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Potential periodontal regeneration by
application of monoclonal antibodies against
integrin-subunits a6 and 31
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Summary

Successful guided tissue regeneration (GTR) should result in a functional attachment apparatus
of the periodontium. The crucial points in the healing process are potential microbiological
colonization of mechanical barrier membranes, lacking contact to the connective tissue and apical
growth of the gingival epithelium. The membranes' success might be improved by equipping them
with antibiotics, specific inhibitors for the epithelial growth and growth factors for periodontal
ligament cells (PLC) or progenitor cells. Monoclonal antibodies (mAb) directed to integrin subunits
a6 andf1 were tested for their specificity to epithelial growth. In vitro assays were performed as
direct and indirect contact by seeding the human HaCaT-cell-line and gingival fibroblasts.
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Introduction

Inflammation of the marginal periodontiumfiber apparatus. As a consequence, deep gingival
(Parodontitis marginalis), caused by plagugockets and bone pockets develop, that prevent a
accumulation on the tooth surface and in thghysiological regeneration of the tooth supporting
adjacent soft tissue, leads to a gradual loss gpparatus. In the long run, this will mean for the
periodontal tissue (alveolar bone, root cement apghtient that the teeth in the jaw areas that are
desmodontal fiber apparatus) in case of insufficieafffected by the inflammation will loosen or even
oral hygiene. As a physiological counter-reactioget lost. In progressive periodontal therapy the
on the inflammatory processes, the proliferation aftrategy is to inhibit the deep growth of the epithelium
affected tissue cells is initiated. Along with an apicahechanically on the basis of Guided Tissue
migration and lateral extension, the cells of thRegeneration by artificial barriers. This way
gingival junctional epithelium proliferate moreperiodontal regeneration shall be improvéd
quickly than the cells of the lower-level desmodontéowever, from the histological and clinical
perspectives, this therapy alone could achieve only
partly satisfying results with clearly restricted
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which is to enable the cells of the periodontadre a cell faction which is representative for the
ligament to regenerate physiologically intended studies.

Precondition for the postperiodontal re-
epithelisation is the closed contact between cells P/faterials and methods
the gingival junctional epithelium and their
extracellular matrix (ECM). It is provided by
interactions between specific receptors on t
surface of the epithelium cells — the so calle’:"é\p

integrins and adhesive components of extraceIIuIBrMEM, adding penicillin (400 U/ml), streptomycin

matr_lces §uch as collagen, Iammm_ or flbron_ectl 50 pg/ml) and 10 % fetal calf serum at 37°C and
The integrins have extracellularly oriented epitop 5% CQ

that consist ofi- andp-subunits. Their specificity Fibroblasts-primary culture: Biopsies of human

for different Ilgands N such as the mentioned ECM ingiva are cultivated in 6-corrugated boards at 37°C
immunoglobins or the Willebrand-factor - result nd 7,5 % CGin DMEM, adding penicillin (400 U/
from the dlffgre_nt coml_Jlnatlons of suburﬁ_ﬁé. I __ml), streptomycin (50 pg/ml) and 10 % fetal calf
the cell-matrix-interactions between the iNtegring..m for 14 days. Both after 7 and 10 days, the

and the ECM are interrupted, the migration of th@ulture medium is exchanged. During the second

gingival epithelium should be prevented. ActualIyWeeK the fibroblasts grow out of the biopsies as

the first SI‘:[[Ud'eS ?f our _Iablorgto_ry (I:%r_rled_out WltI%ellular lawn. After 14 days, the pieces are remo-
organ cultures of marginal gingival DIOpSIes COUlGa y ¢om the culture, the fibroblasts are taken off

show that a blockage of the l_nteg_rln-subum& by using Trypsin/EDTA and sawed in cell culture
andB'l th_r_ough_mo_n_o_c lonal antlqule§ (m,Ab) IeaOIf)ottles for another cultivatioh The fibroblasts of

to a significant inhibition of the epithelium’s growth,[he 39to 7 passage are used in proliferation-assays
**%. However, the proven inhibition of expression’ o, \ 1+ Mousea6: CD49f (Immunotech
and growth of the human gingival epithelium throug'ﬂ/larseille F); Mouse-Anti-Humarp1: P4C101
anti-a6-, and ant@l-antibodies was not quamiﬁedaiBiomol, 1Har,nburg, G): Anti-Rat-IgG FITC-

in the past examinations. Furthermore, in the org njugated (Sigma, Deisenhofen, G); Anti-Mouse-

assay it remained unclear whether the appliq G Cy3-conjugated (Biomol, Hamburg, G)
antibodies will suppress both the migration and th Expression evidence of the integrin subumRS

proliferation of epithelium cells. Inthe present study, B1: Anti-a6-FITC-marking. 500 pl of a cell

tt}[esr;a parameters ha\t’i’ thte_z refor;a ’ b?ﬁ.n |anp(e:cg% pension (45.000 cells/ml) are given in each whole
ata human permanent keratinocyte cell iné Ha a 8-corrugated flexiperm board. 24 h later, the

(G_erman Cancer Research_ Cen'ter (DKFZ}:’eIIs are fixed with acetone/ethanol (1:1) at -20°C
Heidelberg), that exprimate the |_nte_gr|n su_bumf_ls for 10 minutes. After rinsing, blocking is effected
andp1, too. Compared to the gm_gwal eD'the“gmwith 2 % BSA in PBS for 20 minutes. Incubation
HaCaT-cells are of homologous histogenetic origin i+, primary antibody (dilution: 1:40) at 37°C for

Inh add![tlo_nt_to th'i’. tEey Sh?w '”t'V"f[LO grov¥t?45 minutes. Afterwards, the cells are three times
characteristics, whicn are close to those o }Washed with Tween 20 followed by incubation with
native epithelium cell¥. Another important aspect;hg secondary antibody (dilution: 1:128) at 37°C for

HaCaT-cell line: The HaCaT cell line is a human,
ontaneously transformed permanent keratinocyte
ell line!®, HaCaT-cells are routinely cultivated in

for assessing the possible clinical use of the testg minutes. After this, the cells are washed again

gntlbodles is their effect to the cells of the periodont. ree times with Tween 20 and incubated with 60
ligament. If the growth of even these cells wag

LI . i % glycerol in 0,1 M Tris-buffer, pH 9,3. Finally, the
inhibited, this would counteract against th ° gy P y

teriodontal phvsiological i  th ells are washed three times again and the
postperiodontal physiological regeneration of INg,,, oscance is detected in the confocal laser-scan-
periodontium, so this would cause a contra-

amicroscopy at 488 nm. Anfi1-Cy3-conjugatioi.

productive un(_jesw_ed EffECti Therefore, th_e ef'f(_a Oul of a cell suspension (45.000 cells/ml) are given
of the used antibodies especially on the prollferatloHto each whole of a 8-corrugated flexiperm board

be_havior_ of this cell type should be ex_am_ined. 4 h later the medium is sucked off. The cells are
primary fibroblasts’ culturg from human gingivawag;yed with 70 % ethanol at room temperature for
selected as model. Fibroblasts are the ma 5 minutes. After rinsing, incubation with 0,1 M

population in the desmodontal cells and are even ycine in 0,05 M Tris-HCI (pH 7,4) for 20 minutes
distributed in the desmodont because of their functi llowed by blocking with 3 % BSA in PBS for 30

— producing the collagen fiber apparatus. So, they
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minutes. Incubation with the primary antibodyResults and discussion
(dilution 1:1500) at 37°C for 45 minutes. After
washing, incubation with the secondary antibody To prove the integrin expression, the integrin
(dilution: 1:40) at 37°C for 60 minutes. Finally thesubunitsa6 andp1 were detected both on the cell
cells are washed three times with PBS and detectéte HaCaT and on the used primary culture of
in the confocal laser-scan-microscopy at 565 nmhuman  gingival fibroblasts through
Colorimetric cell proliferation test with Bromo- immunohistochemical fluorescence marks. The
2-deoxy-Uridine (BrdU-Labeling-Kitt, Boehringer, corresponding incubation with the primary
Mannheim, D): The antibodies® effect on themonoclonal antibodies anti6 and antifl
proliferation of the used HaCaT cell line is inspecterkspectively was followed by another incubation
in the BrdU-test. A 96-multi corrugated board isvith the relevant secondary antibodies which are
colonized with cells (30.000 cells/ml, 100 ul petinked with fluorescence. Both the FITC-conjugated
corrugation). After 24 and 48 hours, antibodies (anti*6 and the Cy3-conjugate@l-subunits are
a6: 5 pg/ml, antiBl: 0,56 pg/ml) are added to theapparently distributed over the entire surface of the
cells. The antibodies are used both individually ancklls. Control group cells which have been
in combination. Control groups remain free ofncubated with the secondary antibodies only, were
antibodies. 72 hours later, the effect on cehot visibly colored in fluorescence-microscopic
proliferation is inspected in the BrdU-tést8 In  reference. Contrary to the positive integrin evidence
another test series, antibodies are added to the the permanent cell line HaCaT, the same
HaCaT-cells after 24, 48 and 72 hours. After 9fhethods did not succeed in specifically proving the
hours, the effect of the antibodies is checked onexpression of the integrin subunité andp1 with
again in the BrdU-test. In addition, the antibodieghe used fibroblast primary culture from biopsies of
effect also on the proliferation behavior of thdwuman gingiva.
fibroblasts is inspected in the BrdU-test. Cells of a By blocking the integrin subunitss and31 with
subconfluent culture are taken off and suspendedonoclonal antibodies, the proliferation of the
to 3x10 cells/ml. 100 pl of the suspension are givehlaCaT-cells which represent gingival epithelium,
into each corrugation of a 96 multi corrugated boardhould be suppressed. In this process, the inhibition
48 hours later, the antibodies are added to the catisthe proliferation of the subepithelial periodontal
in the above given concentration. Negative tesligament was absolutely undesired for the purpose
remain free of antibodies. The influence omwf the intended complete postperiodontal
proliferation is measured after 72 hours in the BrdUegeneration. To find out, whether the applied
test (BrdU-incorporation 3 h, substrate reaction 2éntibodies really inhibited the proliferation of the
min.). For the positive test, cells in all test seriesells, it is necessary to catch the cells in an
are incubated with 10 % ethanol in the medium. exponential growth phase, i.e. during the S-phase
with active DNA-replication. Therefore, growth
charts where recorded from the cell cultures
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Figure 1: Growth charts of the permanent cell line HaCaT (left hand side), and of primary cultures of human gingival
fibroblasts (right hand side). Trypsinated cells from previous passages of the corresponding cultures were seeded
in a density of 17.000 c/chtHaCaT) and 25000 c/érfibroblasts) on polystyrene boards and incubated at 37°C. In
intervals of 24 hours, the cell number was counted in the hemocytometer. Results arise from n=3 independent
experiments; data + SEM.
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(HaCaT cell line and human fibroblast primaryparameters which were found out. Two different
culture) in their native status, before using them fqreriods were selected for the antibody incubation
the proliferation test. After passaging the HaCaTof the HaCaT cells - a) 48 hours and b) 72 hours.
cells the initial cell concentration is 17.000 cfcm For the control proof of the antibodies' effects on
After a lag-phase of one day, the exponential growthe fibroblasts’ culture, we limited the procedure to
phase starts for a period of more than 72 hour2 hours of incubation. The influence of the used
(Figure 1, left hand side). The initial cellmAbs on the mitotic activity of the cells was
concentration of the gingival fibroblasts after seedingscertained in the BrdU-test. In a first dose-
is 25.000 c/crh Similar to the HaCaT-cells, theresponse-screening with HaCaT-cells, antibody
logarithmic growth phase starts after 24 hours abncentrations of 5 pg/ml for ardié and 0,56 pg/
the latest and ends after about 48 hours (Figurert| for antif31 proved to be effective amounts. In
right hand side). But even after 72 hours ofomparison to the untreated cells (negative con-
incubation, a subconfluent monolayer can still b&ol), the proliferation of the cells was inhibited
recognized in the microscopic picture, where thsignificantly by using both individually and commonly
majority of cells is not yet inhibited by contacts fromapplied antibodies (Figure. 2). Besides the used
cell to cell.  The conditions for the proliferationconcentration, the incubation time is decisive for
tests were derived on the basis of the growthe extend of inhibition. Compared to the 48 hours
of incubation (Figure 2, top) the proliferation rates
of the cells with 72 hours of incubation were still

.. | antibody incubation: 48h reduced by half (Figure 2, bottom). In contrary to
this, the antibodies did not show any inhibiting effect
o on the proliferation of the fibroblasts‘ primary
s 03 culture, even after 72 hours of incubation. (Figure
g ., e 3). Applying mAb a_gain_st the integrin subyaﬁ _
£ e [0 even resulted in a slight increase of the proliferation.
o ~ i i i
=2 o1y g Integrins are cellular adhesion molecules, which
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Figure 2: Effects of antie6- and antiBl-antibodies on Figure 3: Effects of antiea6- and antiB1-antibodies on
the proliferation of the human permanent cell line HaCathe proliferation of human gingiva fibroblasts. Log-
Log-phase-cells were incubated for 48 h (top) and 72ghase-cells were incubated for 72 h with and without the
(bottom) with and without the mentioned mAbs or withmentioned mAbs or with 10 % (v/v) ethanol (positive
10 % (v/v) ethanol (positive control). Consequently, theontrol). Consequently, the mitotic activities of the cells
mitotic activities of the cells were ascertained by usingere ascertained by using the BrdU-test in ELIZA at
the BrdU-test in ELIZA atA=450 nm. Statistical A=450 nm. Statistical evaluation: the data originate from
evaluation: the data originate from n=48 independent48 independent measurements; data + SEM; (***):
measurements; data + SEM; (***): p<0,001 compared tp<0,001 and (**): p<0,01 compared to the negative con-
the negative control (ANOVA for paired samples). trol (ANOVA for paired samples).
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control different processes in and on the cells, on Besiedlung von ePTFE-Membranen. Dtsch Zahnérzl
molecular leveF’. In epithelial cells these are in ~ £1992;47:401-403

particular growth processes during the woun8 Page RC P_eriodontal therapy: Prospects for the
healing period$®® Earlier investigations could _ future.JPeriodontol 1993; 64: 744-753

show, that in humans integrins are exprimated in dff Mariotti A, Cochran DL . Charactarization of
s 24 - - fibroblasts derived from human periodontal ligament
epithelial cells®**. In the gingival epithelium,

. ) . . and gingiva. J Periodontol 1990; 61: 103-111
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