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Abstract

OBJECTIVES:

The serum IL-17A:IL-17E ratio has previously beembnstrated to be a clinical marker of periodantifihe aim
of this study was to determine the effects of norgigal periodontal treatment on the serum IL-1TALFE ratio.
MATERIALS AND METHODS:

Forty chronic periodontitis patients completed #tisdy and received periodontal treatment compgistaling and
root planing plus ultrasonic debridement. Clinidata were recorded at baseline, six weeks (R1} afatment
completion (full-mouth or quadrant-scaling and rplaning) and 25 weeks after baseline (R2). Serammpses were

taken at each time point and cytokines concentratietermined by ELISA.

RESULTS:

Following treatment, statistically significant rexdions were noted in clinical parameters. Howellel 7A and IL-
17E concentrations were significantly greater thaseline values before- and after- adjusting fasléng. The IL-
17A:IL-17E ratio was lower at R1 and R2. Serum llattd TNF levels were significantly lower at R1 anlglso
exclusively at R1, serum IL-17A and IL-17E correlhtpositively with clinical parameters, while the17A:IL-

17E ratio correlated negatively with probing pocttepth and clinical attachment.

CONCLUSION:
Increased serum IL-17E and a reduced IL-17A:IL-1@&0 may be indicative and/or a consequence dbgental
therapy. Therefore the role of IL-17E in perioddmiaease progression and the healing processrihyvof further

investigation.

CLINICAL RELEVANCE:

IL-17E may be a valuable biomarker to monitor tkaling process following periodontal treatmentrasdased IL-
17E levels and a reduced IL-17A:IL-17E ratio coukflect clinical improvements post-therapy. Therefo

monitoring serum IL-17E might be useful to ideniifigividuals who require additional periodontalaraent.



Introduction

Interleukin-17A (IL-17A) has been implicated to ypla role in the pathogenesis of periodontal disdlase
vivo studies have implicated a protective role for fAlas Interleukin-17 receptor subunit A (IL-17RAéfitient
mice showed exacerbated bone loss iRoaphyromonas gingivalis (P. gingivalis) induced disease model [1].
However, an excessive IL-17A response has been mnated to drive inflammatory alveolar bone lagsan
ageing mouse model of periodontitis [2]. Therefareeffective, but balanced, IL-17A response is iregufor the

protection of the oral mucosa against periodoraithggens.

In humans, polymorphisms in thile-17A gene have been associated with incidence of chperiodontal
diseases [3-5]. Furthermore, elevated levels of 7 have been detected in serum [6-8] saliva [8r8] gingival
crevicular fluid (GCF) [8,10,11] of periodontitisafents. Serum and GCF levels of IL-17A have alserb
demonstrated to correlate with clinical attachmess in patients with chronic periodontitis [7, B, And aggressive

periodontitis [7].

In comparison to IL-17A, the role of interleukin B TL-17E (IL-25) in periodontitis is less understbdL-
17E has been described as being a ‘double edgedd’sws it is known to promote type 2 T helper cell
(Th2)immunity as well as play a role as a negatdgulator of inflammatory responses and attenuaftdestructive
inflammation [12]. Indeed, IL-17E may have opposiotes to IL-17A in the pathogenesis of periodomtizlease
[8]. IL-17E has been found to inhibit both the gingivalis and IL-17A induced expression of neutrophil
chemotactic chemokines by oral keratinocytes [8pgddition, the serum IL-17A:IL-17E ratio was sugigel to be a

predictive marker of disease state [8].

The effect of periodontal therapy on serum leveiscytokines has been investigated previously. In
particular the effects of therapies on serum ietéin-6 (IL-6) and Tumor necrosis factor (TNF) amell
documented [7, 13-17]. The effect of periodontarépy on levels of IL-17 family cytokines in biologl fluids is
less well known. Previous studies have suggest&tdGIEF levels of IL-17A in patients with chronicripelontitis
[11] and serum levels of IL-17A in patients withgagssive periodontitis [7] are reduced after nomisal
therapies. To date, however, no studies have iilgpetet the effect of therapies on serum levelsLef7E or the
serum IL-17A:IL-17E ratio. Therefore, the purpogéehis study was to establish the effect of perigdbtherapy on

serum levels of IL-17E and the IL-17A:IL-17E ratimd compare full-mouth against quadrant-scaling renod



planing. A lesser aim was to investigate the efééa@moking on these outcomes. IL-6 and TNF wese aleasured

to allow for comparison with published studies.



Materials and Methods

Study participants

Forty patients (24 non-smokers and 16 smokers) tmrtpthe study. All had been referred to the Whit
Periodontics at Glasgow Dental Hospital for nongseal treatment of previously untreated chroniciqguoontitis.
This study was performed in studies involving hurparticipants and was reviewed and approved bydlasgow

Dental Hospital and School Ethics Committee andt&miinformed consent was obtained from all pgrtiois.

Inclusion and exclusion criteria

Patient recruitment started in January 2000 andiceli intervention concluded in July-2002. All
participants were systemically healthy. Apart frperiodontitis, the participants had no other knadisease and
had received no antibiotic or anti-inflammatoryréqy in the previous 3 months or during the cowafsthe study.
‘Smokers’ smoked a median of 15 cigarettes per @agge: 5-30) with at least 10 pack years of cigare
consumption. ‘Non Smokers’ reported no cigarette us the previous 10 years; or ever. ‘Periodontitigs
assigned to patients with a minimum of 18 teeth ahdkeast two non-adjacent sites on different téetieach
guadrant with a probing pocket depth (PPD) andiadinattachment levels (CAL) of5 mm and radiographic
evidence of bone loss (American Academy of Peritalogy) [18]. Non-surgical periodontal treatmentluded
detailed oral hygiene instruction in conjunctiortwscaling and root planing and ultrasonic debridemTreatment
was carried out by one calibrated clinician (DAA)avas completed during a single or multiple condee visits

(FM-SRP) or quadrant-by-quadrant at 2-weekly iraés\(Q-SRP)

Clinical examination and sample collection

Full-mouth periodontal assessments were carriedoguhe same examiner (DAA) at baseline, 6-weeks
(R1) after treatment and six months (R2) from hasehssessment [19,20]. For the FM-SRP group Rlowaseek
7 and for the Q-SRP group on week 13. For both ggoR2 was 25 weeks post therapy. Clinical parameter

recorded PPD, CAL using a manual periodontal pr@bsC-15, Hu-Friedy, Chicago, IL, USA), bleeding on

probing (BOP), plaque index (PI) and the numberaitkets>5 mm in depth [19].



Peripheral venous blood was collected from allipi@@nts at baseline, R1 and R2. Blood was calk@h a glass
vacutainer between 9:00 AM and 11:00 AM (to minienidiurnal variations in biochemical parameters)teAf

coagulation, blood was centrifuged (200 x g) thenus stored in aliquots at -8C prior to analysis.

Enzyme-linked immunosor bent assays:

IL-17A and IL-17E were assayed using commercialtgilable ELISA kits (Peprotech, London, UK) as
described previously [8]. According to the manufiaet there is no reactivity between IL-17A antibexdor IL-17E
antibodies with the other IL-17 cytokines. TNF ahd6 levels were also assayed using commerciallyilatle
ELISA kits (R & D systems, Abingdon, UK). The minimn detection limits of each assay were as folldw7A

& IL-17E = 1.9 pg/ml; TNF = 1.5 pg/ml and IL-6 =8pg/ml.

Statistical analyses.

Statistical analyses of clinical and biochemicatadaere carried out using SPSS (Version 21, IBM
Chicago USA). Statistical power calculations weasdd on the assumption that the biochemical data mermally
distributed data. With alpha set at 0.05 in a stial analysis, and where the standard deviatidmat exceed the
mean difference, 16 subjects on average per treditgreup were sufficient to give greater than 80&wer.
However the number present in each of the twortreat groups was increased to 20 on the likelihbatl the data

did not conform to the normal distribution and thaeh-parametric statistical analyses would be regui

Initial investigations were performed on the FM-SRRd Q-SRP data separately. However, as both
treatment regimens were shown to equally effeatdgarding the improvement in the clinical indicédR2 it was
decided to perform further analysis of all 40 patseat baseline and at R2 as if they were a simgégment group.
This meant that the statistical power in this asiglyvas increased to greater than 95% with an te§fee =1 and

that smaller effect sizes would be accommodatederanalysis and still have sufficient statistigpatver.

The Friedman test was used to investigate the rdiffes between baseline, R1 and R2 within each
treatment group. A Bonferroni corrected Wilcoxosttevas used for post hoc analysis of the paired (aithin
group analyses). The Mann—-Whitney U-test was enguldgr analyses of differences between the FM-SRPGx
SRP groups at baseline and R2. The Spearman rhaiseasto investigate correlations between the aginand

biochemical parameters. To allow a correction foteptial confounding factors such as age, PI, tobase and



gender a weighted least squares regression analydizg transformations of the cytokine data wadgomed. A
partial correlation analysis of the clinical anddiiemical parameters was also performed to cofoeetge, Pl and

cigarette consumption.

Cross tabulation and Chi squared analysis was pmeefd to determine whether there were differences in

the proportion of smokers or the gender of thettneat groups.



Results

Demographic and Clinical data

Table 1 shows the demographic data for the studtycigents allocated to the two treatment groups. A
significant difference in the gender makeup of @¥SRP and FM-SRP treatment groups was observedQ@x0
(Table 1).

Table 2 shows the clinical data for the study paotints in the FM-SRP and Q-SRP groups at baséfihe,
and R2. Significant reductions in PPD, CAL, Pl 8@P were observed at both R1 and R2 following FMRSRd
Q-SRP (all p<0.01) (Table 2). There was a sigaiftty greater clinical improvement between baselind R1
following both FM-SRP and Q-SRP than between R1 B2d(p<0.001). No significant differences in cliaic
outcomes were seen between the FM-SRP and Q-SRfn&st groups at R1 or R2, therefore both treatment

regimens appear equally effective.

Serum IL-17A and | L-17E concentrations and the | L-17A:1L-17E ratio following treatment:

To investigate the temporal relationships betwéenctokines following treatment both treatmentugs
FM-SRP & Q-SRP, were investigated separately atlbees R1 and R2 in the first instance. All IL-13&d IL-17E
measurements were greater than the assay backgribuaddition, comparisons between the two reginvese
made at baseline and at R2. Between the two studypg the following significant differences weretet
following non-parametric analysis. For the FM-SRBup, serum levels of IL-17A (Figure 1A) were sifizantly
greater than baseline levels at R1 (p=0.040) an@pRQ2.006). Also in this group serum levels of IZEL(Fig 1B)
were significantly greater than baseline level®Rat(p=0.001) and R2 (p<0.001). However, in comperig/ith

baseline, the IL-17A:IL-17E ratio showed a sigrafit reduction at R2 (p=0.036) for the FM-SRP gr(kig 1C).

For the Q-SRP group, serum levels of IL-17A wegngicantly greater than baseline levels at R1 R2d
(Figure 1A). The IL-17E concentrations (Figure 1Bgre also greater than baseline at both R1 andbith (
p<0.001). In addition, IL-17E levels at R2 werensfigantly greater than those at R1 (p=0.007).dmparison with

baseline, the IL-17A:IL-17E ratio showed a sigrafit reduction at R2 (p=0.040) for the Q-SRP grdtig (C).



No significant differences were seen in the serurt4A:IL-17E ratio between the two treatment groups
However, after a least squares regression weigiatysis correcting for age, smoking and gendetltHer A:IL-

17E ratio was significantly higher at R2 in the QSgroup compared to the FM-SRP group (p=0.003).

IL-6 (Fig 2A) and TNF (Fig 2B) levels were lowerRi. and R2 than at baseline for both the FM-SRP and
Q-SRP treatment groups (all p<0.05). However, it wated that IL-6 (Fig 2A) and TNF (Fig 2B) levetse again
in both groups at R2 and in the case of TNF wegeificantly higher than R1 levels (p=0.013} baseline all IL-6
and TNF levels were greater than the assay backdrdar all 40 serum samples. At R1 IL-6 and TNF
concentrations were lower than the assay basdlitierée and five out of 40 sera, respectively ang23 the IL-6
and TNF concentrations were below the assay backgrdn one sample and two samples out of 40 sera,

respectively.

Since both treatment approaches were equally eféeotgarding clinical outcome (Table 2) the trestin
groups (FM-SRP and Q-SRP) were combined to invatgtidifferences between baseline and &tum levels of
IL-17A (Fig 3A) and IL-17E (Fig 3B) were significip greater at R2 than baseline (p<0.001 & p<0.001)
However, the elevation in serum levels was grefatell-17E than IL-17A at R2. Therefore, the serllrl 7A:IL-

17E ratio (Fig 3C) was significantly reduced, conggkto baseline, at R2 (p<0.05).

Serum levels of IL-6 (Fig 3D) and TNF (Fig 3E) wesgnificantly lower than baseline at R2 (TNF,

p<0.001, & IL-6, p=0.016).

The influence of cigarette smoking on serum IL-17A and IL-17E concentrations and the IL-17A:IL-17E ratio

following treatment

Serum levels of IL-17A (Fig 4A) and IL-17E (Fig 4RBjere significantly elevated in both smokers and-no
smokers at R2 compared to baseline (p<0.043 & ®©40.(espectively). However, IL-17E levels were #igantly
lower (p=0.001) in the smokers than in the non-senekat R2 (Fig 4B). The IL-17A:IL-17E ratio at R2asv

significantly higher (p<0.01) in smokers than nome&ers (Fig 4C).
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Serum levels of IL-6 were significantly lower oritythe non-smokers at R2 than at baseline (p=0.04t0)
R2, serum IL-6 levels were significantly higher smokers than in the non-smokers (p=0.009) (Fig 4.

differences in serum TNF levels were observed betmmaseline and R2 in non-smokers and smokergtig

Correlations between biochemical and clinical parameters

At baseline, there were no significant correlatidmeween IL-17A, IL-17E or the IL-17A:IL-17E ratio
with the clinical data (data not shown). At baselithe serum TNF levels correlated with PPD (r=0,35-0.039)

and IL-6 levels had a significant Spearman cori@fatvith the Pl p=0.367, p=0.028).

At R1, serum IL-17E levels correlated positivelyttwiPPD and CAL ¢=0.364, p=0.029 &p=0.444,
p=0.007, respectively) and the serum IL-17A:IL-1Irdo0 correlated negatively with PPP=-0.441, p=0.007) and
CAL (p=-0.493; p=0.002). The serum IL-17A:IL-17E ratits@ correlated negatively with the number of sites
>5mm (p=-0.402, p=0.019). However, after adjusting foracigte usage this finding was no longer significamt

contrast there were no significant correlationsveen biochemical and clinical parameters at R2.

There was no correlation between IL-6 levels arahges in the clinical parameters at either R1 dr2at

but at R1 serum TNF levels correlated with the cfidn in PPD and CAL (r=-0.431, p=0.018 and r=-@37

p=0.030).
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Discussion

This study reports for the first time a significalgcrease in the serum IL-17A:IL-17E ratio 25 wepé@st
baseline assessment (R2) compared to baselingh@grapy) assessment. This decreased ratio is dsigndicant
elevations in serum IL-17E levels to an extent ggnethan the increases observed for IL-17A at R ihcreased
serum IL-17E and reduced serum IL-17A:IL-17E ratppear to be associated with clinical improvemésitswing
the mechanical removal of plague and calculus. Despis fact, we failed to see significant cortielas between
IL-17A and IL-17E with the clinical parameters suat PPD and CAL at baseline in this investigatiompared
with our recent cross-sectional study [8] whereusetL-17A correlated positively with PPD and CALd&H.-17E
correlated negatively with these parameters. Theptausible reason for this discrepancy. Thel@airivestigation
involved a greater number of participants with eager variation in the level of periodontitis, wbas in this study
the number was far fewer and the variation in chhcondition of the participants was much narrowEhus small
biological variations could have masked undyingtiehships between the clinical and biochemicahpeaters of
the participants in this study. The detection ghfficant correlations at R1 following treatmentghi be explained
by larger variations in differences in individuatsponses to the SRP reflected in parallel at acalirand
biochemical level. The failure to see significantrelation between the clinical and biochemical sugas at R2

was possibly because the variation in the measesggbnses under comparison was more restricted.

The circulating levels of IL-17A (range 2 pg/ml @6g/ml), IL-17E (4 pg/ml - 96 pg/ml), TNF (ranged=
pg/ml - 42 pg/ml) and IL-6 (range = 0 pg/ml — 34mp reported in this study are similar to levedported in other
studies [7, 8, 13, 14]. In addition the trendshieste mediators post-therapy are generally in agreemith other
studies [7, 8, 13, 14]. While there is no exacteagrent on the timing of reassessments betweenestusthme
comparisons can be made. Indeed, at the 6 weekneasinent reassessment (R1) findings for TNF &n@ Were
similar to results reported in other studies [7-1¥3. However, unlike some other studies, an ingeda the levels
of IL-6 and TNF, was observed after R1 with higleels being recorded at R2; although these gdgermhained
below baseline values. Indeed, in the case of Télels had returned to near baseline values by&ks/post FM-
SRP and Q-SRP. Earlier studies on IL-6 showeddbéaim levels of this cytokine were similar at 2 thsnand 6

months post-treatment [13,16]. In the case of Thidwever, Duarte et al. [7] reported no significdifference
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between serum TNF levels at baseline and at 6 ragubkt-treatment in periodontitis patients sugggsthat the

similar observation in our study was not an artiefac

Comparison of treatment regimens revealed thath®iQ-SRP group the serum IL-17A levels were higher
at R2 than at R1 and significantly greater thathim FM-SRP group where the levels appeared to Wwerlat R2
than at R1. Interestingly, Duarte et al. [7] haakported a small but not statistically significencrease in IL-17A
levels at 6 months following a Q-SRP regime in cizgeriodontitis patients. However, despite thifedénces in
serum IL-17A levels between the FM-SRP and Q-SRRimgg at R2, overall no differences in the IL-17AIZE
ratio were observed between the two treatment regsn Although the small group sizes may provide an
explanation for this result, it is probably not mising given that there were no significant diffieces in clinical

improvements between these two treatment groups.

The increase in serum levels of IL-17A and IL-17&sttherapy is in contrast to findings reported in
similar studies investigating the effects of théeapn serum levels of key inflammatory cytokingsch as TNF,
IL-6 and IL-1B; where decreases 3 and 6 months after treatmergearerally seen [13-17]. Interestingly, despite
increases in serum levels of both IL-17A and IL-13st-therapy, the actual IL-17A:IL-17E ratio wasluced. We
also saw that before and after correcting for agegking and gender the IL-17A:IL-17E ratio was #igantly
higher at R2 in the Q-SRP group compared to theSR® group. This appears to have been brought alotly by
a smaller increase in IL-17A levels at R2 for thd-BRP group than was seen for the Q-SRP groupddiitian,
while there were no statistically significant diéaces in IL-17E at R2 between both treatment ggpiigher

median levels were seen in the Q-SRP group at B2has also contributed to the reduced IL-17A:ILELf&tio.

IL-17E has been shown recently to reduce both IA-And P. gingivalis biofilm-stimulated secretion of
chemokines by oral keratinocytes and reduce thel lefzphosphorylation of the p65 subunit of MB-[8]. This
therefore suggests that IL-17E can act to regulate7/A and periodontal pathogen mediated immun@aoeses.
This was consummate with its reported role as ativg regulator of inflammatory responses and atior of
destructive inflammation [12]. In addition, IL-17kas been reported to promote healing and repadudjtr the
activation of alternatively activated macrophagb®)( [21]. Therefore, the elevated IL-17E levels etved in
serum post-therapy could be hypothesised to bealleralised increases in expression of IL-17E Wwhoccurs to

12



promote healing and repair of periodontal tissudse fact that higher IL-17E and lower IL-17A:IL-17f&tios
associated with greater PPD and CAL at R1 is isterg and may reflect ongoing attempts to down-ieguthe

inflammatory response and initiate repair mechagism

A three way interaction involving smoking treatmetd the visit was shown previously to influence
clinical measurements at selected sites [20] ab&1not at R2 when the clinical improvements andling time
were seen to be similar [19,20]. Although we sawdifference in baseline values between smokers reord
smokers, smoking appears to have influenced thédtsesbserved post-treatment. In the non-smokbes ptedian
IL-17A levels at R2 were not significantly differteinom baseline, whereas in the smokers the level® increased.
There are conflicting reports on the effect of smglkon IL-17 levels in serum, with evidence for ectbase [22]
and increase [11, 23]. In addition, smokers hawatgr numbers of CD4+ IL-17+ T cells in the lurgstie than
non-smokers [24]. If a similar phenomenon also oexliin the periodontium it could conceivably irdhce local

and circulating levels of IL-17A and IL-17E.

In conclusion, this investigation for the first g#mmeports the measurement of serum levels of IL-AAé&
the determination of the IL-17A:IL-17E ratio in paits prior to, and following, periodontal treatrhdn addition, it
compares serum levels of IL-17A, IL-17E and thellfA:IL-17E ratio in smokers and non-smokers posatiment.
The data from this study supports the notion th&t4 cytokines may be valuable biomarkers to maortite healing
process following periodontal therapy. Indeed,rémilts suggest that increased IL-17E (IL-25) lewehich result
in a reduced IL-17A:IL-17E ratio could reflect dial improvements post-therapy. If this is true,niboring of IL-
17E levels in serum might be useful for identifdividuals in need of additional periodontal treatiia the long
term. Within the limitations of this study smokédrad a lower reduction of the IL-17A:IL-17E ratiorapared to

the non-smokers, which might argue for an negadffect on the healing process.
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Legends

Figure 1: Median and semi-inner quartile rangesiaielg serum levels of IL-17A (A), IL-17E (B) andhe IL-
17A:IL-17E (C) ratio in periodontitis patients umgeing FM-SRP (N=20, dark grey diamonds) and Q-%R£20,
light grey squares). The measurements are recgnil@dto SRP and for both treatment groups at 7kewéé weeks
after FM-SRP was completed = R1: FM-SRP), for boglatment groups at 13 weeks (6 weeks after Q-SBRP w

completed = R1: Q-SRP) and at 25 weeks (R2) fohgvthe commencement of SRP.

* Significantly different from FM-SRP baseline.

¥ Significantly different from Q-SRP baseline.

t Significant differences between FM-SRP and Q-8RR2.

Figure 2: Median and semi-inner quartile rangesdiieg serum levels of IL-6 (A) and TNF (B) in pedontitis
patients undergoing FM-SRP (N=20, dark grey diansprohd Q-SRP (N=20, light grey squares) prior té 3Rd
at 7 weeks ( 6 weeks after FM-SRP was completed ERILSRP R1), at 13 weeks (6 weeks after Q-SRP was

completed =R1 Q-SRP) and at 25 weeks (R2) follovlmgcommencement of SRP.

* Significantly different from FM-SRP baseline.

¥ Significantly different from Q-SRP baseline.

t Significant differences between FM-SRP and Q-8RR2.

$ Significant differences between R1 & R2.

Figure 3: Box and whisker plots depicting the raadand quartile ranges (with outliers indicatedsblid circles)
of serum levels of IL-17A (A), IL-17E (B), the senulL-17 A:IL-17E ratio (C), serum levels of IL-6 jland TNF
(E) in periodontitis patients prior to SRP (N=&mpty boxes) and at 25 weeks following the commerese of

SRP (R2; grey boxes).

* Significant differences between baseline and .R2.
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Figure 4: Box and whisker plots depicting the raadand quartile ranges (with outliers indicatedsblid circles)
of serum levels of IL-17A (A), IL-17E (B), the senulL-17 A:IL-17E ratio (C), serum levels of IL-6 {and TNF
(E) in non-smoker (N=24, Empty boxes) and smok&rl, grey boxes) periodontitis patients prior ®PSand at

25 weeks following the commencement of SRP (R2).
* Significant differences in non-smoker betweendbag and R2.
" Significant differences in smokers between baeadind R2.

* Significant differences between smokers and nookems.
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Figure 2
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Figure 3
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Figure 4
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