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EpithelialceUbehavior in chronic inflammation is
poorly characterized. During inflammation of
tooth-supporting structures (periodontal dis-
ease), increased proliferation of epithelial ceUs
into the inflamed connective tissue stroma is com-
monly seen. In some areas ulceration and degen-
eration take place. We studied alterations in the
expression of adhesion molecules and integrins
during chronic periodontal inflammation. In in-
flamed tissue, laminin-I andtypeIVcoUagen were
stiU present in the basement membrane and sur-
rounding blood vessels, but they were alsofound
extravascularly in inflamed connective tissue
stroma. Type VII coUagen and laminin-5 (also
known as kalinin, epiligrin, or nicein) were
poorly preserved in the basement membrane
zone, but both werefound in unusual streak-like
distributions in the subepithelial connective tis-
sue stroma in inflamed tissue. Both fibronectin
and tenascin were substantialy decreased in
chronicaly inflamed connective tissue, showing
onlypunctate staining at the basement memnbrane
zone. Integrins ofthe f31 family showed two dis-
tinct staining patterns in epithelial ceUs during
chronic inflammatiowfocal losses of 01 integrins
(ci2 1 and ac3g31) werefound in most areas, while
in other areas the entire pocket epithelium was
found to be strongly positivefor 01 integrins. No
members ofthe arv integrinfamily werefound in
any epithelia studied. Expression ofthe a6f34 in-
tegrin was high in basalceUs ofhealthy tissue, but

weak in epithelium associated with chronic in-
flammation. Chronic inflammation therefore in-
volves alterations in both adhesion proteins and
integrins expressed by epithelial ceUs. Basement
membrane componentsfound at abnormal sites in
stroma in chronic injiammation might serve as new
adhesive ligandsfor various cell types in infZamed
stroma (AmJ Pathol 1995, 147:193-206)

During the pathogenesis of periodontal disease, the
junctional epithelium between the tooth surface and
gingival connective tissue moves apically and be-
comes transformed into periodontal pocket epithe-
lium.' These epithelial cells proliferate and form epi-
thelial ridges in inflamed connective tissue. As a
result, the relative volume of gingival tissue occupied
by epithelial cells increases compared to healthy tis-
sue. This dynamic process of epithelial cell move-
ment involves adhesion to and migration along an ex-
tracellular connective tissue matrix that is altered due
to chronic inflammation. Basement membrane also
shows alterations, with discontinuities and other mor-
phological changes in chronic inflammation.2- The
adhesion and migration mechanisms of epithelial
cells in chronically inflamed tissues are, so far,
poorly characterized. It is likely, however, that the ex-
pression of specific cell surface adhesion receptors
is altered as a result of changing functional demands
and the effects of bioactive substances present in
inflammation.7

Irntegrins are cell surface glycoproteins that func-
tion as cell-to-cell and cell-to-extracellular matrix ad-
hesion receptors (for reviews, see refs. 8 to 10).
Through binding to matrix proteins integrins mediate
information transfer from the extracellular milieau to
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the cytoplasm and nucleus, leading to alterations in
cell functions and ultimately in cell behavior.11'12 In-
tegrins are composed of a larger a subunit and a
smaller a subunit. The a subunit provides information
for ligand binding, and the ,B subunit provides a link
to the cytoskeleton. Integrins of epithelial cells me-

diate cell adhesion to different types of collagens,
laminins, and fibronectins.13,14 Epithelial cell (keratin-
ocyte) integrins also appear to mediate cell-to-cell in-
teractions.15 In vivo, integrins are expressed by basal
keratinocytes but are absent from differentiating up-

per cell layers.16-20 Loss of functional integrins from
the cell surface precedes epithelial differentiation.21
These findings suggest that integrins have an impor-
tant role in keratinocyte proliferation and differentia-
tion. The following integrins and their ligands have
been reported in cultured keratinocytes of skin
and oral mucosa: a5/31 (fibronectin),22'23 a2/1 (col-
lagens),2324 and a3/31 (fibronectin, collagen, and
laminin-5).24 27 In addition, the a6/34 integrin is a

structural component of hemidesmosomes,28-31 and
it is believed to bind a recently discovered laminin
isomer, laminin-5.26'32 Cultured keratinocytes also
express avp5, which mediates cell adhesion to
vitronectin.2433 Keratinocytes in vivo, however, do not
express a5/31 and express only low amounts of av-

integrins. The expression of these receptors is found
to be induced in keratinocytes during acute inflam-
mation such as wound healing.34 36

In the present paper, we demonstrate alterations in
the expression of /1 and /34 integrins and basement
membrane zone proteins in chronic periodontal in-
flammation.

Materials and Methods

Materials

Chronically inflamed periodontal tissue specimens
were obtained from 22 subjects during extraction of
periodontally involved teeth with a clinically hopeless
prognosis. Specimens were rinsed in physiological
saline, placed on a cork disk in a defined orientation,
embedded in Tissue-Tek (Miles Inc., Elkhart, IN), and
immediately frozen in liquid nitrogen. Samples were

stored at -700C until used. Specimens were sec-
tioned (6 pm) in a cryostat. Adjacent sections corre-

sponding to those used for immunohistological stud-
ies were stained with hematoxylin and eosin for
histopathological and morphological analyses. Go-
mori's periodic acid methenamine silver method37
was used to histochemically stain the basement
membrane zone.

Immunohistochemical Studies

Frozen sections (6 pm) were fixed with -200C acetone
for 5 minutes and stored at -70°C until used. Immu-
nolocalization of integrins was performed as de-
scribed previously.34 Briefly, sections were incubated
with primary antibodies diluted in phosphate buffered
saline (PBS) containing 1 mg/ml bovine serum albu-
min (BSA) for 60 minutes, after which sections were
rinsed four times in 60 minutes with the PBS/BSA so-
lution. After rinsing, sections were incubated with
affinity-purified rhodamine-conjugated secondary
antibodies (dilution 1:50; Boehringer-Mannheim Bio-
chemicals, Indianapolis, IN) for 60 minutes. Sections
were rinsed and mounted using cyanoacrylate ad-
hesive (Chemoco). Samples were examined using a
Zeiss Axioskop 20 fluorescence microscope, and
photographed using an MC 80 Zeiss microscope
camera. Antibodies against the following integrin
subunits and their ligands were used (sources for an-
tibodies are given in Table 1; see refs. 38 to 47): a2,
a3, a5, a6, aV, /1, /4, /5, /6, fibronectin, type IV and
VII collagens, tenascin, laminin-1, and laminin-5 (kali-
nin, epiligrin). Control stainings were performed omit-
ting the primary antibody or with nonimmune mouse
serum. No specific staining was obtained with either
of these control staining procedures (not shown).

Results
Microscopic Morphology of Inflamed
Periodontal Tissue

Chronically inflamed tissue sections were obtained
from patients suffering from advanced adult peri-

Table 1. Antibodies Used to Recognize Different
Integrins and their Ligands in this Study

Integrin/Ligand Antibody Reference/Source

a2 Mab 117 AMAC, Inc.
(Westbrook, ME)

a3 Mab J143 38
a5 Mab BIIG2 39
a6 MAb GoH3 40
av Mab P3G8 41
31 Antiserum, 3847 42
34 Mab 345-11A 43
35 Mab P1F6 44
36 Mab E7P6 44
Type IV collagen Mab 68-124-1 ICN Biomedicals

(Costa Mesa, CA)
Type VII collagen Mab 1345 Chemicon

(Temecula, CA)
Laminin-1 Serum 45
Laminin-5 (Kalinin) MAb GB3 46
Fibronectin antiserum 47
Tenascin Mab 1927 Chemicon
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odontal disease. Specimens containing both rela-
tively healthy and chronically inflamed tissue were in-
vestigated. Comparisons were always made between

these two areas (Figure 1, A and B) in the same sec-
tion. Using hematoxylin and eosin staining, a heavy
infiltrate of inflammatory cells was seen in close prox-
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Figure 1. Hematoxylin anid eosin staining of healthy (A) and chronically inflamed (B) periodontium. Gomoris periodic acid methenaminte silver
staining of basement membrane zone in normal (C) and inflamed periodontal tissue (D). Arrows indicate locationz of basement membrane (C
and D). OE, oral epitheliunm; CT connective tissue; Ph, periodontal epithelium in chronic inflammation; IC7, inflamed connective tissne. Bar 50
,um, A, B; 100 m C, D.
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imity to the epithelium of inflamed area. Cellular in-
filtrates were mainly composed of chronic inflamma-
tory cells, ie, lymphocytes and plasma cells (Figure
1 B). In chronically inflamed sites, nonkeratinized epi-
thelium varied in thickness from several cell layers to
long epithelial extensions into the inflamed connec-
tive tissue.
We then used Gomori's periodic acid methenamine

silver method37 to examine the basement membrane
underlining the epithelium. This staining visualizes al-
dehydes generated by periodate treatment, and it
can be used to evaluate the integrity of basement
membrane in tissue sections. In relatively healthy ar-
eas of oral epithelium, basement membrane staining
was continuous, separating the oral epithelium from
the underlying stroma (Figure 1C). In contrast, in in-
flamed periodontal tissues only faint, discontinuous
staining was observed (Figure 1 D).

Localization of Laminin- 1 and Type IV
Collagen

We then examined the putative adhesion mol-
ecules for epithelial cells, laminin-1 (classical lami-
nin) and type IV collagen using immunolocalization
techniques. In healthy oral epithelium, both
laminin-1 and type IV collagen were found in epi-
thelial and vascular basement membranes (Figure
2, A and B). In chronically inflamed tissue, both
laminin-1 and type IV collagen were still present at
the epithelial basement membrane zone, although
in somewhat reduced amounts (Figure 2). Numer-
ous blood vessels surrounded by laminin-1 and
type IV collagen were present in the inflamed con-
nective tissue (Figure 2, C and D). In addition,
anomalous localization of punctate extravascular
laminin and to a lesser extent type IV collagen was

Figure 2. Immunolocalization of laminin-1 (A and C) and type IV collagen (B and D) in healthy (A and B) and in chronically inflamed peri-
odontal tissue (C and D), respectively. OE, oral epithelium; CT connective tissue; PE, periodontal epithelium in chronic inflammation; ICT; in-
flamed connective tissue. Bar 200 14m, A; 100 yim, B to D.
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Figure 3. Distinct patterns of extravascular (arrows) laminin-1 (A to C) and type IV collagen (D) in inflamed periodontal tissue. Arrowheads in-
dicate laminin-1 and type IV collagen associated with vascular basement membrane.

found to be present in the inflamed connective tis-
sue stroma. Visually, the total amount of basement
membrane components therefore often appeared
to be increased in the inflamed area due to the
deposition of new vascular and extravascular
basement membrane material. Using higher mag-

nification, we were able to demonstrate several dif-
ferent patterns of extravascular laminin-1 accumu-

lation (Figure 3, A to C). Clearly, laminin-1 was often
present surrounding blood vessels (Figure 3A), but
it was also found in punctate (Figure 3B) and
streak-like (Figure 3C) distributions. Type IV col-
lagen was also present in the stroma in a punctate
pattern (Figure 3D). Staining appeared to be spe-

cific, because only faint diffuse background stain-
ing was obtained with control antibodies (mouse
nonimmune IgG or rabbit serum), or by omitting the
first antibody (conjugate only) (not shown).

Localization of Components of Epithelial
Anchoring System

Epithelium is anchored to the underlying connective
tissue via hemidesmosome structures in which an-
choring filaments and anchoring fibers composed of
laminin-5 and type VI collagen, respectively, serve as
linking elements.32'48 Since the a6,34 integrin is be-
lieved to use some of these proteins as adhesive Ii-
gands, we compared their distributions in healthy and
chronically inflamed tissues. Based on immunolocal-
ization, type VI collagen was relatively well preserved
at the basement membrane zone in chronic inflam-
mation (Figure 4). With higher magnification there
was, however, a visible reduction of the intensity of
staining in areas of chronic inflammation (compare
Figure 5, C and D). In 5 out of 11 of the samples, type
VII collagen was also found in unusual streak-like
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Figure 4. Immunostaining of type VII collagen associated with oral
epithelium (OE) and with periodontal epithelium in chronic inflam-
mation (PE).

distributions in the subepithelial connective tissue
stroma of inflamed tissue (compare Figure 5B with
Figures 5D and 9F). In 8 out of 11 samples the in-
tensity of laminin-5 staining was generally reduced at
the basement membrane zone in chronic inflamma-
tion, but in three samples it seemed to be relatively
well preserved (Figure 5, E and F). In 4 out of 11
samples laminin-5 was found in similar streak-like pat-
terns as type VII collagen in the connective tissue
stroma of inflamed tissue (see Figure 9, E and F).

Localization of Fibronectin and Tenascin

Fibronectin and tenascin are also putative ligands for
epithelial cell adhesion receptors. Fibronectin was

present throughout the connective tissue adjacent to

healthy oral epithelium, but it was clearly diminished
in inflamed stroma (Figure 6, A and B). A fragmented
and punctate staining pattern of fibronectin sur-

rounded the inflammatory infiltrate. Tenascin was en-
riched in the subepithelial zone of healthy oral epi-
thelium (Figure 6C). In chronically inflamed tissue,
tenascin was almost completely absent (Figure 6D),
and positive staining for tenascin was only seen at the
basement membrane zone.

Distribution of ( 1 and a6134 Integrins in
Epithelial Cells

Staining for (31 integrins was found around the pe-
riphery of basal keratinocytes of healthy oral epithe-
lium (Figure 7A) as we have reported earlier.34 In
chronic inflammation, two distinct patterns were seen.
Most often, a focal loss of epithelial 13 integrins was
seen in inflamed areas (Figure 7D). Most of the
samples, however, also included areas where the full
thickness of epithelium (Figure 7G) or the extending
tip of it (Figure 7H) was found to be positive for (31
integrins. In both cases, cells in the inflamed stroma
showed bright staining for 13 integrins (see Figure
7H). Immunolocalization of a2p13 and a3p13 integrins
by specific antibodies confirmed the variable staining
pattern of 13 integrins observed with ,13 specific an-
tibodies (Figure 8). Epithelial cells showed a loss of
integrin expression in some areas of the section, while
upregulation was observed in others. During inflam-
matory stimulation, the staining pattern also changed
from localization around basal cells to a pattern en-
compassing cells in all cell layers (Figure 8, G to 1).
The transition from a nearly normal staining pattern to
that of strongly induced expression was often remark-
ably abrupt sharp (e.g., see Figure 8G). A continuous
staining pattern was observed for a6 and 14 integrins
at the basal aspect of basal keratinocytes in nonin-
flamed areas (Figure 7, B and C). Focal losses of both
a6 and 14 integrin subunits were common in epithelial
cells at inflamed sites (Figure 7, E and F). Double
staining for ,13 integrins and type VIl collagen per-
mitted better visualization of the alterations, since the
loss of integrin staining sometimes made it difficult to
distinguish epithelial cells from other cells in the
stroma (Figure 7, H and 1). It was noted that in areas
of relatively high ,13 integrin expression in epithe-
lium, also type VII collagen often became localized
in streaks in the subepithelial connective tissue
(Figure 7, H and 1). This view was supported by
findings from serial parallel sections that were
stained for ,13, a6, 14, type IV collagen, kalinin
(laminin-5), and type VII collagen (Figure 9, A to F).
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Figure 5. Immunolocalization of type VII collagen (A to D) and laminin-5 (E and F) in healthy oral mucosa (A, C, E) and in chronically in-
flamed periodontal tissue (B, D, F). OE, oral epithelium; CT connective tissue; PE, periodontal epithelium in chronic inflammation; ICT, inflamed
connective tissue. Bar 100 j4m, A, B, E, F; bar 30 ,um, C, D.
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Figure 6. Immunolocalization offibronectin (A, B) and tenascin (C, D) in healthy oral mucosa (A, C) and in chronically inflamedperiodontium
(B, D). Note the reduction in intensity ofstainingfor each molecule in inflamed subepithelial connective tissue. OE, oral epithelium, C7T connective
tissue; PE, periodontal epithelium in chronic inflammation; ICT, inflamed connective tissue. Bar 100 jm, allfigures.

In areas that showed streak-like distributions of
type IV and VII collagen and laminin-5, all cell lay-
ers of epithelium were strongly positive for l31 in-
tegrins. In addition, staining for both a6 and P4
integrins was relatively intense.
Members of the av-integrin family were not de-

tected in epithelia of healthy or inflamed tissue. At-
tempted immunolocalization with specific antibodies
recognizing avf5 and av136 integrins gave negative
results in all samples (data not shown).

Discussion

Epithelial cell adhesion, migration and proliferation
have been studied in acute inflammatory conditions
such as wound healing (reviewed in ref. 49). However,
epithelial cell behavior in chronic inflammatory con-
ditions is much less characterized. Periodontal dis-
ease is characterized by chronic inflammation and
slowly progressive tissue loss and provides, there-
fore, an interesting model to study epithelial cell
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Figure 7. Immunolocalization ofj31-integrin (A, D, G), a6-integrin (B, E), (34-integrin (C, F) in healthy oral epithelium (A to C) and in chroni-
cally inflamedperiodontal tissue (D to G). Double-immunostaining of(31-integrin (H) and type VII-collagen (I) in inflamedperiodontal tissue. OE,
oral epithelium; CT, connective tissue; PE, periodontal epithelium in chronic inflammation; ICT, inflamed connective tissue. Bar 30 jm, A, C, D, F,
G; bar 100 jm, B, E, H, 1.

behavior during chronic inflammation. The epithelium
undergoes alterations that lead to ulceration, degen-
eration, and also increased proliferation and forma-
tion of epithelial rete ridges into inflamed connective
tissue stroma. Our study demonstrates that major al-
terations take place in the expression of epithelial ad-
hesion molecules and their receptors in the chronic
inflammation of periodontal disease.

General structural alterations of the basement
membrane zone in inflammatory periodontal lesions
have been previously well characterized. Several
studies describe a diffuse appearance,2 localized
discontinuities,3 or degradation4'5 of the basement
membrane facing inflamed connective tissue. Our
study showed major alterations of individual adhesion
molecules at the basement membrane zone. Despite
extensive loss of subepithelial collagen, most of the
matrix components associated with the basement
membrane zone were partially retained in chronic in-

flammation. Generally, all components of the base-
ment membrane zone including type IV collagen and
laminin demonstrated reduced staining intensity
compared with normal noninflamed tissue. These
proteins were, however, better preserved than stromal
proteins fibronectin and tenascin, quantities of which
were found to be markedly reduced in inflamed areas.
In vitro experiments have shown that all of the above-
mentioned proteins are readily cleaved by matrix met-
alloproteinases,50 which are present in high amounts
in inflamed tissues.51 Fragments of fibronectin have
been demonstrated directly in fluids collected from
sites of chronic inflammation.52 54 Our results sug-
gest, however, that proteins of the basement mem-
brane may be woven into a meshwork in which protein
epitopes persist although proteins are partially de-
graded. Focal loss of type IV collagen, laminin-1 and
laminin-5 was observed in some samples, similar to
data obtained in a previous study of type IV collagen
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Figure 8. Immunolocalization of (31 (A, D, G), a3 (B, E, H) and a2 (C, F, I) integrins in healthy oral epithelium (A to C), and in periodontal
epithelium in chronic inflammation (D to 1). In inflammation, some areas ofperiodontal epithelium show focal loss of these integrins (D to F),
whereas in others the full thickness of inflamed perodontal epithelium is strongly positive for P1, a3, and a2 integrins (G to 1). Arrows mark
epithelial-connective tissue boundary (dashed black line, G). Arrowheads (G) mark (31 staining that is comparable to normal oral epithelium, and
dashed white line indicates area of epithelium that demonstrates a loss of(1 staining. OE, oral epithelium; CT, connective tissue; PE, periodontal
epithelium in chronic inflammation; ICT, inflamed connective tissue. Bar 100 im.

immunolocalization in inflamed periodontal tissue.6 In
many specimens, however, type VII collagen and to
a lesser extent laminin-5 were found in unusual loca-
tions in inflamed stroma. It is believed that type VII
collagen is synthesized by keratinocytes, although
stimulus from fibroblasts seems to be needed for op-
timal synthesis.55'56 It is also possible, however, that
fibroblasts in chronic inflammation could contribute to
collagen VII accumulation, since TGF-,B is able to in-
duce type VIl collagen expression in fibroblasts.57

Chronic lesions of periodontal disease contain
large numbers of newly formed capillaries sur-
rounded by basement membrane, as demonstrated
in our samples stained with antibodies against
laminin-1 and type IV collagen. These basement
membrane components associated with new vessels
were not found to be degraded at sites of inflamma-
tion. In fact, significant amounts of extravascular
laminin-1 and to a lesser extent type IV collagen were
found in the inflammatory sites. This atypical lo-

calization seems to be rather specific to chronic
inflammation of periodontal disease and is not
found during acute inflammation of wound heal-
ing34 or during chronic inflammation of rheumatoid
arthritis,58 where type IV collagen and laminin are
found exclusively in the basement membrane area.
Electron microscopic studies have earlier demon-
strated the presence of extra layers of basement
membrane-like material surrounding the capillar-
ies of inflamed gingival lesions.59 It is not known
which cells deposit this material, but sprouting
endothelial cells are candidates for this activity. In
addition granulation tissue fibroblasts may be re-
sponsible, because they have been found to syn-
thesize basement membrane components in
vivo.60 Our findings point to the conclusion that
during chronic periodontal inflammation, the base-
ment membrane zone proteins type VIl collagen
and laminin partly replace the connective tissue
stroma. These proteins may then serve as adhesive
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Figure 9. Immunolocalization of 631 (A), a6 (B), f34 (C), type IV(D), laminin55(E), and type VII (F) in parallel serial sections of chronically
inflamed periodontal tissue. Note the strong expression of(31 integrin (A) in epithelium and also the streak-like appearance of laminin-5 and type
VII collagen (E, F) in connective tissue. PE, periodontal epithelium in chronic inflammation; ICT, inflamed connective tissue. Bar 100 jim.

ligands for epithelial cells, granulation tissue fibro-
blasts and inflammatory cells.
We have shown earlier that ,B1 integrins localize

mainly at lateral borders of basal cells in normal mu-
cosa and skin16'19'34 and that these integrins could
mediate cell-cell adhesion of keratinocytes. 15'61 The
hemidesmosomal integrin a6P34 is exclusively local-
ized at the basal aspect of basal cells in normal epi-
thelia. Both of these integrin types are found in an
altered distribution surrounding suprabasal cells dur-
ing wound healing34'62 and in psoriatic epider-
mis.62'63 In the present study, focal loss of integrins
was a common finding in epithelium of chronically
inflamed periodontal lesions. This loss may result
from specific downregulation of integrin expression,
since the cells in the same area seemed to deposit
normal amounts of basement membrane compo-
nents. There were, however, also areas in which the
expression of both a2p13 and a3f31 integrins ap-
peared to be paradoxically markedly upregulated. In-
tegrin expression is clearly upregulated during
wound healing.34 3664 Stimulated expression of ,31
integrins by keratinocytes has been found in many
inflammatory dermal lesions such as psoriasis,63 li-
chen,6566 and cutaneous lymphoma.66 In contrast,
integrin expression has been reported to be relatively
unchanged in dystrophic or systemic diseases such
as epidermolysis bullosa67 and systemic sclerosis.68
Periodontal lesions are known to contain areas with

variable disease involvement as judged by varying
gingival surface topography and tissue histology.69
Cytokines are known to exert potent cell-specific ef-
fects on integrin expression.7>72 It is therefore likely
that integrin expression is regulated locally in pocket
epithelial cells by combinations of inflammatory cy-
tokines.

In summary, periodontal inflammation involves al-
terations in both cell adhesion ligands and receptors.
Basement membrane zone components are found in
an extravascular stromal location providing a new ad-
hesive environment for epithelial, endothelial, and
granulation tissue fibroblasts as well as inflammatory
cells. Expression of integrins in inflamed tissue is vari-
able, but the major feature is loss of integrins from the
epithelial cell surface.
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