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Abstract

Periapical periodontitis is caused by polymicrobial infection. Treatment with

antibacterial agents is normally performed to eliminate bacteria from root canals;

however, tooth extraction is often selected if root canal treatment does not work well.

Therefore, bacteria and other microorganisms could be involved in this disease. Recently,

Epstein-Barr virus (EBV) was detected in periapical periodontitis lesions; however,

evidence for EBV infection has not been fully examined. EBV stays in latency after

infection, and is reactivated by n-butyric acid, which is a metabolic product from some

bacterial species. This suggests that latent EBV could be reactivated by association with

the bacteria in periapical lesions. To elucidate the role of EBV on the pathogenesis of the

periapical lesions, periapical granulomas were examined for EBV and Porphyromonas

endodontalis (one of periapical periodontopathic bacteria). Surgically-removed

periapical lesions were obtained and divided into two portions. One was prepared as

paraffin sections and pathologically-examined using hematoxylin-eosin stains. Only 50

of 63 lesions were periapical granulomas and were examined further. The other portion

was used for DNA extraction to detect EBV and P. endodontalis using real-time PCR.

EBV DNA was detected in 38 of 50 periapical granulomas (76.0%), and the median

number of EBV DNA copies was approximately 6,634.00 /ug total DNA; whereas, EBV



DNA was not detected in healthy gingival tissues (n = 10). P. endodontalis was detected

in 32 of 50 periapical granulomas (64.0%) and in 5 of 10 healthy gingival tissues (50%).

Paraffin sections were also analyzed by in situ hybridization to detect EBV-encoded

small RNA (EBER)-expressing cells. EBER was detected in the cytoplasm and nuclei of

B lymphocytes and plasma cells in six of nine periapical granulomas, but not in healthy

gingival tissues. In addition, immunohistochemical analysis for latent membrane protein

1 (LMP-1) of EBV using serial tissue sections showed that LMP-1-expressing cells were

localized to the same areas as EBER-expressing cells. The culture supernatant of

P. endodontalis was quantified using ion-exclusion high-performance liquid

chromatography and the concentration of n-butyric acid was 23.38 + 3.67 mM (n = 5).

Daudi cell line was then treated with commercially available n-butyric acid or culture

supernatants of P. endodontalis and the expression of immediate early gene BZLF1

mRNA, known as the marker of EBV reactivation was detected in a time-dependent

manner in the culture supernatant. These data suggested the possibility that B

lymphocytes and plasma cells in periapical granulomas are the major source of EBV

infection and latent EBV could be reactivated by P. endodontalis in periapical

granulomas. These findings are consistent with a hypothesis suggesting that reactivated

EBV could play a pivotal role in controlling immune cell responses in periapical



granulomas.

This article was prepared using the original article “Epstein-Barr Virus Infection in

Chronically Inflamed Periapical Granulomas” (Kosuke Makino, Osamu Takeichi,

Keisuke Hatori, Kenichi Imai, Kuniyasu Ochiai, Bunnai Ogiso, PLoS ONE 10(4),

e0121548, 2015) with the additional data on EBV reactivation in periapical granulomas.

Introduction

Periapical periodontitis is characterized by supporting tissue damage and progressive

alveolar bone resorption around the apical areas of affected teeth (1). It is caused by a

mixed bacterial infection in the oral cavity, and dental caries is thought to be a major

source of this infection (2). Periodontopathic bacteria such as Porphyromonas gingivalis,

Fusobacterium nucleatum, and Eubacterium species are microbiological research foci in

dentistry because they produce lipopolysaccharide (LPS), a strong virulence factor (3).

A local drug delivery system using a combination of three antibiotics (minocycline,

ciprofloxacin, and metronidazole) has been reported to eliminate periodontopathic

bacteria through root canals and to be effective for the treatment of patients with

periapical periodontitis (4). Nevertheless, some patients are not healed following the

application of antibiotics; such cases of chronic inflammation are referred to as persistent



periapical periodontitis (5), suggesting that antibacterial drug-resistant microorganisms

such as viruses or fungi could be present in the periapical lesions. Unfortunately, tooth

extraction is often planned for the treatment of these patients. Thus, more effective

pharmacological therapies must be developed to preserve teeth.

Epstein-Barr virus (EBV) is an oncogenic herpesvirus that infects a significant

percentage (> 90%) of the population worldwide and is the causative agent of infectious

mononucleosis (6). It is detected frequently in Burkitt’s lymphoma, Hodgkin’s disease,

and T-cell lymphoma. Thus, EBV has been implicated in the pathogenesis of several

malignancies. EBV infection induces the expression of proinflammatory

cytokines, such as tumor necrosis factor (TNF)-a, interleukin (IL)-1p, IL-8,

IL-10, IL-12 and IL-17 (7-9). Therefore, EBV could be associated with both

carcinogenesis and pathogenesis in local inflammation.

A correlation between EBV infection and rheumatoid arthritis (10) and Sjogren

syndrome (11) has also been shown. These observations suggest that EBV infection in

periapical periodontitis could be related to tissue injury and cell damage.

Recently, the presence of EBV in periapical lesions has been examined by

immunohistochemistry for EBV nuclear antigen (EBNA) or PCR (12-14); however,

direct evidence of EBV infection in periapical lesions has not been examined yet. /n situ



hybridization (ISH) for EBV-encoded small RNA (EBER) and immunohistochemistry

for latent membrane protein 1 (LMP-1) of EBV were performed to identify EBV

infection. EBER is expressed in latent EBV-infected cells and can be used as a target for

the detection of EBV-infected cells in tissues (15).

EBYV shows latency after infection. During latent EBV infection, immediate

early gene BZLF-1 is expressed with substantial stimuli (16). BZLF-1 is a regulator for

productive replication of EBV. Thus, the expression of BZLF-1 mRNA plays a pivotal

role in controlling EBV replication and is most likely associated with the pathosis of

periapical periodontitis.

It has been shown that BZLF-1 is expressed by EBV-infected B-lymphocytes in the

presence of n-butyric acid (17). Butyric acid is a saturated, short chain fatty acid (SCFA)

with a 4-carbon acid and has a structural isomer called iso-butyric acid. Butyric acid is

produced through fermentation by obligate anaerobic bacteria; therefore, periapical

lesions might be a reservoir of n-butyric acid, suggesting that BZLF-1 expression could

be upregulated by the association with n-butyric acid in periapical lesions.

Porphyromonas endodontalis is a black-pigmented, gram-negative anaerobe related

to endodontic infections and pulp necrosis (18). The colonization of P. endodontalis

causes periapical lesions with acute symptoms, such as pain and swelling in response to



purulent inflammation (19). Similarly, P. endodontalis induces inflammatory cytokines

with stimulation by LPS (20), and causes subsequent bone resorption (21). Therefore,

P. endodontalis is important in mediating periapical pathosis and, more importantly,

could be a major target.

This study examined the evidence of EBV infection in periapical granulomas, and

whether latent EBV is reactivated by P. endodontalis.

Materials and Methods

Patients

In total, 63 patients (22 males and 41 females; age range 24-78 years), who were

referred to the Department of Endodontics at Nihon University School of Dentistry

Dental Hospital (Tokyo) because of persistent periapical periodontitis were included in

this study. The clinical symptoms of the patients included an absence of throbbing pain,

pain on palpation of the mucosa around the root apex, and percussion pain. An apparent

radiolucency was seen around the root apex of all teeth (Fig. 1A). Endodontic

treatments had been applied several times by general practitioners; however, the patients

were still experiencing symptoms. Therefore, endodontic surgery (apicoectomy and

retrograde filling) was selected. Patients had no systemic diseases, and antibiotics have



not been taken during the previous 6 months. This study was approved by the ethics

committee of Nihon University School of Dentistry, based on the Declaration of

Helsinki. Before sample collection, the experimental design, risks, and potential for

discomfort were explained fully, and all patients signed consent forms. Healthy gingival

tissues were obtained at the time of extraction of impacted wisdom teeth from 10

patients (5 males and 5 females; age range 15-41 years), who were referred to the

Department of Oral Surgery. These patients had no clinical symptoms, such as pain or

swelling, and an X-ray examination did not indicate inflammation.

Pathological Examination of the Samples

The periapical lesions (Fig. 1B) and healthy gingival tissues, which were removed from

the patients at the time of surgical treatment, measured approximately 0.82 and 0.44 cm

in diameter, respectively. The tissues were fixed immediately in acetone and then

embedded in paraffin. Serial tissue sections (7 um in thickness) were prepared. A

pathological examination of the specimens was performed after hematoxylin and eosin

staining. Sectioned areas were selected randomly, and at least three different regions in

each sample were examined. The sections were investigated using a light microscope

(Olympus BH-2, Tokyo, Japan). Periapical granulomas and healthy gingival tissues,



which were confirmed pathologically, were utilized for the following studies.

Quantitative Analysis of the EBV DNA Copy Number

EBV in the periapical granuloma and healthy gingival tissue samples was detected
quantitatively using real-time PCR. In brief, DNA was extracted from paraffin sections of
periapical granulomas or healthy gingival tissues using a QIAamp DNA Mini Kit
(Qiagen, Hilden, Germany). In total, 40 ng of each DNA sample was amplified in a 25-pul
reaction mixture containing SYBR Premix Ex Taq (Takara Bio Inc., Shiga, Japan) and 20
UM each of the sense and antisense PCR primers for EBV. The sequences of the primers
were: 5’-TGCTTCGTTATAGCCGTAGT-3’ (reverse) and: 5’-CCTGGTCATCCTTTG
CCA-3’ (forward). Amplification was conducted in 40 cycles of 95°C for 15 s and 60°C
for 60 s using a Smart Cycler (Cepheid, CA, USA). For the preparation of a standard
curve to determine the EBV DNA copy number, a 10-fold serial dilution of a known
quantity of EBV DNA (approximately 1 x 10° copies/ul) was prepared. Each diluted
DNA sample was amplified using real-time PCR alongside the DNA extracted from the
specimens. A standard curve was prepared using semi-log graphs, and the EBV DNA

copy number in the specimens was calculated.



ISH to Detect EBER-Expressing Cells

ISH using EBER-specific probes was employed. Periapical granulomas (n = 9),

contained more than 6,650 EBV DNA copies, which were determined using quantitative

real-time PCR, were examined. In brief, deparaffinized sections were digested with

proteinase K for 30 min and then hybridized with hapten 5-carboxy-fluorescein-labeled

15-nucleotide single-stranded DNA probes for EBV (Dako, Glostrup, Denmark) at 55°C

for 90 min. After a stringent wash with 0.5x SSC, horseradish peroxidase-conjugated

anti-FITC rabbit polyclonal antibodies (Dako) were incubated with the mixture for 30

min. Finally, a colorimetric reaction using 3,3'-diaminobenzidine (DAB; Vector

Laboratories, CA, USA) was performed, followed by counterstaining with hematoxylin.

EBER expression in periapical granulomas was compared with healthy gingival tissues

(n = 5). Tissue sections of human malignant lymphomas were used as a positive control

for EBER ISH. The negative control constituted hybridization without the addition of the

EBER probe.

Immunohistochemical Analysis

To examine the localization of LMP-1-expressing cells, periapical granulomas (n = 6)

confirmed for EBER mRNA expression by ISH and healthy gingival tissues (n = 5) were



investigated. Serial paraftin sections of EBER-positive specimens were analyzed. In brief,

the paraffin sections were deparaffinized, rehydrated, and incubated with 0.3% H,0, in

methanol for 30 min to quench endogenous peroxidase. The sections were incubated first

with 10% normal horse serum (Vector Laboratories) to block non-specific binding for 20

min, followed by human LMP-1 monoclonal antibodies (1:100 in PBS; Dako), followed

by biotinylated anti-mouse IgG antibodies (Vector Laboratories), and finally with

avidin-biotin peroxidase complex. To reveal LMP-1-positive cells via color development,

the horseradish peroxidase substrate (DAB) was used, and hematoxylin counterstaining

was performed. Normal mouse IgG antibodies (Cayman Chemical, MI, USA) were used

as a negative control in place of anti-LMP-1 antibodies.

Bacterial Strain and Culture Conditions

P. endodontalis (JCM8526) was purchased from Japan Collection of Microorganisms

(RIKEN BRC, Ibaraki, Japan). P. endodontalis was cultured in Gifu Anaerobic Medium

(GAM) broth (Nissui, Tokyo, Japan) with hemin (5.0 ppm) and menadione (0.5 ppm) for

5 days at 37°C in anaerobic conditions (5% CO,, 10% H; and 85% N,, Model 1024,

Forma Scientific, Marietta, OH)
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Quantitative Detection of P. endodontalis using Real-time PCR

P. endodontalis was detected quantitatively using real-time PCR. The same DNA
samples as in the detection study of EBV DNA (periapical granulomas and healthy
gingival tissues) were used. The following PCR primers were used:
5’-GCTGCAGCTCAACTGTAGTCTTG-3’ (forward),
5’-TCAGTGTCAGACGGAGCCTAGTAC-3* (reverse). PCR amplification was
performed with SYBR Premix Ex Taq in 40 cycles of 95°C for 15 s and 60°C for 60 s
using Smart Cycler. To set up the standard curve, a 10-fold serial dilution of a known
quantity of P. endodontalis gene (approximately 1 x 10 cells/ml) was prepared. Each
diluted DNA sample was amplified using real-time PCR alongside the DNA extracted
from the specimens. A standard curve was prepared using semi-log graphs and the

number of P. endodontalis in the specimens was calculated.

Quantitative Analysis of n-Butyric Acid in P. endodontalis Culture Supernatants

The culture supernatant of P. endodontalis was collected and n-butyric acid was
quantified using ion-exclusion high-performance liquid chromatography (HPLC), as
described previously (22). In brief, the supernatant was mixed with 12% perchloric acid
and was filtered using cellulose acetate membrane filter (CosmoniceFilter W, pore size;

0.45 um, Nacalai tesque, Kyoto, Japan). The supernatant was injected into SIL-10
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autoinjector (Shimadzu, Kyoto, Japan). n-Butyric acid was separated using a serial
organic acid column with a guard column with isocratic elution of p-toluene sulfonic acid

aqueous solution and was detected with an electronic conductivity detector.

Detection of BZLF-1 mRNA Expression using Real-time PCR

Daudi cell line (EBV-positive human B lymphoblastoid cell line) was cultured using
RPMI-1640 culture medium (Sigma, MO, USA) with 10% FBS and 1%
penicillin-streptomycin at 37°C. The cells (2 x 10° cells/well) were seeded into a
12-well culture plates. After 4 h, the cells were treated with n-butyric acid (Wako,
Osaka, Japan; 1.0 mM) for 48 h or the supernatants of P. endodontalis (1.2 mM)
for 3, 6, 12, and 24 h. Total RNA was extracted using RNeasy Mini Kit (Qiagen),
according to the manufacturer's instructions, followed by treatment with QIA
shredder (Qiagen). RNA was reverse-transcribed using PrimeScript RT reagent kit
(Takara Bio Inc.) and the complimentary DNA was amplified by real-time PCR
using SYBR Premix Ex Taq. The sequence of PCR primers was as follows:
BZLF-1 forward, 5'-CCATACCAGGTGCCTTTTGT-3"

BZLF-1reverse, 5'-GAGACTGGGAACAGCTGAGG-3;

GAPDH forward, 5'-GCACCGTCAAGGCTGAGAAC-3';

12



GAPDH reverse, 5'-ATGGTGGTGAAGACGCCAGT-3".

The amplification protocol of BZLF-1 and GAPDH was 40 cycles of 95°C for 5 s, 60°C

for 20 s and 30 cycles of 95°C for 5 s, 60°C for 20 s, respectively. After amplification,

BZLF-1 message was divided by the message of GAPDH to normalize PCR

amplification.

Statistical Analysis

Statistical analysis was performed using SPSS version 15.0 for Windows (SPSS, IL,

USA). The comparison of EBV detection between periapical granulomas and healthy

gingival tissues was made using a Mann-Whitney U-test. Experiments using Daudi cell

line were statistically analyzed using Student’s #-test and Dunnett’s test. A statistical

difference was considered at p < 0.05.

Results

Pathological Examination of the Samples

Surgically-removed periapical lesions were examined pathologically. Among the 63

periapical lesions stained with hematoxylin and eosin, 50 exhibited granulomatous

tissues with large numbers of microvessels and inflammatory cells such as
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polymorphonuclear leukocytes (PMNs), lymphocytes, plasma cells, and macrophages

(Fig. 2A). No epithelial cells were observed, and the specimens were diagnosed as

periapical granulomas. The remaining periapical lesions exhibited an epithelial cell lining

with cholesterol clefts in granulomatous tissue and were diagnosed as radicular cysts (Fig.

2B); these were not used in this study. The healthy gingival tissues contained more

collagen fibers and fewer inflammatory cells in the granulomatous tissue than periapical

granulomas (Fig. 2C).

Quantitative Analysis of EBV DNA Copy Numbers

DNA extracted from periapical granulomas and healthy gingival tissues was amplified

using real-time PCR with EBV-specific primers. A standard curve was prepared after

PCR amplification using serially diluted EBV DNA (as shown in Fig. 3A) and PCR was

performed at the same time as the amplification of DNA from periapical granulomas and

healthy gingival tissues. Among the 50 periapical granulomas, 38 specimens (76.0%)

exhibited the presence of EBV (Table 1). The median EBV DNA copy number was

approximately 6,634.00 /ug total DNA (Fig. 3B). In contrast, EBV DNA was not

detected in the healthy gingival tissues. A statistical analysis demonstrated that the EBV

detection rate in periapical granulomas was significantly higher than that in healthy
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gingival tissues (p = 0.0001).

ISH for EBER and Immunohistochemistry for LMP-1

In situ detection using EBER-specific probes was performed for periapical granulomas

and healthy gingival tissues. In total, six of nine periapical granulomas (66.7%) showed

positive expression of EBER (Fig. 4A-F). EBER localization was exhibited in the nucleus

and cytoplasm of B lymphocytes and plasma cells. In contrast, EBV-negative periapical

granulomas (Fig. 4G-I) and healthy gingival tissues (Fig. 4J) did not show EBER

positivity. No expression was detected using a sense probe for EBER (data not shown).

Immunohistochemistry for LMP-1 was also performed in periapical granulomas and

healthy gingival tissues. All of the EBER-positive periapical granulomas that were

confirmed by ISH showed positive staining for LMP-1 (Fig. 5A, B). LMP-1 was

expressed by B lymphocytes and plasma cells. In addition, EBER-expressing cells were

localized to the same areas as LMP-1-expressing cells, based on serial tissue sections (Fig.

5C, D). A negative control using normal mouse IgG antibody did not exhibit LMP-1

expression (Fig. SE, F). Healthy gingival tissues showed negative expression of LMP-1

(data not shown).
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Quantitative Detection of P. endodontalis using Real-time PCR

P. endodontalis DNA in periapical granulomas was detected using real-time PCR. In

all, 32 of the 50 periapical granulomas (64.0%) showed P. endodontalis. The

relationship between the presence of EBV and P. endodontalis was not observed in

each periapical granulomas (Fig. 6). In healthy gingival tissues, EBV DNA was

never detected; however, P. endodontalis was detected in 5 of 10 samples (50.0%)

(data not shown).

Quantitative Analysis of n-Butyric Acid in P. endodontalis Culture Supernatants

Culture supernatants of P. endodontalis were collected after 5 days of culture

(n = 5) and the concentration of n-butyric acid was measured using ion-exclusion

HPLC. The concentration of n-butyric acid produced from P. endodontalis was

23.38 £ 3.67 mM (data not shown).

Detection of BZLF-1 mRNA Expression using Real-time PCR

Daudi cell line was treated with n-butyric acid (1.0 mM) in 12-well culture plates for 48 h.

Cells were harvested and mRNA was then extracted, reverse-transcribed and amplified

by real-time PCR for BZLF-1. BZLF-1 mRNA expression in the treated cell lines was

significantly higher than untreated (Fig. 7A).
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Daudi cell line was also treated with the supernatants of P. endodontalis (1.2

mM) in 12-well culture plates for 3, 6, 12, and 24 h. After the indicated time, the

cells were harvested and BZLF-1 mRNA expression was detected by real-time

PCR. The expression level of BZLF-1 increased in a time-dependent manner (Fig.

7B).

Discussion

In this study, EBV was detected in 76.0% (38 of 50 samples) of periapical granulomas by

real-time PCR. The presence of EBV in periapical lesions has been examined by

immunohistochemistry for EBNA or PCR (12-14), and the EBV detection rate varied

from 54.6-85.7%. Possible reasons for the variation among previous studies include

differences in EBV detection methods, disease status, or regional features of EBV

infection. The EBV detection rates were relatively high compared with those in published

data. This study determined the EBV DNA copy numbers in periapical granulomas,

which have not yet been reported. The median EBV DNA copy number in periapical

granulomas was 6,634.00 /ug total DNA; in contrast, EBV was not detected in healthy

tissues. Therefore, EBV may be important in the initiation of periapical inflammation or

may prolong apical inflammation as a result of increasing tissue damage.
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EBYV causes systemic diseases such as infectious mononucleosis. On the other hand,

EBYV induces immune dysregulation by inhibiting the replication of stimulated peripheral

blood mononuclear leukocytes (23). In addition, it up-regulates proinflammatory

cytokines such as TNF-a, IL-1p, IL-6, IL-8, and IL-10 (24-26). IL-10 is produced by

T helper type-2 (Th2) lymphocytes, monocytes, macrophages, and B lymphocytes, and it

inhibits the production of cytokines such as IL-2 and interferon-y by Th1l lymphocytes

(27). Thl cytokines are important in controlling viral infections, and a shift in the

cytokine profile toward Th2 could be favorable for virus-induced inflamed lesions. Thus,

EBYV infection may play a role in not only systemic but also local, inflammatory disease.

In this study, EBV DNA was absent from healthy gingival tissues, suggesting that

elevated levels of EBV in periapical granulomas contribute to immune reactions in

periapical lesions, including tissue destruction and bone resorption. Those data also

indicate that local, inflamed lesions could be an EBV reservoir for systemic infections,

supplying the virus through the blood via microvessels in granulomatous tissues.

Although the presence of EBV in periapical lesions has been examined (12-14), it has

not been confirmed. In this study, EBER was detected in B lymphocytes and plasma cells

in periapical granulomas using ISH, whereas healthy gingival tissues did not show

EBER expression. Those data suggest that in periapical granulomas, these cells were
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infected with EBV because the presence of EBER is considered a reliable marker for the

existence of latent EBV in cells (15). EBER was also found to be expressed in the nucleus

and cytoplasm of cells. EBER expression has been detected in the nuclei of B

lymphocytes in gastric carcinoma or tonsillar tissues from patients with tonsillitis by ISH

(28, 29). However, Schwemmle et al. (30) demonstrated that EBER was located in both

the cytoplasm and nucleus of cells using ISH and confocal laser microscopy. EBER was

found to be secreted in a complex with La protein (31). Thus, EBER forms complexes

with cytoplasmic proteins and could localize to both the nucleus and the cytoplasm.

Immunohistochemistry using serial tissue sections demonstrated the presence of

LMP-1-expressing cells in the same regions as EBER-expressing cells, in accordance

with EBER ISH results. On the other hand, the EBER expression rate in periapical

granulomas was 66.7% for EBV-positive specimens confirmed by real-time PCR. The

reason for the lower detection rate by ISH could be that the sensitivity of ISH is lower

than that of real-time PCR.

The functional role of EBER in periapical granulomas is unclear; however, it has been

demonstrated that EBER induces transcription of cytokines, including IL-10, insulin-like

growth factor-1, and IL-9 (32-34). It also contributes to the pathogenesis of EBV

infection through modulation of innate immune signals (31). Therefore, EBER-induced

19



activation of innate immunity could account for immunopathologic diseases caused by

EBV infection and could influence the pathogenesis of EBV-induced diseases. In

addition, EBV-associated IL-10 expression has been detected in periapical lesions (35).

Thus, EBER could be associated with the pathogenesis of periapical granulomas by way

of subsequent immune activation.

Latent EBV is reactivated by the association with bacterial n-butyric acid, and

P. endodontalis was utilized in this study. The existence of P. endodontalis and EBV in

periapical granulomas was first determined by quantitative real-time PCR. The

percentages of P. endodontalis and EBV detection were 64.0% and 76.0%, respectively,

and the detection rate was similar to previous findings (36, 37). However, the

relationship between EBV and P. endodontalis was not observed in each periapical

granulomas. It could be that P. endodontalis was decreased by the calcium hydroxide

dressing during root canal treatments for long-term periods before endodontic surgery.

In healthy gingival tissues (n = 10), EBV DNA was not detected; however,

P. endodontalis was found in 5 patients. The reason for the detection of P. endodontalis

in healthy gingival tissues could be that the PCR technique is highly sensitive in

detecting gene expression. H-E stains of healthy gingival tissues showed considerably

fewer inflammatory cells compared with periapical granulomas, suggesting that
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P. endodontalis does not mediate inflammation in healthy gingival tissues.

To determine the potential of P. endodontalis to reactivate latent EBV, the

concentration of n-butyric acid in the culture supernatant of P. endodontalis was

determined using ion-exclusion HPLC. P. endodontalis produced n-butyric acid, and it

was hypothesized that P. endodontalis could reactivate latent EBV in periapical

granulomas.

It was still unclear whether n-butyric acid from P. endodontalis might reactivate

latent EBV. Therefore, the expression of BZLF-1, known as a potent marker of the EBV

reactivation, was examined using Daudi cell line. Daudi cell line was established from

peripheral blood obtained from Burkitt’s lymphoma patients and is well known as a

EBV-positive B-lymphoblastoid cell line. In this study, Daudi cell line was treated with

commercially available n-butyric acid or the supernatant of P. endodontalis, and BZLF-1

mRNA expression was examined using real-time PCR. BZLF1 mRNA expression of

Daudi cell line treated with n-butyric acid was clearly higher than untreated. In addition,

the expression level was up-regulated in a time-dependent manner when Daudi cell line

was treated with the supernatant of P. endodontalis. The data suggested the possibility

that latent EBV could be reactivated by n-butyric acid produced from P. endodontalis.

Reactivated EBV can enhance the expression of inflammatory cytokines by
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macrophages and induce chronic inflammation (38). It has also been hypothesized that

cytokine expression in periapical lesions could be correlated with the presence of EBV

(35). EBV stays in latency if BZLF-l mRNA is not expressed, suggesting that

inflammation could not be initiated or exacerbated if viral replication was inhibited. Thus,

a local drug delivery system using therapeutic agents to prevent BZLF-1 expression could

be useful as a novel endodontic treatment. Interestingly, the expression of BZLF-l mRNA

was inhibited by the application of L-arginine (39), suggesting that the lytic and latent

cycles of EBV might be controlled precisely with nitric oxide in inflamed areas. Further

animal studies might be beneficial to resolve these hypotheses.

Conclusions

In this study, the following results about the evidence of EBV infection in periapical

granulomas and suggests a mechanism for EBV reactivation were obtained.

1. EBV and P endodontalis were detected using real-time PCR in periapical

granulomas.

2. EBER, known as a reliable marker of EBV infection, and LMP-1 were detected at

B lymphocytes and plasma cells in periapical granulomas.

3. Latent EBV in Daudi cell line was reactivated by n-butyric acid produced from
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P. endodontalis.
On the basis of these observations, it is concluded that latent EBV infected in
periapical granulomas could be reactivated by P endodontalis and EBV

reactivation might exacerbate periapical pathosis.
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Table and Figures



Figure 1
Specimens used in this study. (A) X-ray observation of periapical lesions caused at lower incisal teeth.
Radiolucency around the apex showed alveolar bone resorption. (B) Periapical lesion surgically
removed from a patient showing at (A).



Figure 2
Histological evaluations of the specimens. Paraffin sections (n = 63) were stained using hematoxylin
and eosin. Scale bar = 100 um. (A) Periapical granulomas (n = 50) showing a large number of
inflammatory cells and microvessels. (B) Radicular cyst (n = 13) showing epithelial cell layer
and cholesterol clefts. (C) Healthy gingival tissues (n = 10) showing epithelial cell layer and lower
cell number of infiltrating cells in comparison with periapical granulomas.
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Figure 3
Quantitative real time PCR analysis. (A) Standard curve to determine the copies of EBV DNA
in specimens. EBV DNA (approximately 1x10° copies/pl) was diluted in ten-fold serially. Each
diluted DNA was amplified using real-time PCR simultaneously at the time of amplification
for DNA extracted from periapical granulomas and healthy gingivae. (B) Detection of EBV DNA
in periapical granulomas and healthy gingivae. The copy of EBV DNA in each specimen was
calculated using the standard curve. The median of EBV DNA copies in periapical granulomas was
approximately 6,634.00 per 1 ug of total DNA, as shown by a horizontal bar. ** showed statistical
difference using Mann-Whitney U test (p = 0.0001).



Table 1 Detection of EBV DNA using quantitative real-time PCR.

periapical granulomas (n = 50) healthy gingival tissues (n = 10) P-value
presence 38 (76.0%) 0 (0.0%) 0.0001%**
absence 12 (24.0%) 10 (100.0%)

Periapical granulomas and healthy gingival tissues were analyzed to detect EBV DNA

by quantitative real-time PCR. EBV DNA was highly detected from periapical granulomas
in comparison with healthy gingival tissues.

** Mann-Whitney U-test.



Figure 4
Detection of EBER using in situ hybridization. (A-F) In situ detection of EBER-expressing cells
in periapical granulomas (6 out of 9) was shown in the cytoplasm and nuclei of B lymphocytes
(arrows) and plasma cells (arrow heads). (G-I) Three periapical granulomas showed EBER-negative
expression. (J) Healthy gingival tissues never showed positive expression. Scale bar = 50 um.



Figure 5
LMP-1 immunohistochemistry using serial sections of periapical granulomas. Framed boxes
in left panels (A, C, E) were magnified to right panels (B, D, F, respectively). (A, B) LMP-1
immunohistochemistry showed positive staining in B lymphocytes (arrows) and plasma cells
(arrow heads). (C, D) EBER-expressing cells were present at the same area of LMP-1-expressing
cells. (E, F) A negative control using normal mouse IgG antibody did not exhibit LMP-1 expression.
Scale bar = 50um.
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7 29 31 33 35 37 39 41 43 45 47 49

Quantitative real-time PCR analysis to detect EBV and P. endodontalis. The detection of EBV (upper)
and P. endodontalis (lower) was shown. The percentage of the detection rate was 76.0% and 64.0% for
EBV and P. endodontalis, respectively.
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Figure 7
Expression of BZLF-1 mRNA in Daudi cell line using real time PCR. (A) BZLF-1 mRNA expression
of untereated and treated with commercially available n-butyric acid (1.0 mM). Statistical analysis was
performed using Student’s ¢-test (*p < 0.05). (B) BZLF-1 mRNA expression in Daudi cell line treated
with the supernatants of P. endodontalis (1.2 mM) for 3, 6, 12, and 24 h. The difference was statistically
analyzed by Dunnett’s test (*p < 0.05, vs untreated)
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