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OBJECTIVE: Gingival epithelium plays a key role in the

protection of oral tissues from microbial challenge,

especially during the periodontal disease. This study was

aimed to evaluate levels of mRNA transcripts of differ-

ent forms of transglutaminase in the human gingival

tissues from patients with chronic periodontitis and

relative controls.

SUBJECTS AND METHODS: This study included 22

patients with chronic periodontitis (CP) and 22 healthy

controls. For each patient, the values of probing depth

(PD), clinical attachment level (CAL), and bleeding on

probing (BOP) were recorded. Gene expression of

transglutaminase 1, transglutaminase 2, transglutamin-

ase 3, and metalloprotease 2 was evaluated by real-time

PCR, while that of Factor XIIIA and metalloprotease

9 by RT-PCR.

RESULTS: The values of all the clinical parameters

were significantly higher in the CP group than in the

healthy control group (P < 0.05). In the CP group, the

mRNA expression of transglutaminase 1 and transgluta-

minase 3 was significantly decreased in comparison with

healthy control group. A slight nonsignificant changes of

transglutaminase 2 gene expression were observed in

samples from CP patients in comparison with controls.

CONCLUSIONS: These observations suggest that

transglutaminase gene expression may be modified in

response to chronic injury in the damaged gingival and

emphasizes the key role of these enzymes in gingival

remodelling/healing and adaptive processes.
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Introduction

The pathogenesis of periodontal disease (PD) is an inflam-
matory process involving innate and adaptive immune
responses. PD is characterized by the host-mediated
destruction of soft tissue caused by the induced production
and activation of lytic enzymes and stimulated osteoclasto-
genesis (Graves and Cochran, 2003; D’Aiuto et al, 2004).

During the onset of periodontal diseases, pathogenic oral
bacteria interact with cells in periodontal tissue and initiate
inflammatory reactions that lead to periodontal destruction.
The first targets of the bacteria accumulating in the gingi-
val sulcus are the sulcular and junctional epithelial cells.
Epithelial cells respond to the attack by altered cell signal-
ing, leading to changes in cell behavior, such as cytokine
and protease production, cell proliferation, and migration
(Pollanen et al, 2003; Bascones et al, 2005; Mans et al,
2006). The oral mucosa is a protective interface between
the external and internal environment, playing the critical
role of acting as a barrier to a myriad of microbial species
(Sahasrabudhe et al, 2000; Dale and Fredericks, 2005).
Moreover, oral mucosal epithelial cells (i.e., oral keratino-
cytes) actively participate in immune response and inflam-
mation through the secretion of a variety of cytokines,
chemokines, growth factors, and neuropeptides, which are
all involved in periodontal pathogenesis (Hedges et al,
1995; Sfakianakis et al, 2002). There are a number of fac-
tors promoting leukocyte recruitment, such as bacterial
metabolites, cytokines, metalloproteases, growth factors,
chemokines, lipid mediators, and other enzymes (Graves
and Cochran, 2003; Matarese et al, 2006, 2012, 2013).

Transglutaminases (TGs) are different calcium-dependent
enzymes that catalyze an acyl transfer reaction between the
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c-carboxamide group of protein-bound glutamine and the
e-amino group of lysine residues. The first biological role
for TGs was discovered in blood coagulation protein Factor
XIII (FXIIIa) (Siebenlist et al, 2001). However, the well-
characterized isoform is tissue type TG (TG2) that is ubiqui-
tously distributed and involved in cell growth/differentiation
mechanisms (Mehta et al, 2010; Kuo et al, 2011) and apop-
tosis (Ientile et al, 2007; Ruan and Johnson, 2007).
Transglutaminases (TGs) also contribute to the determi-

nation of cell shape by cross-linking of proteins involved in
cell adhesion (Nadalutti et al, 2011) and stabilization of
extracellular matrices (Aeschlimann et al, 1995; Belkin,
2011). In particular, the keratinizing epithelia, such as the
epidermis and oral gingiva, that have to withstand severe
physical and chemical forces produce a toughened structure,
the cornified cell envelope, which is a major component of
the epithelial barrier at the tissue surface (Kalinin et al,
2001).
In this particular microenvironment, TG1 is primarily

expressed in stratified squamous epithelia (Yamada et al,
1997), in which the ordered expression of specialized
genes is associated with proliferation and terminal differ-
entiation of keratinocytes (Zhang et al, 2009). TG1 is also
involved in cell envelope formation by cross-linking of
precursor proteins, such as loricrin and involucrin (Steinert
and Marekov, 1997; Egberts et al, 2004).
However, TG3 has also been suggested to play an impor-

tant role in epidermal keratinization and cornified envelope
formation (Candi et al, 2005). Indeed, TG3 as soluble
enzyme is expressed predominantly in differentiating kerati-
nocytes, corneocytes, and hair follicles (Hitomi et al, 2001),
and it is also found extracellularly (Sardy et al, 2002).
Several findings indicate that TG2 and TG1 are present

in different stratified squamous epithelial and non-epithe-
lial cells depending on tissues and their properties (Candi
et al, 2005).
Following periodontal disease, the inflammatory process

influences not only cell proliferation, but also cell migra-
tion over the tooth and altered connective tissue substra-
tum (Graves, 2008). The active movement of epithelial
cells is associated with a limited proteolysis of the matrix
molecules by metalloproteases (MMPs) (Lund et al, 1999;
Mohan et al, 2002) that makes cell migration easier.
A better knowledge of epithelial tissue role in periodontal

disease may be provided by the simultaneous assessment of
the quantitative and qualitative changes of gene expression
in the oral gingival epithelium keratinocytes. Given the key
role played by TGs in the maintenance of oral tissue integ-
rity and stability, the aim of this study was to investigate
the expression of different TGs in diseased and healthy
periodontal tissues to understand whether changes in TG
levels may be involved in disease progression.

Materials and methods

Patients
Eighty-seven patients were initially enrolled in this
prospective clinical study performed between October 2011
and November 2012, in the Department of Specialized
Surgery at University of Messina, Italy. Subjects presenting
severe (probing pocket depths greater than 6 mm and

marginal alveolar bone loss > 30%), generalized (at least
50% of teeth affected) periodontitis were invited to partici-
pate in the study. The inclusion criteria were as follows: (i)
being aged more than 18 years and in good general health
(excluding the case definition) and (ii) having more than 18
erupted teeth. The exclusion criteria were as follows: (i)
known systemic or autoimmune diseases, (ii) history and/or
presence of other infections, (iii) systemic antibiotic treat-
ment in the preceding 3 months, (iv) treatment with any
medication, (v) pregnant or lactating females, (vi) smoking
history, or (vii) the presence of an oral mucosal inflamma-
tory condition. All patients gave written informed consent;
the ethical approval was obtained by the committee of the
University of Messina and for the experimental procedures
applied in humans, in accordance with the provisions of the
World Medical Association’s Declaration of Helsinki of
1975, as revised in 2000. Forty-three patients were
excluded as they were not in line with the selection criteria
of the study. So, the final number of the sample analyzed in
the study was reduced to a total of 44 patients.

A baseline visit was conducted by a blind calibrated
examiner who collected a complete medical history, stan-
dard clinical periodontal parameters (Baker, 1995). The
clinical parameters recorded, including probing pocket
depth (PPD), clinical attachment level (CAL), and the
presence of bleeding on probing (BOP), were measured at
six surfaces of all teeth (midbuccally, midlingually and
proximally both buccally and lingually) to the nearest
mm, using a manual periodontal probe (PCP UNC 15;
Hu-Friedy, Chicago, IL, USA). Subjects in the chronic
periodontitis group had > 30% of sites with BOP, > 20%
of sites with probing pocket depth (PPD) > 4 mm, > 10%
of sites with interproximal clinical attachment level (CAL)
> 2 mm. The healthy controls had < 10% sites with BOP,
< 1% of sites with PPD > 4 mm, no sites with PPD
> 5 mm, < 1% of sites with CAL > 2 mm, and no radio-
graphic bone loss (Endoral X-rays).

Collection of gingival specimens
The collection of gingival tissue samples was carried out
during routine erupted third molar extractions, advanced
caries, and orthodontic indications for the healthy control
group (n = 22). For the chronic periodontitis (CP)
(n = 22) group, surgeries were carried out from the site
with severe periodontal destruction and inflammation dur-
ing extraction of teeth affected by CP. One tissue biopsy,
removed from one periodontal site, was obtained from
each patient. All surgical procedures were performed by
one surgeon (GI). The gingival specimens dissected were
in close contact with the surface of the tooth extracted
and were comprised by the whole gingiva tissue above
the level of the alveolar bone crest, therefore including
the oral gingival epithelium, the junctional/pocket epithe-
lium, and the supracrestal part of the gingival connective
tissue.

Histological analysis
Gingival specimens obtained from patients and healthy sub-
jects were fixed with 10% neutral buffered formalin for
24 h. The sagittal sections (5 lm thick) were made from the
specimens and stained with hematoxylin and eosin.
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Gene expression analysis
After sampling, gingival tissues of 2 9 2 mm in size were
immersed in 500 ll of RNA stabilization reagent (RNA
later; Life Technologies, Milan, Italy), kept overnight at
4°C, and stored at �80°C until RNA was isolated. Total
RNA was isolated using TRIzol reagent (Life Technolo-
gies), and two micrograms of total RNA were reverse
transcribed with High-Capacity cDNA Archive kit (Life
Technologies). Then, TGM1, TGM2, TGM3 as well as
MMP-2 mRNA levels were analyzed by real-time PCR
using TaqMan gene expression assays (Life Technolo-
gies). b-actin was used as endogenous control. Quantita-
tive PCR reactions were set up in duplicate in a 96-well
plate and were carried out in 20 ll reactions volumes
containing 19 Gene Expression Mastermix, 19 TaqMan-
specific assay, and 25 ng RNA converted into cDNA.
Real-time PCR was performed in a 7900HT Fast Real-
Time PCR System under standard thermocycling profile.
Data were analyzed using the 2�DDCT relative quantifica-
tion method, and values are presented as fold change
relative to the control group.
The expression of FXIIIA and MMP-9 was analyzed by

reverse transcription-PCR (RT-PCR). Amplification of
cDNAs was performed in a 50 ll final volume, containing
19 PCR Buffer, 1 U of Taq DNA polymerase, 2.1 mM
MgCl2, 0.2 mM of dNTPs, and 200 nM of specific primers.
Primer sequences were the following: 5′-TCAATGACATC
AAGACCAGAAG-3′ (sense) and 5′-GACACC AGCAAA
AACCCAG-3′ (antisense) for FXIIIA; 5′-CATCTTCCAA
GGCCAATCCTACTCC-3′ (sense) and 5′- ATGCCATTC
ACGTCGTCCTTATGC-3′ (antisense) for MMP-9; 5′-AT
CTGGCACCACACCTTCTACAATGAGCTGCG-3′ (sense)
and 5′-CGTCATACTCCTGCTTGC TGATCCACATCT-3′
(antisense) for b-actin, used as endogenous control. PCR
reactions were carried out in a Hybaid Sprint Thermal
Cycler, with the following cycle condition: an initial dena-
turation step at 94°C for 3 min, followed by 35 cycles of
denaturation at 94°C for 30 s, primer annealing of 62°C (for
FXIIIA) and 58°C (for MMP-9 and b-Actin) for 30 s, and
extension at 72°C for 30 s; finally, an extension step of
7 min at 72°C. PCR products were separated on 2% agarose
gel and quantified by densitometric analysis.

Gelatin zymography
Gingival tissues (10 mg) were homogenized with a motor-
ized pestle in ice-cold RIPA buffer, and equivalent
amounts of proteins were analyzed by SDS–zymography
as previously described (Gagliano et al, 2009).

Western blotting
For Western blot analysis, 30 lg of proteins extracted from
gingival tissues as described for gelatin zymography was
loaded on a 10% denaturing SDS-polyacrylamide gel and
transferred to nitrocellulose membranes. After protein trans-
fer, the membranes were blocked with 5% nonfat dry milk
at a room temperature for an hour and then incubated with
mouse antibodies against TG1, TG2, TG3, and b-actin
(respectively, diluted 1:100, 1:1000, 1:500, and 1:5000 in
TBS-T) at 4°C overnight. After washing, the blots
were incubated with horseradish peroxidase-conjugated

anti-mouse (diluted 1:3000 for TGs and 1:15000 for
b-actin) for 2 h at room temperature. Immunoblots were
developed with ECL Plus chemiluminescent detection
system kit using Kodak film (GE Healthcare, Milan, Italy).

Transglutaminase activity
Transglutaminases (TG) activity was measured in whole
homogenate of gingival tissues from patients and healthy
subjects by detecting the incorporation of [3H]putrescine
into N,N-dimethylcasein, as reported by Johnson et al
(1997). Briefly, tissue samples were homogenized in
10 mM Tris-Cl, pH 7.5, 1 mM EDTA, 1 mM phenylmeth-
ylsulfonyl fluoride (PMSF) with protease inhibitors. After
centrifugation, supernatants were incubated for 1 h at 37°C
with 1 mCi of [3H]putrescine dihydrochloride (Amersham
Pharmacia Biotech, Milan, Italy) in reaction buffer contain-
ing 10 mM Tris-Cl, pH 7.5, 0.5 mM EDTA, 5 mM dith-
iothreitol (DTT), 15 mM NaCl, 0.2 mM unlabeled
putrescine, 5 mM CaCl2, 3 mg/ml N,N-dimethylated
casein, and protease inhibitors. The reaction was terminated
by the addition of trichloroacetic acid (TCA) to a final con-
centration of 8.5%. The samples were incubated on ice for
60 min and then centrifuged for 20 min at 16 000 g at 4°C.
After two washing with 5% TCA, the pellets were dissolved
in 0.25 N NaOH, and [3H]putrescine incorporation into the
precipitated proteins was determined by liquid scintillation
counting. Transglutaminase activity was calculated as pmol
putrescine incorporated per mg protein per hour.

Statistical analysis
The clinical parameters were analyzed using the nonpara-
metric methods: Pearson’s chi-square test for categorical
variables, Mann–Whitney U-test for the ordinal variables.
All values are expressed as mean � standard deviation
(s.d.). Statistical analysis of gene expression data was
carried out using Student’s t-test for comparisons between
two groups, with P-values < 0.05 considered significant.

Results

Clinical parameters
Clinical features of participants recruited for this study are
summarized in Table 1. There were nonsignificant differ-
ences between groups for gender (chi-square test) and age
(Mann–Whitney U-test). As expected, median values of
PD and CAL and BOP scores in healthy subjects were
significantly lower than those of CP subjects (P < 0.05,
Mann–Whitney U-test).

Histological analysis
The histological analysis of gingival specimens from all
patients and healthy subjects showed that only scattered
lymphocytes were present in the corion of normal mucosa,
while the epithelial lining did not show any alteration
(Figure 1a). In the gingival tissues from periodontal
disease, scanning magnification showed detachment of the
periodontal mucosa with the formation of fibrinoid material
on the surface overlying a rich chronic inflammatory infil-
tration involving the corion and the periodontal ligament
(Figure 1b). At high magnification, it was possible to
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emphasize the superficial single keratinocyte necrosis and
the presence of bacterial colonies adjacent to epithelial–
mesenchymal interface (Figure 1c).

Metalloprotease gene expression and enzyme activity
To confirm membrane damage, we tested the expression
and activity of some metalloproteases, such as MMP-2
and MMP-9, which can be considered active in the degra-
dation of basement membrane collagen and other matrix
components (Senior et al, 1991).
An increase in MMP expression was observed in the

gingival tissues from patients in comparison with normal
ones. In particular, mRNA of MMP-2 significantly raised,
reaching 2.4-fold higher levels than those in normal
tissues (Figure 2a). RT-PCR experiment demonstrated that
mRNA of MMP-9 was slightly increased in gingival
tissues from periodontal patients in comparison with
healthy subjects (Figure 2b).
Generally, MMPs are expressed in a latent proenzyme

form and in an active form, both of which can be visualized
by zymography. As reported in Figure 3, in gingival tissues
from periodontal patients, MMPs activity was observed as
gelatinolytic bands migrating at 92, 86, 72, and 68 kDa,
corresponding, respectively, to pro-gelatinase B, activated

gelatinase B, pro-gelatinase A, and activated gelatinase A.
In normal tissues, both pro-MMP-2 and MMP-2 active
form, 72 kDa and 68 kDa gelatinases, respectively, were
observed at low levels. In these samples, the pro-MMP-9
(92 kDa) form was the only gelatinase B detected. How-
ever, significant increases of latent and active forms of both
MMP-2 and MMP-9 were observed in the diseased gingival
tissues compared with healthy ones.

Analysis of transglutaminase expression levels and enzyme
activity
Transglutaminase (TG) activity was preliminarily tested in
gingival samples. Homogenates from periodontal diseased
tissues showed a reduction in TG activity by 40% in com-
parison with healthy ones (49.2 � 6.7, n = 8, vs
82 � 9.5 pmol putrescine per mg protein per hour, n = 8,
P < 0.001). Enzyme activity levels were related to the
presence of different TG isoforms as biochemical assay
available is not able to discriminate between the activity
from different TG isoforms.

To ascertain whether the expression of TG-encoding
genes could be modified in periodontitis, we analyzed
mRNA transcripts of TGM1, TGM2, and TGM3 using
real-time PCR and of FXIIIA mRNA transcript by
RT-PCR in gingival samples from periodontal disease and
normal tissues.

We found that both TGM1 and TGM3 mRNAs were
abundantly expressed in gingival tissues from patients and
controls. However, after data normalization based on
b-actin levels, mRNA levels of TGM1 and TGM3 showed
a significant decrease in periodontal disease compared
with normal tissues (Figure 4). Indeed, TGM1 and TGM3
mRNA levels significantly decreased by 50% and 35%,
respectively, in the gingival tissue from periodontal
patients in comparison with controls (P < 0.05).

In the examined tissues, TG2 mRNA was significantly
less abundant in comparison with mRNAs of other TGs,
and in periodontal disease, we observed a slight nonsignif-
icant increase, about 1.2-fold higher than those observed
in control subjects (P > 0.05) (Figure 4).

Table 1 Summary of the clinical parameters obtained from the two
groups

Clinical parameters

Groups

Healthy controls Chronic periodontitis

Gender (Male/Female) 9/13 12/10
PD Score (mm) 2.4 � 0.6 5.4 � 1.2*
CAL Score (mm) 2.2 � 0.8 5.7 � 1.4*
BOP Score (%) 0.5 � 0.6 2.3 � 1.1*

The data are presented as mean � s.d.
PD, probing depth; CAL, clinical attachment level; BOP, bleeding on
probing. Statistical analysis was carried out using the Pearson’s chi-
square test for categorical variables and Mann–Whitney U-test for the
ordinal variables.
*P < 0.05 significant differences in comparison with controls.

(a) (b)

(c)

Figure 1 Histological view of the periodontal
tissues (HE staining). No pathological changes
were evident in healthy subjects (a, HE original
magnification 409). The periodontitis group
showed detachment of the periodontal mucosa
with a rich chronic inflammatory infiltration
involving the corion and the periodontal
ligament (b, HE magnification 2009). Large
magnification (c, HE 4009) showed superficial
single keratinocyte necrosis and presence of a
bacterial colonies adjacent to epithelial–
mesenchymal interface. The gingival samples
obtained from patients and healthy subjects
were fixed with 10% neutral buffered formalin
and lasted 24 h. Thick sections (5 lm) were
cut and stained with hematoxylin–eosin
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TG protein expression profiles in gingival samples from
periodontal disease were also evaluated by Western blot-
ting and quantified by densitometric analysis. In Figure 5,
we show that protein contents of both TG1 and TG3 are
reduced in gingival tissues from patients in comparison
with normal samples, whereas no significant differences
were observed in TG2 expression in samples from normal
and periodontal tissues.
As reported in Figure 6, the mRNA levels of FXIIIA in

both sample groups, evaluated by RT-PCR, did not show
significant differences between periodontitis and control
subjects.

Discussion

Chronic periodontal disease is an infectious disease that is
initially caused by oral bacteria in the gingival sulcus and
affects the supporting connective tissues of the tooth
(Kornman et al, 1997). The penetration and damage of the
epithelial layer by infecting organisms are an important
step in the pathogenesis of periodontitis. The crucial func-
tional role of the unique junctional epithelium phenotype

is suggested by the observation of its consistent regenera-
tion after removal by gingivectomy (Bosshardt and Lang,
2005). However, despite the importance of junctional
epithelium in maintaining a healthy dentition, it remains
unclear which mechanisms lead to the normal stability of
the junctional epithelium attachment or to its altered
migratory behavior during active periodontal disease (Page
and Schroeder, 1976). It has been suggested that the
maintenance of the sulcular region relies on interac-
tions between the gingival epithelia and the underlying
extracellular matrix (ECM) and connective tissues with
regionally differing functional properties (Mackenzie,
1987; McKeown et al, 2003).

This study demonstrates that different types of TGs are
expressed in the human gingival tissues. Alterations of

(a)

(b)

Figure 2 Expression profile of MMPs in gingival tissues from normal and
periodontal disease. (a) Results from real-time PCR are expressed as a
relative fold change compared with control subjects. The data are the means
from eleven samples of patients in comparison with seven control samples.
Error bars represent standard deviations. *P < 0.05 significant differences in
comparison with controls. (b) Agarose gel electrophoresis and densitometric
analysis (bottom) of representative RT-PCR products of MMP9 and b-actin
as endogenous control. Lane 1: control subjects; lanes 2–3: patients with
periodontal disease

Figure 3 MMP activity in gingival samples from controls and periodon-
titis patients. SDS-PAGE-based gelatin zymography shows gelatinolytic
proteases, clear white bands, migrating at 92, 86, 72, and 68 kDa, corre-
sponding to latent MMP-9, active MMP-9, latent MMP-2, and active
MMP-2, respectively. Densitometric analysis of gelatinase bands is
shown at the bottom. Lanes 1–2: control subjects; lanes 3–5: periodontitis
patients. *P < 0.05 and ***P < 0.001 significant differences in compari-
son with controls

Figure 4 Changes in mRNA levels of TGMs in gingival tissues from
patients with periodontal disease expressed as relative fold changes com-
pared with control subjects. The results are the means of data obtained
from different sample groups. Error bars represent standard deviations.
*P < 0.05 significant differences in comparison with controls
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mRNA transcript and expression levels, leading to differ-
ential protein contents, may occur in damaged tissues of
patients with periodontal disease due to their involvement
in gingival tissue remodelling/healing and keratinocyte
response.
We have also shown the presence of appreciable

amounts of plasma FXIIIA, which was similarly expressed

in both healthy and damaged tissues, whereas TG2
showed a slight nonsignificant increase in chronic peri-
odontitis samples. The membrane structure alterations
related to an increase in the active forms of both MMP-2
and MMP-9 were concomitant with a significant decrease
in mRNA transcript and protein levels of TG1 and TG3
isoforms.

Due to changes in protein expression, we conclude that
the observed changes of enzyme activity may be due to
both TG1 and TG3 reduced expression.

Several reports suggested that the cross-linking reac-
tions are dependent on specialized functions of TG family
involved in cell differentiation, wound healing, apoptosis,
or keratinocyte cornified envelope formation. The products
of enzyme activity are associated with different biological
processes depending on the location of the target proteins.
The intracellular activation of TG1 and TG2 appeared to
be associated with cornified epidermal envelope and apop-
tosis, respectively, in tissue response to different stimuli.
Moreover, extracellular activation of TG2 contributes to
the stabilization of the extracellular matrix and promotes
cell–substrate interaction and wound healing (Telci and
Griffin, 2006).

While the presence of TG enzymes has been demon-
strated in dental tissues (Kaartinen et al, 2005; Caccamo
et al, 2009; Forsprecher et al, 2011), and both TG2 and
FXIIIA have been associated with formation of skeletal
elements in cartilage and endochondral ossification (Kali-
nin et al, 2001; Nurminskaya and Kaartinen, 2006), the
present study is the first report on the involvement of both
TG1 and TG3 in gingival tissues. Moreover, previous
experimental studies (Haroon et al, 1999; Buemi et al,
2004) provided clear evidence that TG activity is directly
involved in the process of angiogenesis. The synergy
between angiogenesis and bone formation might be
explained by the presence of osteogenic cells, which were
observed to arise from pericytes adjacent to small blood
vessels in connective tissue (Long et al, 1995; Reilly
et al, 1998).

Several features suggest that TG1 is abundantly
expressed in terminally differentiating stratified squamous
epithelia where it is required for barrier function by the
formation of an envelope using different structural proteins
as substrates (Steinert and Marekov, 1997; Lee et al,
2000). In addition, the role of TG3 has been elucidated in
skin keratinocytes, whereas few reports indicate the possi-
ble involvement in esophageal epithelia. However, TG3
expression was reduced in esophageal carcinomas (Chen
et al, 2000).

Our new data suggest that among TGs present in gingi-
val tissues from periodontal disease, both TG2 and plasma
FXIIIA maintain the expression levels showed in normal
tissue. In periodontal disease, TG1 and TG3 isoforms are
significantly downregulated. Thus, results here reported
point to the conclusion that the observed changes in
TG expression could be associated with the increased
expression of MMPs, likely dependent on the active
inflammation occurring in gingival epithelial cells through-
out periodontal disease (Smith et al, 2004).

Indeed, periodontal disease is a chronic inflammatory
condition associated with increased concentrations of

Figure 5 Protein expression profiles of TG isoforms (TG1, TG2, TG3)
in gingival tissues from periodontal disease, assessed by Western blot
analysis. b-actin was chosen as endogenous control. This picture is repre-
sentative of gingival tissue samples from periodontal diseases (lanes 3–5)
in comparison with normal tissue samples (lanes 1–2) obtained from dif-
ferent patients and controls. A representative densitometric analysis of all
samples is also reported. The results are expressed as mean � s.d. from
gingival tissues for each group. *P < 0.05 significant differences between
patients and control subjects

Figure 6 Agarose gel electrophoresis and densitometric analysis (bottom)
of representative RT-PCR products of FXIIIA and b-actin as endogenous
control. Lane 1: control subjects; lanes 2–3: patients with periodontal
disease
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gram-negative pathogenic bacteria and epithelial cell pro-
liferation. In the connective tissue, proliferation and inva-
sion of junctional and sulcular epithelium start early in the
disease process and may continue to ultimately form a
periodontal pocket (Moskow and Polson, 1991; Kinane
and Lappin, 2002). In this process, the slight increase in
TG2 could be dependent on increased levels of fibroblast
proliferation and the intensified resistance of ECM to
degrading enzymes (Asioli et al, 2011). Generally, high
rate of TGM2 expression should be involved in the tissue
response leading to the formation of specific bonds, stabi-
lizing protein aggregates (Aeschlimann and Paulsson,
1994). In this respect, uncontrolled healing processes have
been associated with high level of TG2 (Fisher et al,
2009).
We also demonstrated a specific involvement of TG1

and TG3, which are reduced in active periodontitis. To the
best of our knowledge, the expression of TG1 in human
tissue is limited essentially to stratified squamous epithelia
where it appears in substantial amounts, typically in cells
between the basal layer and the callus layer (Thacher,
1989). In this study, for the first time, we reported that the
reduced expression of TGM1 is associated with altered
structure of gingival tissues in course of periodontal dis-
eases. These results suggest that, similarly to epidermis,
TG1 may promote cell cohesion in the gingival epithe-
lium. Indeed, even if the characteristics of gingival epithe-
lium are different from those of the epidermis, they share
a similar barrier function that may explain the presence of
TG1 in both tissues. Although the role of TG1 in the
gingival tissues should be better defined in relation to its
potential substrates, our findings about damaged epithe-
lium with increased permeability to bacterial components
suggest that impaired TG1 expression can be a conse-
quence of damage of gingival keratinocytes and can be
regarded as a potentially interesting marker of reduced cell
adhesion.
The present study supports the hypothesis that TGs are

needed in response to chronic injury in the damaged gin-
gival tissue and emphasizes the key role of these enzymes
in gingival remodelling/healing and adaptive processes.
Regardless of the underlying pathogenic mechanisms, the
breach in structural integrity makes the gingival epithelium
vulnerable to bacterial invasion. This change is potentially
capable of exerting a strong influence on disease activity
and treatment outcome, especially during the regeneration
process. Further studies aimed at identifying the molecular
mechanisms responsible for these changes, and their
reversibility may have a significant impact on our under-
standing of the complex processes involved in periodontal
disease.
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