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Introduction

Objectives. In silico bioinformatical analysis suggested that the ex-
pression of two genes, CCL5 (C-C Motif Chemokine Receptor 5) and
ep300 (Histone acetyltransferase p300), could be used as potential new
biomarkers in differentiation between periapical granulomas and ra-
dicular cysts. Thus, we hypothesized that gene expression of CCL5 and
ep300 in periapical lesions would classify the lesions as either granu-
loma or cyst. Materials. Patient samples (n=122) included 46 periapi-
cal granulomas, 38 radicular cysts and 38 healthy gingival samples as
controls. Real-time PCR analysis of CCL5 and ep300 transcripts was
compared to SDHA (Succinate dehydrogenase complex, subunit A)
as the reference. Clinical parameters (e.g., intensity of inflammation
and lesion size) were measured and correlated with CCL5 and ep300
expression. ROC (Receiver operating characteristic) and logistic re-
gression analyses were used to establish the diagnostic character of
ACt values. Results. Granulomas and radicular cysts had significantly
higher expression of CCL5 and ep300 compared to controls (P<0.05).
However, no differences were observed when comparing granulo-
mas and radicular cysts. ROC analyses showed that CCL5 and ep300
have good diagnostic accuracy, but low accuracy for distinguishing
between the lesions. Conclusions. This study confirmed that expres-
sion of CCL5 and ep300 is relevant for the pathogenesis of periapical
inflammatory lesions but cannot be used as a distinctive marker be-
tween these lesions.

fights the infection by recruiting different
mechanisms, such as T- and B-cell-mediat-

Periapical inflammatory lesions are among
the most common lesions of inflammatory
origin in human jaws (1). They are charac-
terized by destruction of the periapical tis-
sue, resulting in surrounding bone resorp-
tion and eventual formation of cysts or
granuloma (2). The development of these
lesions is triggered by bacterial infection of
the root canal (3). The host immune system

ed anti-bacterial responses, which activate
a network of regulatory cytokines that are
produced by Th1- and Th2-type T-lympho-
cytes (1).

Many newer studies are concerned with
the analysis of inflammatory mediators and
biomarkers and their influence on the de-
velopment of various periapical lesions (4-
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13). Pires et al. in their study analyzed the
expression of a whole range of cytokines in
active and inactive periapical lesions (2).
Also, Cavalla et al. were engaged in under-
standing the expression of protein profiles
in apical periodontitis for identifying po-
tential diagnostic molecular markers in
one of their recent studies (5). In everyday
clinical practice, nonsurgical therapy is
the first choice for treatment of periapical
cysts or granulomas. Numerous studies
have attempted to find new biomarkers
to differentiate these entities by analysing
gene or protein expression (14). Besides
laboratory investigations, a bioinformatic
study was recently conducted to identify
genes concerned with differentiation of
periapical granulomas and cysts (15). This
study recommended two genes, CCL5 and
ep300, as the leader genes in differentiation
between  periapical granulomas and
cysts, respectively. However, laboratory
confirmation of the role of these genes in
inflammatory periapical lesions has not
been conducted.

CCL5 is a cytokine that belongs to the
chemokine superfamily (16). It is a natural
ligand for the CCR5 receptor (C-C Motif
Chemokine Receptor 5) and functions as a
chemoattractant for T-cells, monocytes (17)
and eosinophils (18), as well as an activator
of basophils to release histamine (19). ep300
is a histone acetyltransferase that regulates
transcription via chromatin remodelling
and is involved in processes of cell prolif-
eration and differentiation (20). This gene
has been implicated in bone metabolism
through its interactions with RANKL (Re-
ceptor activator of nuclear factor kappa-B
ligand) protein (21). Also, it has been sug-
gested that ep300 is involved in regulation of
tooth initiation (22).

The present study hypothesized that
CCL5 and ep300 are molecular markers for
differentiation between periapical granulo-
mas and radicular cysts. We also hypoth-

esized that these potentially new biomarkers
are correlated with the inflammation inten-
sity and lesion size.

Materials and Methods
Sample

Patient samples consisted of periapical in-
flammatory lesions, including periapical
granulomas (n=50), radicular cysts (n=59),
and healthy gingiva samples as controls
(n=40). Patients with periapical granulo-
mas or radicular cysts underwent the oral
surgery procedure of periapical lesion ex-
tirpation, followed by either apicoectomy
or routine extraction of the non-vital tooth/
remaining root. All the above-mentioned
oral surgery procedures were conducted by
N.H. After periapical lesion extirpation, the
lesion was divided into two parts. One part
was immersed in 10% buffered formalin and
then embedded in paraffin FFPE (Formalin-
Fixed Paraffin-Embedded) for histopatho-
logical diagnosis, and the other part was
flash frozen in liquid nitrogen and stored in
a freezer at -80°C until the moment of RNA
isolation and cDNA synthesis.

On the basis of histopathological analy-
sis carried out by the same pathologist [S.R],
all samples in the experimental group were
classified either as radicular cysts (n=59)
or periapical granulomas (n=50). Of the 59
radicular cysts, 29 samples were extirpated
during apicoectomy with cystectomy, while
30 radicular cyst samples were collected
during the surgical intervention for extrac-
tion of the non-vital tooth/residual root
with cystectomy. Out of 50 periapical gran-
ulomas, 26 samples were collected during
apicoectomy and 24 samples were collected
by curettage after extraction of the offending
tooth or residual root. Out of 59 samples of
cysts, in 11 samples the tooth had previous-
ly been treated endodontically, while in 48
samples the tooth had not been previously
endodontically treated.




Out of 50 samples of periapical
granulomas, in 13 samples the tooth had
previously been treated endodontically (root
canal(s) obturated with permanent filling
material), while in the remaining 37 samples
the tooth had not been previously treated
endodontically (those were the situations
where consulting endodontist insisted for
endodontic surgery as first therapy option).
For patients with periapical lesions a non-
endodontically treated tooth, was obturated
with permanent root canal filling material
immediately before apicoectomy. Control
group samples consisted of healthy gingiva,
which was removed as excess during third
molar extractions (23-25). These samples
were characterized as healthy tissues on
histopathological examination and as such
were included in the control group (n=40).

Inflammation Intensity

FFPE tissue sections were sliced at 3-5 pm,
stained with hematoxylin and eosin, and
screened by a pathologist who was blinded
to the clinical data. Intensity of inflamma-
tion was semi-quantitatively determined
as follows: 1 is a mild inflammation that is
found in 1/3 of the field of view; 2 is an in-
termediate inflammation where the inflam-
matory infiltrate is found in 2/3 of the field
of view; and 3 is a severe inflammation that
is found in more than 2/3 of the field of view.

Lesion Area Measurements

The size of the periapical lesions was based
on radio-graphical findings and measured in
mm? (largest diameter (mm) x largest root
to border distance). Lesions with a diameter
larger than 10x10 mm were radiographically
classified as cysts, while smaller lesions were
classified as granulomas. All samples were
confirmed histologically.
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RNA Isolation and Reverse Transcription

RNA isolation and ¢cDNA synthesis were
conducted according to the manufacturer’s
protocol using a RNeasy Mini Kit (Qiagen,
Germantown, MD, USA) and High Capacity
cDNA Reverse Transcription Kit (Life Tech-
nologies, Carlsbad, CA, USA), respectively.
The quantity of isolated RNA was measured
for each sample with a spectrophotometer
by measuring absorbance at 260 nm in ng/ul
(BioSpec nano-UV-VIS Spectrophotometer,
Shimadzu Scientific Instruments). Besides
measuring the absorbance at 260 nm, the
absorbance at 280 nm and 230 nm was
measured to obtain the applicable ratios
A260/280 nm and A260/230 nm, which is
important for identification of purity of the
isolated RNA. DNase treatment was not
used.

Real-time PCR

All qPCR reactions were carried out
on Stratagene Mx3005p qPCR (Agilent
Technologies, Santa Clara, USA) using
SYBR Green chemistry (Life Technologies,
Carlsbad, USA). PCR conditions were: 95°C
for 20 seconds and then 40 cycles of 95°C
(3 seconds) and 60°C (30 seconds), followed
by the standard denaturation curve. The
sequences of human primers for ep300 and
CCL5 were obtained from Zimmermann,
Acosta, Kohlhase & Bartsch (2007) and Lu
et al. (2014), respectively (26, 27).

Primers for CCL5 were: Forward,
CATATTCCTCGGACACCACAC, Reverse,
CTTTCGGGTGACAAAGACGAC.
Primers for ep300 were: Forward,
CCAGGAGGCAGAGGTTGTAG, Reverse,
AGCATCCCACAGGCCTCTAT. Fast
SYBR® Green PCR Master Mix (Applied
Biosystems, Foster City, California, USA),
200 nmol/l specific primersand 1 ul of cDNA
were used in each reaction. Expression data
were normalized to the geometric mean of
the housekeeping gene SDHA (14) .
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Ethics Statement

The study protocol was approved by the
Ethical Committee of the Faculty of Dental
Medicine of the University of Sarajevo (No:
01-4-216-9/2017). All procedures performed
in studys involving human participants were
in accordance with the ethical standards of
the institutional and/or national research
committee and with the 1964 Helsinki Dec-
laration and its later amendments, or com-
parable ethical standards. Informed consent
was obtained from all individual partici-
pants included in the study.

Statistical Analysis

Delta Ct (ACt) values were calculated as the
difference between the Ct value of the sam-
ple and Ct of the standard. For comparison
of CCL5 and ep300 ACt values, a Pair Wise
Fixed Reallocation Randomization Test was
performed using REST software (Relative
Expression Software Tool) (28). Spearman’s
coefficient correlation and logistic regres-
sion analysis were used to correlate gene ex-
pression on periapical granuloma or radicu-
lar cyst development. ROC (Receive Oper-
ating Characteristic) and AUC (Area Under
the Curve) were estimated to evaluate the
criteria validity of ACt values and to find
qPCR analysis diagnostic reliability (sensi-
tivity and specificity), respectively. MedCalc
software v. 17.2 (MedCalc Software, Mar-
iakerke, Belgium) was used for these analy-
ses. A significance level of 5% was used to
determine statistical differences.

Results

Macroscopic and histopathological exam-
ples of analysed samples (radicular cyst and
periapical granuloma) are shown in Figure
1. Gene expression analysis of CCL5 and
ep300 genes was analysed in 50 granulomas,
59 cysts, and 40 control samples of healthy

gingiva. After RNA isolation and qPCR re-
action, 14 qPCR reactions were unsuccess-
ful and were excluded from the analysis. In
addition, 13 samples were excluded from
the analysis because they originated from
the same patients. Thus, 27 samples were ex-
cluded from the final analysis. The remain-
ing 122 samples were statistically analysed
(84 periapical inflammatory lesions and 38
controls).

The comparisons were made between
granuloma vs. control, cyst vs. control,
[granuloma and cyst] vs. control, and cyst
vs. granuloma (Figure 2 and Figure 3). A
statistically significant increase was ob-
served in the following comparisons: ep300
expression in [granuloma and cyst] vs.
control (ratio=2.475; P=0.001) and CCL5
expression in [granuloma and cyst] vs.
control (ratio=2.113; P=0.002). Compar-
ing granulomas vs. controls, both markers
showed a statistically significant increase in
expression- ep300 (expression ratio=2.885;
P=0.000) and CCL5 (expression ratio=2.397;
P=0.005). Similar expression profiles were
observed when comparing cysts vs. controls,
and an increase in expression of CCL5 (ex-
pression ratio=1.904; P=0.008) and ep300
(expression ratio=2.180; P=0.003) was ob-
served. No significant differences were ob-
served when comparing the expression of
CCL5 and ep300 in radicular cysts vs. peri-
apical granulomas.

Regarding any potential correlation be-
tween CCL5 and ep300 expression with the
intensity of inflammation, neither of the two
markers showed any statistically significant
correlation (CCL5 rho=0.141, P=0.2881;
ep300 rho=-0.00665, P=0.9601). We as-
sumed that the smaller lesions would have
higher CCL5 expression because this gene
was originally bioinformatically identified
in granulomas. Correlation of CCL5 expres-
sion and lesion surface area in mm?* was
conducted and a statistically significant neg-
ative correlation was found between CCL5
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Figure 1. Intraoperative finding of a radicular cyst after raising the mucoperiosteal flap and removal of the thin
bone lamella (a). Macro view of an enucleated cyst (b). Radicular cyst microscopic features: connective tissue
wall infiltrated by chronic inflammatory cells, epithelial lining-stratified squamous non-keratinized epithelium
(HE, X200) (c). Clinical appearance of granuloma on the lower left first molar (d). Chronic non-specific granulation
tissue of periapical granuloma (HE, X400) (e). Healthy gingival tissue without signs of inflammation (HE, X250) (f).

Figure 2. (A) CCL5 ACt values in cysts (n=46), granulomas (n=38) and control (n=38) sample groups. ACt for each
sample was calculated as the difference between the Ct values of CCL5 and SDHA as the standard. Values are
presented as mean + standard error of the mean. (B) CCL5 expression ratios between granuloma vs. control, cyst
vs. control, granuloma and cyst vs. control and cyst vs. granuloma. *Above indicates a statistically significant
difference in expression ratios (P<0.05).
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Figure 3. (A) ep300 ACt values in cysts (n=46), granulomas (n=38) and control (n=38) samples. ACt for each sam-
ple was calculated as the difference between the Ct values of ep300 and SDHA as the standard. Values are pre-
sented as mean * standard error of the mean. (B) ep300 expression ratios between granuloma vs. control, cyst
vs. control, granuloma and cyst vs. control and cyst vs. granuloma. *Above indicates a statistically significant
difference in expression ratios (P<0.05). **Above indicates a strong statistical significance in expression ratios
(P=0.001).

Figure 4. The correlation between ACt values for CCL5 and surface area. The surface area
was between 4 and 800 mm?2 Considering that a smaller ACt value implies greater gene
expression, this result indicates that a greater expression of CCL5 marker is followed by a
smaller surface area.
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Figure 5. Sensitivity and specificity analysis of qPCR results for CCL5 and ep300 markers. A ROC curve (Receiver
Operating Characteristic) was used to estimate for (A) CCL5 and (B) ep300. The AUC (Area Under the Curve) was
obtained to determine the diagnostic reliability of gPCR analysis.

expression and lesion size, as hypothesized
(CCL5 rho=-0.234, P=0.0320) (Figure 4).

Regarding ep300, we assumed that larger
lesions would have higher expression of the
ep300 gene because it was bioinformati-
cally identified in cysts. No statistically sig-
nificant correlation of lesion surface area
and expression of ep300 was found (ep300
rho=0.00760, P=0.9453).

ROC (Receiver operating characteristic)
and logistic regression analyses were used
to establish the diagnostic character of ACt
values. Both CCL5 and ep300 genes were
diagnostically distinct when comparing the
control group and individuals with radicular
cysts and periapical granulomas (Figure 5).
For CCL5, ROC analysis showed good di-
agnostic accuracy (AUC=0.708; SE=0.0513;
95% CI=0.619-0.787; P=0.0001). The cut-
off value was 1.745, maximum sensitivity
was 65.48%, and specificity was 76.32%, as
shown in Figure 5. The same analysis for
ep300 showed good diagnostic accuracy
(AUC=0.722; SE=0.0484; 95% CI=0.634-
0.799; P=0.0001). The cut-off value was
3.325, maximum sensitivity was 52.38% and

specificity was 86.84%. Neither ROC nor lo-
gistic regression analysis indicated any dif-
ference between radicular cysts and periapi-
cal granulomas (data not shown).

Discussion

One of the new trends in dentistry research
is the identification of so-called “leader
genes” that are important for the develop-
ment of various oral diseases. Bioinformat-
ics, which as a theoretical discipline imple-
ments information technology in the field
of molecular biology, has this indisputable
role. Bioinformatics brings together knowl-
edge from various health disciplines and
combines this with computer science, bio-
statistics, engineering and information tech-
nologies. By elaborating and analysing data
from many databases, this discipline helps
in scientific research work, e.g. in setting up
research hypotheses etc. Bioinformatics has
a special significance for dental research in
the field of oral pathology. Today, there is a
huge amount of information from this area
that is processed by bioinformatic methods.
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This is a great help for scientists, especially
in finding new ideas for experimental re-
search. Bioinformatics itself is not enough
and has many deficiencies, but in combina-
tion with experimental research it becomes
a significant tool in studying the molecular
pathogenesis of the disease. So, we used
the research of Poswar et al. as a guide in
our own research. In other words, bioinfor-
matically identified genes (CCL5 and ep300)
were experimentally tested on our own sam-
ples (29, 30).

For everyday clinical practice, it is essen-
tial to differentiate between periapical gran-
ulomas and radicular cysts (3). Therefore,
investigation of potential specific markers
for differentiation between granulomas and
cysts is clinically important.

Poswar et al. (2015) conducted a bioin-
formatics study aimed at identifying poten-
tial gene candidates as biomarkers for differ-
entiation between radicular cysts and peri-
apical granulomas (15). The authors named
these genes ‘leader genes’ that could poten-
tially differentiate between these two lesions.
For radicular cysts, the suggested leader
genes were TP53 and ep300, whereas peri-
apical granulomas were associated with IL-
2RG, CCL2, CCL4, CCL5, CCRI, CCR3, and
CCR5 genes. In this study, we examined the
expression of ep300 and CCL5 in our cohort
that consisted of 38 granulomas, 46 cysts and
38 controls. In our study, the control gingi-
val samples were excess material obtained
after surgical wisdom tooth removal. Some
studies use periodontal ligament as controls,
but many studies use normal tissue (healthy
gingiva) as the proper control (9, 10, 23, 24,
31). There are studies that use pulp tissue of
impacted wisdom teeth as the control (32).
There are even studies that use non-oral tis-
sue as control, such as placental tissues (8).
Our results showed that periapical lesions
have increased expression of both CCL5 and
ep300 compared to the controls. However,
we did not find any differences in CCL5

and ep300 expression between granulomas
and cysts. We found a significantly negative
correlation between CCL5 expression and
lesion size; in other words, the smaller the
lesion, the higher the CCL5 expression.

CCL5 codes for a chemokine, that is
8kDa protein, with a function in the im-
mune system. It is expressed by T lympho-
cytes (CD4 and CD8) and NK cells. Another
name for this gene is RANTES that stands
for ‘regulated on activation, normal T cell
expressed and secreted’. It plays an active
role in recruiting leukocytes into inflam-
matory sites and it induces the proliferation
and activation of NK cells. Increased CCL5
expression has been linked to a wide range
of inflammatory disorders and pathologies,
such as AIDS (33). Expression of CCL5 has
also been implicated in osteoclast recruit-
ment (34, 35). Additionally, CCL5 was re-
ported to play a role in the differentiation
of multinuclear osteoclast-like cells to active
osteoclasts (36). Chemokines are likely to be
involved in the expansion of odontogenic
cysts.

Several studies have analysed the CCL5
protein and transcript levels in periapical in-
flammatory lesions. Marton et al. (2000) im-
munohistochemically detected CCL5 pro-
tein in 6 granulomatous periapical granulo-
mas (37). Silva et al. (2005) analysed tran-
script levels in 15 granulomas, 5 cysts and 3
healthy gingiva controls, where they showed
a significantly higher expression of CCL5 in
cysts compared to granulomas (38). In our
study, however, we did not detect any differ-
ence in CCL5 expression between granulo-
mas and cysts.

ep300 is an epigenetic transcriptional co-
activator that functions as a histone acetyl-
transferase (22, 39). Its expression is limited
to blood cells including myeloid lineage cells,
monocytes, T cells (CD4 and CDS8), and
dendritic cells. It activates HIF1A (hypoxia-
inducible factor 1 alpha), which is a master
transcriptional regulator of cellular and de-




velopmental response to hypoxia (40-42).
The critical regulatory roles of acetyltrans-
ferases in inflammation have been reviewed
by Ghizzoni, Haisma, Maarsingh & Dekker
(2011) (43). Kim et al. (2016) showed that
ep300 mediated acetylation of H3K18 in
osteoclastogenesis (44). Our study showed
for the first time that ep300 expression was
increased in periapical lesions, although no
differences were found between different le-
sion types.

Taking into consideration the fact that
radicular cysts are usually larger than gran-
ulomas, our aim was to investigate if there
were any significant differences in the ex-
pression of ep300 and CCL5 between these
two types of periapical lesions. According
to Poswar et al. (2015), it was expected that
granulomas, as the smaller lesions, would
show higher expression of CCL5, while cysts
would show higher expression of ep300 (15).
Our study confirmed the first hypothesis re-
garding the CCL5 expression in smaller le-
sions. The expression of ep300 could not be
correlated with lesion size.

Conclusion

The results of this study suggest that CCL5
and ep300 have a role in periapical lesion
pathogenesis. We found that both CCL5 and
ep300 were diagnostically distinctive when
comparing the control group and individu-
als with periapical lesions, but they could
not be used in distinction between granulo-
mas and cysts.

What Is Already Known on this Topic

Most common periapical inflammatory lesions localized in hu-
man jaws are periapical granulomas and radicular cysts. These
lesions are triggered by bacterial infection of the root canal
and have the same origin. The golden standard to differentiate
periapical granulomas from radicular cysts is histopathologi-
cal evaluation. There have been some attempts to find possible
biomarkers that could help clinicians to make preclinical di-
agnoses which could lead to better therapy options. A bioin-
formatic study (Poswar et al., 2016) has attempted to do this,
with the aim of identifying genes that could serve as markers
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for differentiation between granulomas and cysts. This study
recommended two genes, CCL5 and ep300, as leader genes in
the differentiation between periapical granulomas and cysts,
respectively.

What this Study Adds

According to our knowledge no one has analyzed the expres-
sion of of CCL5 and ep300 genes in periapical inflammatory
lesions. Poswar et al. conducted a bioinformatical study where
they identified potential leader genes for differentiation be-
tween most common periapical lesions. For RCs, the suggested
leader genes were TP53 and ep300, whereas PGs were asso-
ciated with IL2RG, CCL2, CCL4, CCL5, CCRI, CCR3, and
CCR5 genes. In our study, we tested the results of the above
mentioned bioinformatics study where we proved that ep300
cannot be considered diagnostically distinctive for cysts and
CCL5 for granulomas. .
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