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Abstract
Introduction: Despite the important role of tissue - resident memory T (Tg,,) cells in immunity and pathology of mucosal
tissues, the study of tissue-resident memory T cells in periodontitis tissues has been limited.

Objectives: We investigated the presence of T, cells in periodontitis by staining their surface marker; CD103 and then
analyzed by flow cytometry. The production of IFN-Y and IL-17 by CD103+ and CD103- T was also investigated.
Materials and Methods: Human periodontal tissues were obtained from patients with severe chronic periodontitis.
Expression of CD103, IFN-Y and IL-17 was analyzed by 6-color flow cytometry.

Results: Majority of infiltrated T cells in periodontitis tissues were CD4+ T cells. Expression of CD103 was mainly detected
on CD8+ T cells. CD103+ and CD103- CD4+ T cells produced IFN-Y and IL- 17 whereas CD103+ and CD103- CD8+
T cells produced only IFN-Y.

Conclusions: Expression of CD103 was detected on CD8+ T cells and only minimal on CD4+ T cells. The ability of
CD103+ and CD103- T cells to produce IFN-Y and IL-17 suggests their possible role in periodontal inflammation and
bone resorption.
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Introduction in periodontal lesions. Seymour et al. (1979)" described

Periodontitis is @ common chronic inflammatory
disease of tooth supporting structure which includes
gingiva, cementum, periodontal ligament and alveolar
bone. The disease pathogenesis involves host immune
response to bacterial dental plague. Abundant of
adaptive immune cells such as T and B cells, are found
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a clinical transition from gingivitis (a mild/moderate form
of periodontal disease) to periodontitis (a severe form) is
associated with a change from a T cell-dominated lesion
to B cell and plasma cell- dominated lesion. High levels
of pro-inflammatory mediators and cytokines such as
interferon gamma (IFN-Y), tumor necrosis factor alpha
(TNF-OL), IL-1B, IL-17, receptor for activator of nuclear
factor kappa-B ligand (RANKL) have been observed in
periodontitis lesion.”
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It is now recognized that T cells population are
heterogeneous. T cell subsets include Th (T helper)1,
Th2, Th17, and Treg (regulatory T cells). Th1 cells
mediate predominantly cell-mediated immune response
to intracellular pathogens by secreting IFN-Y, IL-2 and
TNF-Y. Conversely, Th2 cells have a role in growth and
differentiation of activated B cells by secreting IL-4,
IL-5, IL-10 and IL-13.> Th1 cells were hypothesized to
associate with stable gingivitis lesion, while Th2 cells
were associated with progressive periodontitis lesion.”
However, some studies showed predominantly Th1
response over Th2 in diseased periodontal tissue® and
Th1 role in periodontal bone resorption.® At present, the
role of Th1 and Th2 cells in periodontal disease remains
in conflict. More recently, other Th subsets, including Th17
cells and regulatory T cells (Treg) have been observed in
periodontitis tissues. Th17 secretes IL-17 which promotes

"% \Whereas

periodontal inflammation and destruction.
Treg secretes IL-10 and TGF—B and oppositely against

Th17 cells by inhibiting inflammation and self-tolerance.’

Following positive and negative selection, T cells
are released from the thymus as mature naive T cells
harboring a given epitope specificity. In response to
cognate antigen encounter, naive T cells proliferate
and differentiate into effector cells, the vast majority of
which migrate to peripheral tissues and inflamed sites
to facilitate destruction of infected targets.’ Following
antigen stimulation, more than 95% of the effector cells
die while a small pool of T cells ultimately develops into
long-lived memory T cells." The memory T cells found
in blood can be divided into subsets based on the
differential expression of markers of migration, CD62L
and CCR7." In recent years, a new subset of memory
T cells that permanently reside in non-lymphoid tissues
has been identified; they are now widely referred to as

2" The mechanism

tissue-resident memory T (T,,) cells.
of T, cell retention in tissues is not precisely known.
Tay cells in mice, nonhuman primates and humans
express CD103 and CD69. The ligand for CD103,
E-cadherin, is expressed on epithelial cells suggesting
that the interaction of CD103 and E-cadherin may
contribute to maintaining the resident status of T,
in peripheral tissue.” Ty, provides superior protection
against viral infection relative to the circulating memory

T cell.®®

Evidences showed that T, play roles in
protection from infection in skin,' lungs,'” Gl tracts®
and vagina.”' Tew Cells can respond rapidly to pathogen
challenge at infected sites independently of recruitment

of T cells from the blood.” However, these cells have

also been reported in causing diseases such as psoriasis
and fixed drug eruption.” ** The immunopathology
of psoriasis is thought to be due to significant expression
of IL-17 and IL-22 by T, cells® whilst fixed drug eruption
involves in high expression of IFN-Y by Tg,,.*’

So far, there have been very limited studies
regarding the role of memory T cells in periodontal
disease. Early studies demonstrated that majority of T
cells in periodon-titis tissue expresses memory cell
phenotype. Preliminary flow cytometric analysis from our
laboratory revealed the presence of different memory T
cell subsets including stem cell memory T cells (Tg,,).
central memory T cells (T,,), effector memory T cells (Tg,,),
terminal effector memory T cells (T,,), and Ty, in periodontal
tissue, both in health and disease. Immunohistochemical
analysis showed that CD103+ T, cells were localized
in both epithelial layer and connective tissue. CD8'T
cells were mainly detected in epithelial layer, while
CD4" cells were mainly detected in connective tissue.
Further investigations are needed in order to understand
the function of periodontal tissue-resident memory
T cells in periodontitis in terms of their expression of
pro-inflammatory mediators/cytokines which involves in
tissue inflammation and bone destruction.

Objectives

The aim of this study was to analyze the expression
of pro-inflammatory mediators (IFN-Y and IL-17) by
Tew cCells isolated from periodontitis tissues using flow
cytometry.

Materials and methods
Reagents

Roswell Park Memorial Institute (RPMI)-1640 and
Dulbecco’s phosphate-buffered saline (DPBS) was
obtained from Gibco (Grand Island, NY, USA). Fetal calf
serum, collagenase, phosphate-buffered saline (PBS) and
Staphylococcal enterotoxin B (SEB) was obtained from
Sigma Chemical Co. (St. Louis, MO, USA).

Monoclonal antibodies

Fluorescence-conjugated mouse anti-human CD3,
anti-human CD4, anti-human CD8, anti-human CD103,
anti-IFN-Y and anti-IL-17 monoclonal antibodies and
mouse isotype control monoclonal antibodies were
obtained from BD sciences (San Jose, CA, USA).
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Subjects selection, periodontal tissue collection
and ethical consideration

Periodontitis tissue specimens were collected from
patients at Periodontal Clinic and Department of Oral
Maxillofacial surgery, Faculty of Dentistry, Chulalongkorn
University. The ethical approval by the ethics committee
of Faculty of Dentistry, Chulalongkorn University and
informed consent of all participating subjects was
obtained before the operation (ethical approval number
119/2016). Periodontal tissue samples were collected
from periodontitis subjects at the Periodontal Clinic or
Oral Surgery Clinic, Faculty of Dentistry, Chulalongkorn
University. Gingival tissues surrounding teeth with other
dental diseases such as pulpal diseases were excluded.
All subjects were in good general health and none of them
had taken antimicrobial or anti-inflammatory drugs within
the previous 3 months. Each subject had no history of
periodontal treatment in the past 6 months.

Periodontitis tissues were obtained from a site of
extracted teeth with hopeless periodontal prognosis24
(gingival inflammation, clinical attachment loss 5
millimeters or more and bone loss 50% of the root length
or more).

The excised periodontal tissue specimen (size
3 mm3) was immediately placed in a sterile tube that
contains RPMI-1640 medium and then transferred to the
laboratory within a few hours for further study.

Gingival cell preparation and flow cytometric
analysis

Tissues were washed thoroughly and cut into small
fragments (1 - 2 mm®). Then, they were incubated in 2 mg
/ ml of collagenase (Sigma Chemical Co.) for 90 minutes
at 37°C. Residual tissue fragments were disaggregated
by flushing several times with pipette to obtain single cell
suspensions and filtered through filter of mesh size 70 pm
and 40 um (Becton Dickinson).

Expression of cytokines in T cells isolated from
periodontitis tissues was determined. Intracellular
cytokine staining (ICS) including IFN-Y and IL-17 was
assessed on CD103" and CD103™ T cells. Gingival
cell suspensions from periodontal tissue specimens
were stimulated with SEB, a superantigen that triggers
polyclonal T cell activation and massive cytokine release
and sample with no stimulation served as negative
controls. The cells were stained with cell surface markers,
washed and treated with fixation/permeabilization solution
(BD Pharmingen) and then stained with mAbs against

cytokines. The stained cells were analyzed by flow
cytometry (BD FACSCelestaTM, Becton Dickinson).

Statistical Analysis

This was a pilot study and did not require statistical
analysis. Data were analyzed and were presented as
mean * SE.

Results

Determination of CD3, CD4, CD8 and CD103
positive T cells in periodontitis tissues by flow cytometry

Flow cytometric analysis of infiltrated immune cells
in periodontitis tissues (Fig. 1A) demonstrates that about
44% of lymphocytes were CD3+ T cells. Majority of T cells
were CD4+ T cells (53.83%), while 30% of them were
CD8+ T cells (Fig. 1B). The percentage of CD4+ T cells
that expressed tissue-resident marker, CD103 was low
(3.7%). However, greater percentage of cells expressing
CD103 was detected in CD8+ T cell population (27%).

Cytokine production of CD103" and CD103" T
cells in periodontitis

To investigate the cytokine profiles of CD103" and
CD103- T cells isolated from periodontitis, we assessed
the expression of IFN-Y and IL-17 using intracellular
cytokine staining following polyclonal stimulation with SEB.
Flow cytometry analysis in Fig. 2 shows no expression of
IFN-Y and IL-17 in control unstimulated samples, while
samples stimulated with SEB were able to produce both
cytokines. CD103" and CD103 CD4'T cells produced
either IFN-Y alone or IL-17 alone, whereas the production
of IFN-Y plus IL-17 was negligible. In contrast, CD103"
and CD103- CD8'T cells produced only IFN-Y, but
not IL-17. Greater proportion of CD4" and CD8'T cells
expressing CD103 produced more IFN-Y (1.7 -3.7 fold)
compared to those that had no CD103 expression.

Discussion

Large infiltration of lymphocytes is commonly
observed in periodontitis tissues. We detected more
numbers of CD4" T cells (54%) compared to CD8" T
cells (30%). These findings are consistent with results
from previous reports.” The role of local tissue immunity
has received more attention lately primarily due to the
discovery of a new subset of memory T cells termed
tissue-resident memory (Tg,) cells. These long-lived
and non-recirculating Tg,, cells permanently reside in




Benjarat Isaraphithakkul, Noppadol Sa-Ard-lam, Pimprapa Rerkyen, Rangsini Mahanonda

e 19
E i i
% CD4 103
o
g
8 k' cDa 103
5 . 98.1%
ui Hll I I I T |||||||| T ||||||| T ||IIH|—|'

A
s
g &3
=] =
< g
& N3
< 2 4
O ¥
T
83 o
E il u
Illllllll'lllllll[lllIIIII .d|: — ‘
50 100 150 200 250 %
(x1,000) 7.
_ I = S —
= s T
g 3
r o
2 i
th

1w 10° 1w 1w’
CD3 FITC-A

Fig. 1A
cells isolated from periodontitis tissues.
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Expression of CD103 on T cells. Flow cytometry gating strategy to identify CD103 expressing T

B
CD103" CD103
Mean+SE* Mean+SE*
CD4+
(53.83+4.06) 3.70+1.12 79.06+15.34
CD8+
(29.99+3.11) 26.95+8.77 60.71£9.77
*Standard error
Fig.1B Mean percentage of CD103+ and CD103- in CD4+ and CD8+ T cells (n=3).

non-lymphoid tissues including skin, brain, vagina and
lung, and provide rapid, effective local protection against
reinfection relative to circulating counterpart memory T
cells™?" % This novel memory T cell subset express
CD103 (OLEB? integrin) and CD69 (C-type lectin), both of
which are involved in cell adhesion and tissue retention.”

There has been very little study of T cells expressing
CD103 in periodontitis. The presence of CD103" T
cells in periodontitis tissues was first described by
immunohistochemical staining more than 20 years ago.”
In our study, we found greater number of CD8" T cells in
periodontitis tissues expressed CD103 compared to CD4"
T cells. These results are in line with other observations
suggesting that CD4" T cells poorly express CD10331

The production of cytokines; IFN-Y and IL-17 from
CD103" and CD103 T cells in periodontitis has never
been studied. Expression of IFN-Y has been consistently
reported in periodontitis tissues and may involve in
tissue inflammation by recruitment of circulating memory
T and B cells via VCAM-1 pathway®'. IL-17 has been
proposed as a major driving force of bone in periodontitis
through the upregulation of RANKL and the activation
of osteoclastogenesis.’” Here we show that both
CD103" and CD103- CD4" T cells produced more IFN-Y
than IL-17. Interestingly, CD103" and CD103- CD8" T
cells produced only IFN-Y, but not IL-17. The ability to
produce IL-17 seems to restrictto CD4 " T cells in periodontal
tissues.” However, it has been recently demonstrated
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Fig.2A  Flow cytometry analysis of IFN-Y and IL-17 produced by CD1 03"and CD103- CD4" and CD8" T cells.
B IL-17 IFN-Y
Mean+SE* Mean+SE*
103" 103 103" 103
CcD4’ 1.34+0.55 1.34+£0.65 14.75£9.65 3.93£2.60
cDs' 0.07£0.04 0.03£0.02 11.32+4.46 6.66£2.78

*Standard error

Fig. 2B

that CD103" CD8" T cells from skin lesions of patients
with psoriasis were able to produce IL-17.* It is still
unclear why CD8" T cells from periodontitis tissues
and psoriasis lesions are different regarding to IL-17
production. Local tissue environment and stimulating
antigen (s) could influence the cytokine profiles.

Conclusion

In conclusion, we observed infiltration of CD4"
and CD8'T cells in periodontitis tissues. CD103

© IO

Mean percentage of IFN-Y, and IL-17 produced in each subset of T cells (n=3).

expression was observed more on CD8'T cells than
CD4'T cells. CD103" and CD103- CD4'T cells were
able to produce IFN-Y, and IL-17, whereas CD103" and
CD103 CD8'T cells produced only IFN-Y. The ability to
produce such cytokines suggests their possible role in
periodontal inflammation and bone destruction observed
in periodontitis. Further study is required to better
understand the role of non-recirculating tissue-resident
memory T cells and recirculating memory T cells in
immunopathology of periodontitis.




Benjarat Isaraphithakkul, Noppadol Sa-Ard-lam, Pimprapa Rerkyen, Rangsini Mahanonda

Acknowledgement

We would like to thank Assistant Professor

Keskunya Subbalekha, Department of Oral Maxillofacial

surgery, Chulalongkorn University and Assistant
Professor Chantrakorn Champaiboon, Department of
Periodontology, Chulalongkorn University for kindness

in specimen collection. We would also like to thank
Chulalongkorn Academic Advancement into Its 2nd
Century Project and Thailand research fund for research
grant support (Grant BRG5880003).

References:

1.

10.

Seymour GJ, Powell RN, Davies WIR. Conversion
of a stable T-cell lesion to a progressive B-cell
lesion in the pathogenesis of chronic inflammatory
periodontal disease: an hypothesis. J Clin Periodontol
1979,6(5):267-77.

Mahanonda R. Advance in host immune response in
periodontal disease. Bangkok: DanexlIntercorporation;
2012.

Mosmann TR, Cherwinski H, Bond MW, Giedlin
MA, Coffman RL. Two types of murine helper T
cell clone. I. Definition according to profiles of
lymphokine activities and secreted proteins. J
Immunol 1986;136(7):2348-57.

Gemmell E, Yamazaki K, Seymour GJ. Destructive
periodontitis lesions are determined by the nature
of the lymphocytic response. Crit Rev Oral Biol Med
2002;13(1):17-34.

Takeichi O, Haber J, Kawai T, et al. Cytokine profiles
of T-lymphocytes from gingival tissues with
pathological pocketing. J Dent Res 2000,79(8):1548-
55.

Taubman MA, Kawai T. Involvement of T-lymphocytes
in periodontal disease and in direct and indirect
induction of bone resorption. Crit Rev Oral Biol Med
2001;12(2):125-35.

Takahashi K, Azuma T, Motohira H, Kinane DF,
Kitetsu S. The potential role of interleukin-17 in the
immunopathology of periodontal disease. J Clin
Periodontol 2005,32(4):369-74.

Cardoso CR, Garlet GP, Crippa GE, et al. Evidence
of the presence of T helper type 17 cells in chronic
lesions of human periodontal disease. Oral Microbiol
Immunol 2009;24(1):1-6.

Awasthi A, Kuchroo VK. Th17 cells: from precursors
to players in inflammation and infection. Int Immunol
2009:dxp021.

Sallusto F, Lenig D, Forster R, Lipp M, Lanzavecchia
A. Two subsets of memory T lymphocytes with

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

distinct homing potentials and effector functions.
Nature 1999,401(6754):708-12.

Zhang Y, Joe G, Hexner E, Zhu J, Emerson SG. Host-
reactive CD8" memory stem cells in graft-versus-host
disease. Nat Med 2005,;11(12):1299-305.

Di Meglio P, Perera GK, Nestle FO. The multitasking
organ: recent insights into skin immune function.
Immunity 2011,35(6):857-69.

Ariotti S, Haanen JB, Schumacher TN. 8 Behavior
and Function of Tissue-Resident Memory T cells. Adv
Immunol 2012;114:203-16.

Sathaliyawala T, Kubota M Fau - Yudanin N, Yudanin
N Fau - Turner D, et al. Distribution and compar-
tmentalization of human circulating and tissue-
resident memory T cell subsets. Immunity 2013;
38(187-197).

Pauls K, Schén M, Kubitza RC, et al. Role of integrin
alphaE(CD103)betar for tissue-specific epidermal
localization of CD8" T lymphocytes. J Invest Dermatol
2001;117(3):569-75.

Gebhardt T, Wakim LM, Eidsmo L, et al. Memory T
cells in nonlymphoid tissue that provide enhanced
local immunity during infection with herpes simplex
virus. Nat Immunol 2009,10(5):524-30.

Gebhardt T, Mackay LK. Local immunity by tissue-
resident CD8" memory T cells. Front immunol
2012,3:1-12.

Jiang X, Clark RA, Liu L, et al. Skin infection generates
non-migratory memory CD8" T(RM) cells providing
global skin immunity. Nature 2012,483(7388):227-31.
Turner DL, Bickham KL, Thome JJ, et al. Lung niches
for the generation and maintenance of tissue-resident
memory T cells. Mucosal Immunol 2014;7(501-510).

Masopust D, Choo D, Vezys V, et al. Dynamic T cell
migration program provides resident memory within
intestinal epithelium. J Exp Med 2010: jem-20090858.

Shin H, lwasaki A. A vaccine strategy that protects
against genital herpes by establishing local memory
T cells. Nature 2012,491(7424):463-7.

Cheuk S, Wikén M, Blomqvist L, et al. Epidermal Th22
and Tc17 cells form a localized disease memory
in clinically healed psoriasis. J Immunol 2014;
192(7):3111-20.

Mizukawa Y, Yamazaki Y, Teraki Y, et al. Direct evidence
for interferon-y production by effector-memory-type
intraepidermal T cells residing at an effector site of
immunopathology in fixed drug eruption. Am J Pathol
2002;161(4):1337-47.




Expression of inflammatory mediators in CD103+ and CD103- T cells isolated from periodontitis tissues: a pilot study

24.

25.

26.

27.

28.

29.

30.

317.

32.

33.

34.

McGuire MK, Nunn ME. Prognosis versus actual
outcome. Il. The effectiveness of clinical parameters
in developing an accurate prognosis. J Periodontol
1996,67(7):658-65.

Yongyuth A. CD130" memory T cells in health and
disesase [Unpublished master's dissertation].
Bangkok, Thailand Chulalongkorn University 2015.

Hofmann M, Pircher H. E-cadherin promotes
accumulation of a unique memory CD8 T-cell
population in murine salivary glands. Proc Natl Acad
SciUS A 2011,108(40):16741-6.

Teijjaro JR, Turner D, Pham Q, et al. Cutting edge: Tissue-
retentive lung memory CD4 T cells mediate optimal
protection to respiratory virus infection. J Immunol
2011;187(11):5510-4.

Sakai S, Kauffman KD, Schenkel JM, et al. Cutting
Edge: Control of Mycobacterium tuberculosis
Infection by a Subset of Lung Parenchyma-Homing
CD4 T Cells. J Immunol 2014,192(7):2965-9.

Shin H, Iwasaki A. Tissue-resident memory T cells.
Immunol Rev 2013;255(1):165-81.

Tonetti MS, Straub AM, Lang NP. Expression of
the cutaneous lymphocyte antigen and the IEL Y
7 integrin by intraepithelial lymphocytes in healthy
and diseased human gingiva. Arch Oral Biol 1995,
40(12):1125-32.

Schenkel JM, Masopust D. Tissue-resident memory
T cells. Immunity 2014,41(6).886-97.

Zenobia C, Hajishengallis G. Basic biology and role
of interleukin-17 in immunity and inflammation.
Periodontol 2000 2015;69(1):142-59.

Dutzan N, Konkel JE, Greenwell-Wild T, Moutsopoulos
NM. Characterization of the human immune cell
network at the gingival barrier. Mucosal Immunol
2016,9(5):1163-72.

Ortega C, Fernandez-A S, Carrillo JM, et al. IL-17-
producing CD8" T lymphocytes from psoriasis skin
plaques are cytotoxic effector cells that secrete Th17-
related cytokines. J Leukoc Biol 2009;86(2):435-43.




