the
salrva samples from HIV-seropositive patients at all stages of
HIV infection *” However mucosal and gimgival lesions such as
gingvites and candidiasts can cause bleeding thereby releasing
the virus and infected cells 1nte suiva and incieasing the
potential nisk of oral transmussion *® A research agenda that
clanfies in detul the rish from oral-genital contact 1n adults s
impontant for rattonal counselling and preventon From results
of the present study we supposed two hypotheses First human
mucosa which likely has a pathogenic role in bleeding diseases
such as penodontal diseases relocates the infected cells 1o other
lymphotd tissues through the receptor-mediated homing proper
ties of the mucosal system Second tonsils may be an essental
gate for oral-transimasston or imtection of HIV-1 ovr cont it ol
cell tree virus Lo cells with 1eceptors 1 uumal models There-
fore a debimitive conclusion regarding the diifeience between
oral mucosa with and without tonsds in the 1ole of the oral
transmussion of HIV | ruquires turther unestigatton Qur hind
ings demonstrated rusciul sl humnzcd model for the study
of HIVonl ir wsmussion or ilecuon nd may help o detine the
window of opporiumty for imuaton by the HIV virus
erxpenments uang amml models ot oral (rinsmession
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Bone Regeneration by Recombinant Human
Bone Morphogenetic Protein-2 Around
iImmediate Implants: A Pilot Study in Rats

Khairul Matin, BDS, PhDY/Hidenobu Senpuku, DDS, PhD2/Nobuhiro Hanada, DDS, PhD3/
Hidehiro Ozawa, DDS, PhD*/Sadakazu Ejin, DDS, PhD®

Purpose Difficulties relating to bone regeneration that compiicate immediate implant placement include
buccal and/or lingual fenestrations, primary anchorage of the implants, and the need for protection from
functional foading dunng the osseointegration period The objective of this pilot study was to evaluate
bone regeneration by recombinant human bone morphogenetic proten-2 (rhBMP 2) around immediate
implants placed 1n maxillaty sockets in rats Matenals and Methods A total of 16 cylindric 0 81 8 mm
commercially pure, sohd ttanium implants were placed immediately after gentle extraction of the maxi
lary first molar teeth of 8 male Wistar 1ats The sockets were randomiy divided into 3 groups group 1 (n =
6) receved rhBMP 2 with polylactic acid/polyglycoiic acid copolymer—coated gelatin sponge carner, group
2{n = &) received only the carrier, and group 3 (n = 5) 1eceived no grafting materials following placement
The rats were euthamized at 90 days postsurgery for microscopic analysis Results in group 1, the
implant body remamned submetged completely, including the coronal part, which was fully covered by a
significant amount (30% of total height) of regenerated cortical bone, even though the implant could eas
ily be pulled out by a tweezer at the time of placement Close approximation between the implant surface
and regenerated bone could also be detected, indicating good bone to implant contact In contrast, only
peirimplant bone regeneration occurred in group 2, and an approxmate 0 3 mm coronai part of the
implant remained exposed When no grafting materials were used (group 3), almost one third of the total
length of the implant was exfoliated out of the socket when no grafting materials were used Discussion
and Conclusions Based on previous study and data from 16 sockets of the present study, it could be
concluded that rhBMP 2 faciiitated the regeneration of bone around immediate implants In particular,
the bone coverng the coronal part could have been regenerated shortly after surgery, which helped to
maintain the tmplant body inside the socket during the integration pertod mn rats (INT } ORAL MAXILLOFAC
IMPLANTS 2003,18 211-217)

Key words bone morphogenetic protetns, dental implantation, dental implants, gelatin sponge, imme
diate impiant placement
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lacement of implants immediately after tooth
extiaction 1s a treatment modality used mcieas-
ingly commonly i implant-suppoited oral 1ehabil-
itatton ! To date, there hive been several studies
documenting this immediate implant placement
technique '=! Major difficulties?’ 1elating to bone
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reqenenituon thit complicate immediate 1mplant
procedures melude buccal and/or lingual fenestra
tons primay nchorage of the implants and the
need for protecuon trom funcuonal loading during
the osscomtegintion pertod In addition stability
ot the implint body durning the osseointegiation
period nd osseointegration 1t the coronal pait of
the ymplint may be of concern There 1s always a
rish of trauma to the implant bone interface
which ¢an compromuse implant success or inciease
crestal bone loss To oveicome these difficulties
various techniques are being investigated and
applied and special efforts have been devoted to
improving the bone implant intetface by 1egene
1ting enough bone of sufficient quality around
implants Recent 1eports have demonstiated bone
1egenelation around nonsubmerged 1implants
placed immediately in extraction sites and sup
ported by grafting matenials o1 bone augmentation
materzals 7 Some of these studies mmolved the use
of bioabsorbable matenals which did not signifi-
cantly enhance penn implant bone 1egeneration m
immediate implantation

Recombinant human bone mo1phogenetic pro
temn 2 (thBMP 2) 1s the most actively studied of the
tecombinant protemns produced by 1ecombinint
technology for human bone moiphogenetic pro
teins ? The most recent 1epoit on successful oral
wpplicition of thBMP 2 in humans 1s very encour
wging and 1t suggests that further studies of vatious
o1l applications of thBMP 2 would be worth
while ' In previous work the present investigators
were able to demonstiate that thBMP 2 accelerated
socket Liealing so as to preserve the cortical bone
volume 1n 1at mawllary 100t sockets !! Bone regen-
eration around immediate implants supported by
thBMP 2 has not previously been evaluated in -
mal models Theretore the purpose of the present
study was to evaluite the bone regenerative etficacy
of thBMP 2 around immediately placed implants 1n
the maxllary root sockets of rts

MATERIALS AND METHODS

The piotocol for this inrmal experiment was
approved by the Nugata University School ot Den
tstiys Commuttee on the Guidelines for Animl
Expertmentation Six week old male Wistar 1ats
(170 to 190 g Chailes River Laboratory Yokohama
Japan) were housed under smular conditions (22°C
1oom temperatmie 40% humidicy and a 12 how
daylight cycle) fed commercnl rat food (MF On
entil Yeast Tokyo Jipan) and given iccess to tap
water 1d libitwm
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In this experiment a polylactic acid/polyglycolic
acid copolymer (PLGA) —coated gelatn sponge (GS)
was used as the thBMP 2 cainzer (PLGA/GS) ! The
molar ratio of the PLGA polymeis was 1 1 and the
weight ratio of PLGA to GS was 4 1 with porosity
of approximately 90% !

A total of 16 manllary first molar teeth were gen
tly extracted from 8 Wistar rats under anesthesia,
and the rats were divided mto 3 gioups Gioup [ (n
= 6) recerved thBMP 2 and the cairier 1n theu sock
ets group 2 (n = 5) 1ecewved only the carner and
group 3 (n = 5) receved no grafting materals with
the :mmplants The socket walls were delicately
rrimmed with a spual type low speed (500 1pm)
engme bui for less than 5 seconds under sterile
saline cooling then debnded and cleaned with ster-
ile saline so that each implant could 1each the base
of the socket and fit ughtly A commeicially avail
able commercially pure tstanium implant bur was
used to prepare the sites for machined solid cyhin
der mplants {diameter = 0 8 mm length = 1 8 mun
rounded apices) These were placed 1 each of the
16 sockets Leeping the coronal pait appioximately
0 1 mm out of the socket The umplants showed no
side to side moiement on probimng but could be
pulled out easily by a tweezer Placement of the
implant was followed by placement of the grafung
materials (groups 1 1nd 2 only) and suturing of the
gingival mucosa The implant remaned diagonally
1n the sacket because of the diagonal anatomy of the
anterior 100t and 1ts sochet of otherwise vertical rat
maxtllary first molar teeth

The rats were provided with soft food and mom
tored every day for the first 2 weeks after the opeta
tion Momtormg was continued at tegular intervals
ovel 1 90 day petiod Rats were sacrificed by perfu
sion fixation under generil anesthesia as described
m a previous repoit ' and block biopsies were hai
vested The status of each implint was verified
using scanning election microscopy (SEM) contact
micioradiography (CMR) and cenfocal laser
mictoscopy (CLM) For examination using the
SEM biopsy specumens were chemically ueited to
remove soft tissue nd then dehydrated and gold
coited before exammnition Conventional methods
wete used to embed the block biopsies in methyl
methaciylate 1esin after fixation m 70% ethanol
nd Villinueva stuning Using a cutung ginding
technmique 250 pm thick sagiteal sections were
obtuned these wete then examined by CMR and
CLM

Regenelated bone height around the implants
and the positon of the implaints were evaluited by 1
similai proceduie 15 descuibed pieviously ' In
breif 3 vertical hmes were divwn on m umgmany



