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Abstract
Significance
Understanding protein expression profiles of peri-
apical lesions may contribute to the discovery of
novel diagnostic or therapeutic molecular targets.
Introduction: Understanding protein expression pro-
files of apical periodontitis may contribute to the discov-
ery of novel diagnostic or therapeutic molecular targets.
Methods: Periapical tissue samples (n = 5) of patients
with lesions characterized as nonhealing were submit-
ted for proteomic analysis. Two differentially expressed
proteins (heat shock protein 27 [HSP27] and serpin fam-
ily B member 1 [SERPINB1]) were selected for character-
ization, localization by immunofluorescence, and
association with known biomarkers of acute inflamma-
tory response in human apical periodontitis (n = 110)
and healthy periodontal ligaments (n = 26). Apical peri-
odontitis samples were categorized as stable/inactive
(n = 70) or progressive/active (n = 40) based on the ra-
tio of expression of receptor activator of nuclear factor
kappa-B ligand (RANKL)/osteoprotegerin (OPG).
Next, the expression of HSP27, SERPINB1, C-X-C
motif Chemokine Receptor 1 (CXCR1), matrix metallo-
proteinase 8 (MMP8), myeloperoxidase (MPO), and
cathepsin G (CTSG) messenger RNA was evaluated us-
ing real-time polymerase chain reaction. Data analysis
was performed using the Shapiro-Wilk test, analysis of
variance, and the Pearson test. P values <.05 were
considered statistically significant. Results: Proteomic
analysis revealed 48 proteins as differentially expressed
in apical periodontitis compared with a healthy perio-
dontium, with 30 of these proteins found to be ex-
pressed in all 4 lesions. The expression of HSP27 and
SERPINB1 was �2-fold higher in apical periodontitis.
Next, an increased expression of HSP27 was detected
in epithelial cells, whereas SERPINB1 expression was
noted in neutrophils and epithelial cells. HSP27 and
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SERPINB1 transcripts were highly expressed in stable/inactive lesions (P < .05). Sig-
nificant negative correlations were found between the expression of HSP27 and SER-
PINB1 with biomarkers of acute inflammation including CXCR1, MPO, and CTSG.
Conclusions: Our data suggest HSP27 and SERPINB1 as potential regulators of the in-
flammatory response in apical periodontitis. Additional functional studies should be
performed to further characterize the role of these molecules during the develop-
ment/progression of apical periodontitis. (J Endod 2017;43:1486–1493)
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Apical periodontitis is the
inflammatory destruc-

tion of periradicular tissues
caused by persistent micro-
bial infection within the
root canal system. Factors

contributing to persistent apical periodontitis include inadequate aseptic control, poor
access cavity design, missed canals, inadequate instrumentation, and defective tempo-
rary or permanent restorations (1). However, it has been recently proposed that an
imbalance in the expression of genes involved in healing and genetic predisposition
can also contribute to persistent apical periodontitis (2).

Chronic inflammation is the hallmark of apical periodontitis and drives the patho-
logical changes that lead to tissue destruction in the periapical environment as well as the
progression of the lesion. Even after conventional endodontic treatment, the persistence
of infectious stimuli from residual microorganisms or their antigens can perpetuate the
inflammatory process, precluding the return to homeostasis, regression, and healing (3).

From a clinical perspective, the ability to distinguish between a progressive lesion
and a stable lesion that is undergoing regression and healing is critical to determine the
need of additional treatment interventions, including periapical surgery. Currently, the
decision of additional treatment is based on previous treatment history along with clin-
istry, University of Chile, Santiago, Chile; †Department of Biological Sciences, School of Dentistry of
r Craniofacial Research, University of Texas School of Dentistry at Houston, Houston, Texas; and
tment of General Practice and Dental Public Health, and kDepartment of Diagnostic and Biomedical
ool of Dentistry at Houston, Houston, Texas.
tment of Endodontics, University of Texas School of Dentistry at Houston, 7500 Cambridge Street,
h.tmc.edu

JOE — Volume 43, Number 9, September 2017

 en University of Chile de ClinicalKey.es por Elsevier en junio 05, 2019.
s usos sin autorización. Copyright ©2019. Elsevier Inc. Todos los derechos reservados.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:renato.m.silva@uth.tmc.edu
http://dx.doi.org/10.1016/j.joen.2017.03.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.joen.2017.03.014&domain=pdf


Basic Research—Biology

ical and radiologic signs and symptoms evaluated during follow-up
visits. Additional diagnostic tools such as the use of a molecular signa-
ture of apical periodontitis would provide clinical benefits in terms of
determining when complex interventions are needed (4).

Proteomic analysis of apical periodontitis tissues represents a
powerful and unbiased approach to identify key molecules that are
differentially expressed and produced within the lesions (5). These
molecules might be key components of the biological pathways involved
in lesion resolution or progression.

In the present study, we performed proteomic analysis of apical
periodontitis and healthy periodontal tissue samples using
2-dimensional difference gel electrophoresis (2D-DIGE) and mass
spectrometry. Selected differentially expressed proteins were further
investigated using quantitative real-time polymerase chain reaction
(PCR) and immunofluorescence. We also verified the association of
selected protein targets with the expression of known biomarkers of
acute inflammatory response.

Material and Methods
Sample Population

This study was approved by the Institutional Review Boards at the
University of Texas Health Science Center at Houston, Houston, TX,
and the University of S~ao Paulo (Faculdade deOdontologia de Bauru Uni-
versidade de S~ao Paulo), Bauru, S~ao Paulo, Brazil. Patients were re-
cruited from the endodontics and oral surgery clinics at these
institutions. The subjects were patients with apical periodontitis
(N = 114, 19–61 years of age) presenting with periapical rarefaction
characterized radiographically by the disappearance of the periodontal
ligament space and discontinuity of the lamina dura. All patients were
referred for endodontic surgery after conventional root canal treatment
had failed. Patients with medical conditions requiring the use of systemic
modifiers of bone metabolism or other assisted drug therapy (ie, sys-
temic antibiotics, anti-inflammatory drugs, and hormone therapy)
6 months before initiation of the study, patients with preexisting condi-
tions such as periodontal disease, and pregnant or lactating women
were excluded from the study. At the time of surgery, periapical biopsies
were collected, and each specimen was divided into 2 fragments of
similar size and stored in 10% formalin or rinsed in phosphate-
buffered saline (PBS) and immediately frozen at�80�C. Samples stored
in 10% formalin were submitted to routine histologic processing, serial
sectioning for hematoxylin-eosin staining, and histopathological analysis.
All experimental samples were histologically diagnosed as apical granu-
lomas with or without epithelium (72%) and radicular cysts (28%). The
clinical diagnosis included previously endodontically treated teeth
(100%) with asymptomatic apical periodontitis (43%), symptomatic
apical periodontitis (19%), and chronic apical abscess (38%).

Healthy periodontal ligament tissues were used as control tissues
and were collected from individuals referred for the extraction of
premolars for orthodontic reasons (n = 27, aged 19–24 years). In to-
tal, 114 human apical periodontitis samples and 27 healthy periodontal
ligaments were collected postoperatively and used in this study.

2D-DIGE
Five tissue samples were submitted to 2D-DIGE. Of these, 4 peri-

apical tissue samples were from cases with a histopathological diagnosis
of a periapical granuloma and a clinical diagnosis of a previously
endodontically treated tooth with a chronic apical abscess (n = 2)
and a previously endodontically treated tooth with asymptomatic apical
periodontitis (n= 2). One healthy periodontal ligament tissue obtained
from a premolar extracted for orthodontic purposes was used as the
control specimen.
JOE — Volume 43, Number 9, September 2017
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Samples were incubated in 2-dimensional cell lysis buffer
(30 mmol/L Tris-HCl (ThermoFisher, Waltham, MA), pH = 8.8,
containing 7 mol/L urea, 2 mol/L thiourea, and 4% CHAPS [Thermo-
Fisher]), sonicated at 4�C, and kept in a shaker for 30 minutes at
room temperature. Samples were then centrifuged at 25,000g for 30mi-
nutes at 4�C, and the supernatants were collected. Protein concentra-
tion was measured using the Bradford method (6). Each sample was
diluted in 2-dimensional cell lysis buffer to a protein concentration
of 8 mg/mL. We incubated 30 ng protein concentrate from each sample
with 1 mL size/charge-matched CyDye (GE Healthcare Life Sciences,
Marlborough, MA) at 0.2 nmol/mL for 30 minutes in ice inside a
dark chamber. We added 1 mL lysine 10 mmol/L to the mixture and
incubated for additional 15 minutes. Samples were labeled, mixed
with buffer, and actively rehydrated as described elsewhere (7). The
conditions for isoelectric focusing were as follows: 300 V for 2 hours,
500 V for 2 hours, 1000 V for 2 hours, and 8000 V for 8 hours. We
equilibrated the focused strips, rinsed them in running buffer, and
performed the second-dimension electrophoresis in a 12% agarose
sodium dodecyl sulfate gel at 10 mA for approximately 30 minutes.

Image scans were performed immediately using Typhoon TRIO (GE
Healthcare Life Sciences). Scanned images were analyzed using Image
QuantTL software (GE Healthcare Life Sciences) and subjected to in-
gel and cross-gel analysis using DeCyder software version 6.5 (GE
Healthcare Life Sciences). Changes in protein expression between lesions
and control tissue and between individual lesions were obtained from
cross-gel DeCyder software analysis. Protein spots of interest were picked
up by an Ettan Spot Picker (GE Healthcare Life Sciences) based on the
in-gel analysis and spot-picking design using DeCyder software. The
protein spots were washed and digested in gel with Trypsin Gold–modi-
fied porcine trypsin protease (Promega, Madison, WI). The digested
tryptic peptides were further desalted by Zip-tip C18 (Millipore, Billerica,
MA); peptides were eluted with 0.5 mL matrix solution (a-cyano-4-
hydroxycinnamic acid, 5mg/mL in 50% acetonitrile, 0.1% trifluoroacetic
acid, and 25 mmol/L ammonium bicarbonate) and spotted on a matrix-
assisted laser desorption ionization-time of flight mass spectrometry.

Mass Spectrometry and Database Search
Matrix-assisted laser desorption ionization–time-of-flight mass

spectrometry and time-of-flight/time-of-flight tandem mass spectrom-
etry were performed on a 5800 mass spectrometer (AB Sciex, Framing-
ham, MA). Matrix-assisted laser desorption ionization–time-of-flight
mass spectra were acquired in the reflectron positive ion mode (8).
Time-of-flight/time-of-flight tandem mass spectrometry fragmentation
spectra were acquired for each sample, averaging 2000 laser shots
per fragmentation spectrum on each of the 5 to 10 most abundant
ions present in each sample (excluding trypsin autolytic peptides and
other known background ions).

Both the resulting peptide mass and the associated fragmentation
spectra were submitted to GPS Explorer (version 3.5; Matrix Science,
Boston, MA) equipped with the MASCOT search engine (Matrix Science)
to search the database of the National Center for Biotechnology Informa-
tion nonredundant (9) or the Swiss Protein database (10). Searches were
performed without constraining the protein molecular weight or isoelec-
tric point, with variable carbamidomethylation of cysteine and oxidation
of methionine residues, and with 1 missed cleavage allowed in the search
parameters. Only candidates with either a protein score confidence
interval or an ion confidence interval greater than 95% were considered.

Microscopic Analysis
Heat shock protein 27 (HSP27) and serpin family B member 1

(SERPINB1) were selected as targets for additional investigation based
HSP27 and SERPINB1 and Apical Periodontitis 1487
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on their�2-fold overexpression in apical periodontitis compared with
healthy tissue and considering their putative regulatory role in inflam-
mation.

Formalin-fixed paraffin-embedded tissue samples of nonepithe-
lialized apical granulomas, epithelialized apical granulomas, and apical
cysts were obtained from our in-house tissue collection and sectioned at
6 mm for standard hematoxylin-eosin staining and immunolocalization
of HSP27 and SERPINB1. Formalin-fixed paraffin-embedded sections
were cleared in xylene and rehydrated in gradated alcohol baths.
Antigen retrieval was performed in 10 mmol/L sodium citrate buffer
(pH = 6) at 96�C for 5 minutes. Sections were then permeabilized
with 0.5% Triton X-100 (ThermoFisher) in PBS, blocked with 1%
bovine serum albumin in 10% goat serum, and incubated with either
rabbit polyclonal antihuman HSP27 (cat no. AB5579; Abcam, Cam-
bridge, UK) or rabbit monoclonal antihuman SERPINB1 (cat no.
AB181084, Abcam) antibody overnight at 4�C. Sections were washed
in PBS and incubated with Alexa 488 goat antirabbit secondary antibody
(ThermoFisher), counterstained with 4’,6-diamidino-2-phenylindole,
and mounted. Images were acquired using an Eclipse Ni-U upright fluo-
rescence microscope (Nikon, Tokyo, Japan) equipped with a Zyla 5.5
sCMOS camera (Andor Technologies, Belfast, UK).

Quantitative Real-time PCR
We measured the messenger RNA (mRNA) levels of HSP27, SER-

PINB1, receptor activator of nuclear factor kappa-B ligand (RANKL),
osteoprotegerin (OPG), C-X-C motif chemokine receptor 1 (CXCR1),
matrix metalloproteinase 8 (MMP8), myeloperoxidase (MPO), and
cathepsin G (CTSG) in 110 periapical granulomas and 26 healthy peri-
odontal ligament tissue samples as previously described (11). The total
RNA was extracted using the RNeasy kit (Qiagen, Valencia, CA). RNA
quality was analyzed using the 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA), and complementary DNA synthesis was achieved using
3 mg RNA/sample as a template in a reverse transcription reaction
(QuantiTectRT Kit, Qiagen).

Samples were categorized as either progressive/active (n = 40) or
stable/inactive (n= 70) based on the ratio of RANKL/OPG expression as
previously described (12). Next, mRNA levels of HSP27, SERPINB1,
CXCR1, MMP8, MPO, and CTSG were evaluated using on-demand Taq-
Man gene expression assays (Invitrogen, Carlsbad, CA) in a Viia7 Real
Time PCR instrument (LifeTechnologies, Carlsbad, CA). The reaction
conditions were as follows: 40 cycles at 95�C for 10 minutes, 94�C
for 1 minute, 56�C for 1 minute, and 72�C for 2 minutes. Results are
depicted as the expression levels of target genes relative to the expression
of housekeeping genes (glyceraldehyde 3-phosphate dehydrogenase
[GAPDH] and b-actin) in each sample using the 2�DDCt method (13).

Statistical Analysis
The Shapiro-Wilk test was used to test the distribution of the data,

whereas analysis of variance was used to test the differences in the
relative expression of the investigated genes between lesions and control
tissues and between progressive and stable lesions. We also used the
Pearson correlation to analyze the association between selected vari-
ables. All statistical analyses were performed in Stata/IC 14.1 (Stata
Corp, College Station, TX) and GraphPad Prism 7.0 (GraphPad, La Jolla,
CA). Depending on the analysis, fold changes greater than or around 2
or P values <.05 were considered statistically significant.

Results
2D-DIGE

The complete data obtained from the database search including
the top-ranking protein name, accession number, molecular weight,
1488 Cavalla et al.
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isoelectric point, peptide count, and Mascot scores are provided as
Supplementary Material.

We found 48 differentially expressed proteins between the control
tissue and the 4 apical periodontitis samples (Supplemental Table S1 is
available online at www.jendodon.com). Of these, 30 were present in all
4 lesions; 19 of 30 (63.3%) proteins were down-regulated, whereas 11
of 30 (36.6%) were up-regulated (Table 1). These peptides were
further categorized based on the 12 putative functional pathways in
which they belong as follows: 15 (50%) were cytoskeleton proteins
(actin cytoplasmic 2, annexin A1, gelsolin, involucrin, keratin type I
cytoskeletal 13, keratin type I cytoskeletal 14, keratin type I cytoskeletal
16, keratin type II cytoskeletal 1, keratin type II cytoskeletal 2 oral, ker-
atin type II cytoskeletal 3, keratin type II cytoskeletal 4, keratin type II
cytoskeletal 5, keratin type II cytoskeletal 6A, tropomyosin alpha-4
chain, and vimentin), 3 (10%) were blood plasma proteins (apolipo-
protein A-I, serotransferrin, and serum albumin), 2 (6.6%) were anti-
oxidant defense system enzymes (superoxide dismutase mitochondrial
and thioredoxin), and 2 (6.6%) were cell cycle regulating proteins
(14-3-3 protein sigma and protein S100-A9); the remaining 8 peptides
included a Ca+2 signaling protein (calreticulin), a protein biosynthesis
molecule (elongation factor 2), a metabolic enzyme (alpha-enolase), a
transport protein (fatty acid–binding protein, epidermal), a serine
protease inhibitor family member (SERPINB1), a stress response pro-
tein (HSP27), a coagulation cascade protein (protein-glutamine
gamma-glutamyltransferase E), and an immune response protein
(immunoglobulin gamma-1 chain C region).

HSP27 and SERPINB1 expression was up-regulated in apical peri-
odontitis tissues by 3.79-fold and 1.93-fold, respectively, when
compared with the control. Because of their previously reported role
in inflammation and apical periodontitis (14–16), these proteins
were selected for further characterization and association analysis
with known acute inflammatory response markers (CXCR1, MMP8,
MPO, and CTSG) (17–20).
Microscopic Analysis
Microscopic analysis of the hematoxylin-eosin–stained apical

periodontitis sections revealed the presence of granulomatous tissue
with a dense fibrous capsule, fibroblasts, and a large area filled with
chronic and acute inflammatory infiltrate. This infiltrate was composed
by lymphocytes intermixed with neutrophils, macrophages, and plasma
cells (Fig. 1A–L). Three different patterns of apical periodontitis were
noted: nonepithelialized (Fig. 1A–D) and epithelialized (Fig. 1E–H)
granulomas and apical cysts (Fig. 1I–L). Highly epithelialized granu-
lomas contained granulation tissue infiltrated by scattered and nonor-
ganized epithelium cords. An apical cyst exhibited a typical cavity-lining
epithelium (ie, a hyperplasic, nonkeratinized, and stratified epithelium
surrounded by a thick granulation tissue) (21).

Immunofluorescence assays revealed the expression of HSP27
and SERPINB1 in apical periodontitis (Fig. 2). HSP27 expression was
not detected in nonepithelialized apical granulomas (Fig. 2A–D); how-
ever, an increased expression was noted in the epithelia of epithelialized
granulomas and apical cysts (Fig. 2E–L, respectively). In the case of
epithelialized granulomas, the expression of HSP27 was confined to
the hyperplasic nonkeratinized epithelial cords infiltrating the granulo-
matous tissue (Fig. 2E–H), with epithelial cells showing a homogenous
cytoplasmic immune staining in all layers. Apical cysts showed a similar
pattern of immune staining, with a strong cytoplasmic signal in all layers
of the epithelium lining the cystic cavity (Fig. 2K and L).

Similarly, SERPINB1 was expressed by the epithelial cells of epi-
thelialized granulomas and apical cysts (Fig. 2F’ and J’, respectively).
The staining pattern was cytoplasmic and homogeneous in all layers
JOE — Volume 43, Number 9, September 2017
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TABLE 1. Pathways Regulated in Apical Periodontitis Compared with Control Samples

Pathway N (%) N (%) up-regulated N (%) down-regulated

Antioxidant defense system 2 (6.6) 1 (50) 1 (50)
Blood plasma protein 3 (10) 3 (100) 0
Ca+2 signaling 1 (3.3) 1 (100) 0
Cell cycle regulator 2 (6.6) 0 2 (100)
Coagulation cascade 1 (3.3) 0 1 (100)
Cytoskeleton 15 (50) 3 (18.75) 12 (81.25)
Immune response 1 (3.3) 1 (100) 0
Metabolic enzyme 1 (3.3) 0 1 (100)
Protein biosynthesis 1 (3.3) 0 1 (100)
Serpin family member 1 (3.3) 1 (100) 0
Stress response 1 (3.3) 1 (100) 0
Transport protein 1 (3.3) 0 1 (100)

Total 11 (36.6) 19 (63.3)
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of the hyperplasic epithelia. In the epithelialized granuloma, strong
staining was evident in the scattered islets and cords of epithelia
(Fig. 2F’ and G’). In the apical cyst, the immune staining followed
the same pattern, and the signal was evident in all layers of the epithelia
lining the cystic cavity (Fig. 2I’–L’).

SERPINB1 was also expressed by the infiltrating polymorph
nuclear neutrophils (PMNs) in the nonepithelialized granuloma, epi-
thelialized granuloma, and apical cyst (Fig. 2D’,H’, and L’). The staining
was very specific to PMNs, and no other infiltrating cell showed positive
staining. In the nonepithelialized granuloma, the PMNs were clustered
in defined sections of the lesion surrounded by other infiltrating
Figure 1. Histophatological characterization of inflammatory apical periodontit
were predominant in all lesions. (A–D) A nonepithelialized granuloma with a clea
(E–H) A highly epithelialized granuloma containing granulation tissue (gt) enclo
hyperplasic, nonkeratinized, stratified epithelium and a granulation tissue (gt) sur
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leukocytes and granulomatous tissue (Fig. 2A’–D’). In the epithelialized
granuloma, the infiltrating PMNs were located preferentially in the
central part of the lesion (Fig. 2G’ and H’). The apical cyst also showed
clustered infiltration of PMNs in the central portion of the lesion
(Fig. 2I’). Some PMNs transmigrated through the epithelia into the
cystic cavity (Fig. 2, arrow in L’).
Expression Analyses
Increased levels of HSP27 and SERPINB1 were detected by quan-

titative real-time PCR in inactive lesions when compared with the control
is. (A–L) A mix of inflammatory cells (*) including neutrophils (arrows)
r decrease of inflammatory infiltrate into the thick collagenous capsule (cc).
sed by nonkeratinized epithelium (e) cords. (I–L) An apical cyst lined by a
rounding the lesion. Hematoxylin-eosin stain. Scale bar = 250 mm.

HSP27 and SERPINB1 and Apical Periodontitis 1489
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Figure 2. The expression of HSP27 and SERPINB1 in inflammatory apical periodontitis (A–D and A’–D’: nonepithelialized granuloma, E–H and E’–H’: epithe-
lialized granuloma, and I–L and I’–L’: apical cyst). (A–I) For HSP27, there was a high expression of HSP27 in the cytoplasm of epithelial cells (e). (A’–I’) For
SERPINB1, there was a high expression in the cytoplasm of neutrophils (arrows) and the epithelial cells (e). All cells present in the granulation tissue (gt) and
epithelium (e) were identified using DAPI nuclear staining (blue). Scale bar = 250 mm.
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tissue (P < .05) (Fig. 3A). A significantly higher expression of HSP27
and SERPINB1 was also detected in inactive lesions in comparison
with active lesions (P < .05) (Fig. 3B). Moreover, a significant positive
correlation was noted between HSP27 and SERPINB1 expression levels
in apical periodontitis (r2 = 0.12, P < .001) (Fig. 3C).

We then tested the potential association between HSP27 expres-
sion levels with the expression of known acute inflammation bio-
markers and detected significant negative correlations with CXCR1
(r2 = 0.12, P < .001), MPO (r2 = 0.06, P = .007), and CTSG
(r2 = 0.08, P= .002) (Fig. 3D). Likewise, SERPINB1 showed significant
negative correlations with CXCR1 (r2 = 0.09, P = .001), MMP8
(r2 = 0.12, P < .001), and MPO (r2 = 0.15, P < .001) and a significant
moderate (�) correlation with CTSG (r2 = 0.52, P < .001) (Fig. 3E).
Discussion
In this study, we used proteomic analysis as an unbiased approach

to identify differentially expressed proteins in apical periodontitis in
comparison with healthy control tissue. Overall, of the 48 proteins iden-
tified as differentially expressed, 30 were found to be expressed in all 4
lesions. Of these, 19 of 30 (63.3%) were down-regulated, whereas 11 of
Figure 3. The expression of HSP27 and SERPINB1 in apical periodontitis and corre
expression of HSP27 in healthy apical tissues (controls) and active and inactive ap
tissues (controls) and active and inactive apical periodontitis. In A and B, different
lation analysis between (C) the relative expression of HSP27 and SERPINB1 in apic
between (E) SERPINB1 and CXCR1, MMP8, MPO, and CTSG. n = 110 apical gran
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30 (36.6%) were up-regulated. Most of these peptides belonged to bio-
logical pathways with functions related to the cytoskeleton, antioxidant
defense system, and cell cycle, whereas a few peptides have suggested
functions in calcium signaling, biosynthesis and metabolism, protein
transport, inhibition of proteases, stress response, immune response,
and coagulation cascade.

Interestingly, most of the differentially expressed proteins in apical
periodontitis appeared down-regulated, and these were mainly related
to cytoskeleton assembly and cell-cell interaction pathways. Although
speculative, we may argue that the down-regulation of cytoskeleton pro-
teins might reflect the tissue collapse and disorganization resultant of
the chronic inflammatory process affecting the apical tissue during
the progression of apical periodontitis. Recently, chronic inflammation
has been linked to cytoskeletal changes, and direct links between cyto-
skeletal proteins and proinflammatory signaling are beginning to
emerge in the literature (22).

The up-regulated proteins included an antioxidant enzyme, 3 blood
plasma proteins, a calcium signaling protein, 2 cytoskeleton proteins, an
immune response protein, a serpin familymember, and a stress response
protein. We focused our analysis on 2 of the significantly up-regulated
proteins, HSP27 and SERPINB1, because of their putative roles as key
lation analysis with additional immune inflammatory markers. (A) The relative
ical periodontitis. (B) The relative expression of SERPINB1 in healthy apical
letters represent statistically significant differences (P < .05). Pearson corre-
al periodontitis; between (D) HSP27 and CXCR1, MMP8, MPO, and CTSG, and
ulomas and n = 26 healthy periapical tissues.

HSP27 and SERPINB1 and Apical Periodontitis 1491
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regulators of tissue metabolism and their tissue protective roles during
various chronic inflammatory conditions and animal models (23, 24).
HSP27 was 3.79-fold up-regulated in apical periodontitis. This protein
belongs to the heat shock protein gene family and has an important
role in the inhibition of apoptosis in thermal and chemical stress, protect-
ing the cells from injury in hostile environments (25, 26). In contrast,
HSP27-deficient mice display impaired wound healing (27). Additional
evidence suggests that HSP27 can modulate neutrophil chemotaxis and
activity (28, 29), which could account for the local immune regulation
of apical periodontitis. The results of our immunofluorescence assays
revealed the expression of HSP27 predominantly in the epithelial cells
of both epithelialized granulomas and apical cysts. These results
corroborate previous reports in which HSP27 expression was found in
odontogenic epithelial cells, dental lamina, and the enamel organ of
tooth germs but not in fibroblasts or other stromal cells (30). Further-
more, the observed overexpression of the HSP27 protein in periapical
granulomas is in line with our previously published findings in which
HSP27 mRNA was significantly up-regulated in periapical granulomas
and in lipopolysaccharide-stimulatedmacrophages (15). HSP27 expres-
sion was significantly higher in inactive lesions, implicating a potential
role for this molecule in regulating lesion progression (15). Neverthe-
less, additional mechanistic studies are needed to determine a functional
role for HSP27 in the pathogenesis of apical periodontitis.

SERPINB1 expression was also higher (�2-fold) in apical peri-
odontitis. SERPINB1 is a potent inhibitor of neutrophil serine proteases
(elastase and cathepsin G) and commonly up-regulated in ulcerative
colitis (31). This protein also plays a crucial role in tissue protection
against neutrophil-induced damage, acting as an apoptosis inhibitor
in a caspase-independent pathway mediated by cathepsin G (32). We
have previously shown the overexpression of another serpin family
member (SERPINE1) in inactive apical periodontitis (2); the current
findings of SERPINB1 up-regulation in apical periodontitis reinforce
the evidence for a role of this gene family in the pathogenesis of the con-
dition. Our results showed that SERPINB1 is exclusively expressed in the
epithelium and in infiltrating PMNs present in the granulation tissue. We
may speculate that whether in the epithelium or in the granulation
tissue, SERPINB1 is serving a protective role, inhibiting the cathepsin
G–mediated apoptosis of neutrophils and epithelial cells and thereby
limiting the damage derived from the diffuse and uncontrolled secretion
of neutrophil elastase and cathepsin G. The results of our quantitative
PCR support this hypothesis because SERPINB1 appears significantly
more up-regulated in stable lesions than in progressive lesions. Inter-
estingly, the negative correlation between CTSG and SERPINB1 in apical
periodontitis suggests the involvement of this protein in neutrophil-
mediated inflammation. Recent evidence suggests that neutrophils
can exert a regulatory role during the acute phase of the immune
response, partially because of the release of neutrophil extracellular
traps (NETs). These NETs contain DNA and up to 20 different inflamma-
tory mediators and effector molecules, such as cathepsin G and elastase.
The up-regulation of SERPINB1 might regulate and reduce the destruc-
tive potential of NET release, inhibiting the direct degradation of the
tissue and helping to stabilize the lesion (33).

Interestingly, the results of our correlation analyses suggest dy-
namic and interactive roles for SERPINB1 and HSP27 in the regulation
of apical periodontitis through their modulation of the expression of
additional biomarkers of acute inflammation. Of note, significant nega-
tive correlations were identified for both SERPINB1 and HSP27 with
CXCR1, MMP8, MPO, and CTSG. We observed a strong negative corre-
lation was observed between the expression of HSP27 and CXCR1, the
receptor for interleukin 8 (CXCL8) and themain mediator of neutrophil
infiltration in periapical inflammation (17). Additionally, significant
negative correlations were observed between HSP27 with MPO and
1492 Cavalla et al.
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CTSG, suggesting that its expression is correlated with decreased
neutrophil infiltration and activity. Likewise, significant negative corre-
lations were observed between the expression of SERPINB1 with all the
selected biomarkers of acute inflammation. The strongest negative cor-
relation was noted for CTSG (r2 = 0.52), which possibly suggests a
direct regulatory link between the expression of SERPINB1 and the in-
hibition of the expression of cathepsin G, which is 1 of the main proteo-
lytic effector molecules released by neutrophils and responsible for
direct tissue degradation and proinflammatory signaling (34, 35).

In summary, using an unbiased proteomic analysis, we identified
HSP27 and SERPINB1 as differentially expressed proteins in apical peri-
odontitis and confirmed their predominant epithelial localization. We
also observed interesting correlations between the expression of these
proteins with other inflammatory molecules that may provide insights
into the functional role of HSP27 and SERPINB1 as regulators of apical
periodontitis.
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