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Background: A specific composite genotype of the polymorphic
interleukin-1 (IL-1) gene cluster has recently been associated with
severe periodontitis. One polymorphism of the composite periodon-
titis-associated genotype (PAG) has been functionally linked with
expression of high levels of IL-1. The purpose of this study was to
test whether gingival crevicular fluid (GCF) levels of IL-1ß and
tumor necrosis factor-alpha (TNFα), and gingival tissue levels of IL-
1α, IL-1ß, and TNFα correlate with PAG, and to examine the effect
of conservative periodontal therapy on these levels. 

Methods: Twenty-two adults with moderate to advanced peri-
odontal disease were enrolled. Polymerase chain reaction amplifica-
tion and restriction enzymes were used to identify specific polymor-
phisms from peripheral blood samples. GCF samples were collected
at baseline and 3 weeks following conservative treatment and ana-
lyzed by ELISA for IL-1ß and TNFα. An interproximal gingival
biopsy was collected at baseline and follow-up and analyzed for IL-
1α, IL-1ß, and TNFα by ELISA. 

Results: The genotyping identified 7 as PAG(+) and 15 as
PAG(-). The 2 groups were comparable in terms of existing peri-
odontitis and age. In shallow sites (<4 mm), total IL-1ß in GCF was
2.5 times higher for PAG(+) patients prior to treatment (P = 0.03),
and 2.2 times higher after treatment (P = 0.04), while differences
were less apparent in deeper sites. Following treatment, a reduction
in IL-1ß concentration in GCF was seen for PAG(-) but not for
PAG(+) patients. While not statistically significant, a trend was
observed in mean tissue levels of IL-1ß which were 3.6 times higher
in PAG(+) versus PAG(-) patients (P = 0.09).

Conclusions: These data suggest that PAG(+) patients may
demonstrate phenotypic differences as indicated by elevated levels
of IL-1ß in GCF. J Periodontol 1999;70:567-573.
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Individual differences in periodontal
disease progression and treatment
outcomes have long been ob-

served.1,2 While specific subgingival
microorganisms appear to be essential
for disease initiation, there are individ-
ual differences in the inflammatory and
immune responses to infection that
define the susceptible host.3

Interleukin-1ß (IL-1ß) has been
shown to be present and elevated in the
tissues and crevicular fluid from
patients with periodontal disease4,5 and
is a key mediator of the host inflamma-
tory and tissue regulatory pathways in
a number of chronic inflammatory dis-
orders.6,7 Variations of the IL-1 gene
cluster have been proposed as genetic
modifiers in a number of inflammatory
and autoimmune diseases, including
chronic inflammatory bowel disease,8
psoriasis,9 and systemic lupus erythe-
matosus.10

Kornman and coworkers11 have
recently demonstrated a strong associ-
ation between severity of periodontitis
and a specific genetic variation of the
IL-1 gene cluster. This cluster has been
mapped to human chromosome 2 and
is composed of the genes coding for
the IL-1 agonists (IL-1A and IL-1B,
coding for IL-1α and IL-1ß) and the
gene for IL-1 receptor antagonist, IL-
1RN.12 Many gene variations have
been characterized in this cluster. The
composite genotype that was associ-
ated with more severe periodontitis
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comprised allele 2 of the IL-1A -889 polymorphism plus
allele 2 of the +3953 polymorphism of the IL-1B gene.
Non-smoking individuals who carried these 2 allelic
variants were 6.8 times more likely to have severe
rather than mild periodontal disease. Recent studies
have shown that carriage of allele 2 for the +3953 poly-
morphism of the IL-1B gene is associated with elevated
IL-1ß production from peripheral blood monocytes that
have been stimulated with lipopolysaccharide.9

Therefore, carriage of the periodontitis-associated geno-
type (PAG) may result in increased production of IL-1ß
in local tissues. The purpose of this study was to deter-
mine whether PAG correlates with increased cytokine
levels in the gingival tissue and gingival crevicular fluid
(GCF) of patients with adult periodontitis, and to exam-
ine the effect of conservative periodontal therapy on
these levels. 

MATERIALS AND METHODS
Clinical Examination
Twenty-four systemically healthy individuals referred to
the Postgraduate Periodontics Clinic at the Columbia
University School of Dental and Oral Surgery were
enrolled in the study. All subjects presented with moder-
ate to severe periodontitis. This diagnosis required
probing depths of at least 5 mm at 2 sites in each quad-
rant with radiographic evidence of loss of alveolar bone.
Patients were chosen who had at least 18 teeth includ-
ing 2 molars and 2 premolars in contralateral quadrants
of the same arch. None of these individuals presented
with a history of recent periodontal treatment, chronic
use of non-steroidal anti-inflammatory drugs, or recent
use of antibiotics. Only non-smoking adults older than
35 years of age were enrolled. A subject was considered
a non-smoker if he or she had never smoked, or had
stopped smoking more than 5 years previous to the
date of examination and had a pack-year history of less
than 10. Additional exclusion criteria were pregnancy or
lactation, diabetes, HIV infection, bleeding disorders,
immunosuppressive chemotherapy, and any condition
necessitating antibiotic premedication for dental
appointments. The study was approved by the
Institutional Review Board at Columbia Presbyterian
Medical Center, and an informed consent was obtained
from all subjects.

Analysis of Genetic Polymorphisms
Finger-stick blood samples were collected and analyzed
as previously described.11 Briefly, the subject’s finger
was cleansed with antiseptic wipes and the skin was
punctured with a sterile lancet. Finger-stick blood sam-
ples were collected on DNAase-free blotting paper and
analyzed blind for polymorphisms in the IL-1A gene at
position +4845 and in the IL-1B gene at position +3953.
Alleles of IL-1A (+4845) have been demonstrated to be
100% concordant with alleles of IL-1A (+889)(di
Giovine and Chaudhary, unpublished observation). IL-

1A (+4845) was preferred because the sequence offers
opportunity of an internal positive control restriction
site. All screening methods are polymerase chain reac-
tion-based, have been previously published and have
been extensively validated. Reaction conditions and
oligonucleotide sequences are as follows:

IL-1α (+4845)
oligonucleotides:
5’-ATG.GTT.TTA.GAA.ATC.ATC.AAG.CCT.AGG.GCA-3’ 
5’-AAT.GAA.AGG.AGG.GGA.GGA.TGA.CAG.AAA.TGT-3’
cycling:
[95°, 1 min] x1; [94°, 1 min; 56°, 1 min; 72°, 2 min;]
x35; [72°, 5 min] x1; 4°C.
RFLP:
Fnu 4H1 on allele1: 76 + 29 + 124 bp
Fnu 4H1 on allele2: 76 + 153 bp
IL-1ß (+3953)
oligonucleotides:
5’-CTC.AGG.TGT.CCT.CGA.AGA.AAT.CAA.A-3’
5’-GCT.TTT.TTG.CTG.TGA.GTC.CCG-3’
cycling:
[95°, 2 min] x1; [95°, 1 min; 67.5°, 1 min; 72°, 1 min;]
x35; [72°, 5 min] x1; 4°C.
RFLP:
Taq I on allele1: 12 + 85 + 97 bp
Taq I on allele2: 12 + 182 bp

GCF Collection and Analysis
The baseline evaluation consisted of collection of
GCF from the mesiobuccal and mesiopalatal surfaces
of premolar and molar teeth from the right and left
quadrants in the maxillary arch. Measurement of
probing depth was made at these sites to the nearest
millimeter. The clinical measurements were recorded
at the deepest site within that portion of the tooth
using a manual Michigan “O” probe with Williams
markings. Prior to collection of clinical measures,
teeth were isolated, supragingival plaque was gently
removed, and GCF was sampled with precut methyl-
cellulose filter paper strips for 30 seconds then
removed to separate microcentrifuge tubes containing
50µl phosphate buffered saline-Tween 20. Strips were
measured for fluid content with a calibrated instru-
ment to define the volume of GCF§ and stored at -
20°C until eluted (maximum 48 hours). Following
elution, samples from the mesiobuccal and
mesiopalatal strips were combined to form a sample
from the mesial surface of each tooth.

Analysis of IL-Iβ and TNFα in GCF
GCF samples were analyzed blind for IL-1ß and TNFα
using a commercially available enzyme-linked
immunosorbant assay.|| Both assays are standard sand-

Effect of Gene Polymorphism on Expression of IL-1 Volume 70  •  Number 6

568

§ Periotron 6000, Interstate Drug Exchange, Amityville, NY.
|| Multikine Kit, Cistron Biotechnology, Pine Brook, NJ.

PERI 7006.print  10/5/00  3:16 PM  Page 568



wich ELISAs and were performed according to manu-
facturer’s instructions using human recombinant stan-
dards. Results are reported as total amount of cytokine
(in pg) per sample, or concentration (pg/µl) by convert-
ing fluid analyzer units to µl using calibration curves as
described previously.13

Tissue Analysis
After collection of GCF and clinical measures at base-
line, an interproximal gingival biopsy was obtained
under local anesthesia by an examiner who was
unaware of the genotype results. The interdental tissue
between the first molar and second premolar was
removed by means of a horizontal incision coronal to
the alveolar crest and carried from the buccal surface to
the lingual/palatal surface. A solid triangular piece of
tissue was obtained. A similar sample was taken from
the contralateral side of the mouth 3 weeks after treat-
ment. Samples were snap frozen in phosphate buffered
saline containing 1% endotoxin-free bovine serum albu-
min, and stored at -70°C until analyzed. The tissue
samples were resuspended in a final volume of 350 µl
of RPMI 1640 medium containing 10% of an antipro-
tease cocktail¶ and homogenized on ice using a hand-
held homogenizer.# Clarified supernatants were tested
for IL-1α, IL-1ß, and TNFα content by ELISA as previ-
ously described,14 and dsDNA was quantified by fluo-
rescence.15** Results were reported as mean pg/µg
dsDNA.

Treatment
Following collection of GCF, clinical parameters, and
the tissue sample, subjects received full-mouth root
planing and scaling with curets and ultrasonic instru-
ments under local anesthesia for not more than 2 hours
in the Postgraduate Periodontics Clinic. The therapy
was administered blind as to genotype status. No antibi-
otics were prescribed following treatment. Three weeks
following scaling and root planing, GCF and the con-
tralateral biopsy were collected as above.

Statistical Analysis
Mean group GCF cytokine data for the PAG(+) and
PAG(-) groups were calculated by pooling all site values
for each genotype group. Intragroup comparisons were
made between baseline and follow-up examinations by
repeated measures ANOVA. Intergroup comparisons
were made between PAG(+) and PAG(-) patients at
baseline and after treatment by repeated measures
ANOVA. Where probing depth categories were com-
pared, mean patient values for each probing depth cat-
egory (<4 mm, 4 to 6mm, >6 mm), were calculated,
and group means were then determined. Intergroup
comparisons were made by ANOVA at baseline and
after treatment. Tissue cytokine values were compared
at baseline and follow-up by repeated measures
ANOVA. A commercially available statistical analysis
software†† was used for data analysis. 

RESULTS
Twenty-four patients met entry criteria and were
enrolled in the study. Of the 24, 17 (70.8%) were
PAG(-) and 7 (29.2%) were PAG(+). There were no
differences in the mean ages of the genotype groups.
Furthermore, the groups did not differ in severity of
existing periodontal disease. Two patients did not com-
plete the study because of failure to comply with study
protocol. These patients, both PAG(-), were exited from
the study and continued to receive periodontal treat-
ment in the Postgraduate Periodontics Clinic. One
severely compromised tooth was extracted when it
became symptomatic following scaling and root plan-
ing. Consequently, 22 patients (161 surfaces) com-
pleted the baseline examination, and 22 patients (160
surfaces) completed the follow-up examination (Table
1).

Gingival Crevicular Fluid Levels of IL-1ß and TNFα
(Table 2)
Detectable amounts of crevicular fluid IL-1ß were
obtained from all samples at baseline (161/161) and
all samples at follow-up (160/160). Variation was
noted both by site and by individual. TNFα was
detected in crevicular fluid in 59% (95/161) of sam-
ples at baseline and 49% (78/160) of samples at fol-
low-up. TNFα levels that were below the level of
detection (10pg/ml) were assigned a value of zero. 

IL-1ß in GCF. Mean total IL-1ß levels (pg/GCF
sample) were compared between PAG groups and are
described in Table 2. Total GCF IL-1ß for the 2 groups
at baseline was not significantly different (P = 0.21).
However, when probing depths were considered, signifi-
cant differences were evident (Fig. 1). In the shallow
sites (<4 mm), PAG(+) patients demonstrated 2.5 times
more total IL-1ß than PAG(-) patients (P = 0.03). Total
IL-1ß levels were similar between PAG(+) and PAG(-) in
the intermediate (4 to 6 mm) and deeper sites (>6
mm).
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# Omni 2000, Omni International, Warrenton, VA.
** Pico-Green, Molecular Probes, Eugene, OR.
†† Statview, Abacus Concepts, Berkeley, CA.

Table 1.

Mean Age (Years) and Mean Probing Depth
(mm) of PAG(+) and PAG(-) Groups

PAG(-) PAG(+)

N 15 7

Age 45.5* 46.4

Probing depth 4.7* 4.4

*The difference between groups for mean age and mean probing depth was not
statistically significant.
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At the follow-up examination 3 weeks after scaling
and root planing, total GCF IL-1ß was slightly greater
than what was observed at baseline for both groups.
PAG(+) patients showed a trend towards higher total IL-
1ß as compared to PAG(-) patients (P = 0.11). Again,
when stratified by probing depths, significant differences
were seen between groups (Fig. 2). In the shallow sites,
total IL-1ß for the PAG(+) patients was 2.2 times higher
than that for the PAG(-) patients (P = 0.04). For the
intermediate and deeper sites, no significant differences
in IL-1ß levels were noted.

When examined as concentration
of IL-1ß (pg/µl of GCF), there was
no difference at baseline between
the PAG(+) patients and the PAG(-)
patients. However, the mean con-
centration of IL-1ß was significantly
reduced following therapy in the
PAG(-) but not the PAG(+) patients
(P = 0.004). When analyzed by
probing depths, prior to treatment
there was a trend for higher IL-1ß
concentrations for the PAG(+) group
in sites <4 mm, but no significant
differences were noted in other cate-
gories. Following treatment, how-
ever, the PAG(+) group demon-
strated significantly higher
concentrations of IL-1ß in shallow
(P = 0.005) and intermediate (P =
0.025) sites. 

Total GCF IL-1ß was significantly
correlated with IL-1ß GCF concen-
tration in both genotype groups,
before (r = 0.69; P <0.001) and after
(r = 0.86; P <0.001) treatment.

TNFα in GCF. TNFα levels in
GCF were compared before and

after treatment within groups and between groups.
There was no difference between PAG(+) and PAG(-)
patients for total TNFα or TNFα concentration at base-
line. However, total TNFα from the PAG(-) patients dou-
bled 3 weeks after treatment (P <0.01), while total GCF
TNFα from the PAG(+) group showed no significant
change.

Total TNFα and total IL-1ß in GCF were significantly
correlated for the PAG(+) patients at baseline (r = 0.35;
P <0.02). This correlation was not seen for the PAG(-)
patients (r = 0.17; P = 0.18). Il-1ß and TNFα concentra-
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Figure 1.
Total IL-1ß in gingival crevicular fluid from PAG(+) and PAG(-) patients.
Samples were collected prior to treatment and stratified by probing depth.

Figure 2.
Total IL-1ß in gingival crevicular fluid from PAG(+) and PAG(-) patients. Samples
were collected 3 weeks after treatment and stratified by probing depth.
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Table 2.

Mean Values (±SEM) of IL-1ß and TNFα in Gingival Fluid 
From PAG(+) and PAG(-) Groups

Baseline 3 Weeks

PAG(+) PAG(-) P PAG(+) PAG(-) P

GCF Total IL-1ß 
(pg/sample±SEM) 173±23 141±14 0.21 208±21 169±14 0.11

<4 mm 149±27 59±10 0.03 161±35 74±11 0.04
4-6 mm 171±32 120±14 0.23 215±26 184±17 0.33
>6 mm 272±112 321±42 0.36 371±69 246±44 0.10

GCF [IL-1ß] (pg/ul±SEM) 160±16 137±11 0.23 158±14 115±8 0.004
<4 mm 172±27 105±25 0.06 140±25 65±9 0.005
4-6 mm 156±23 124±12 0.19 166±20 124±9 0.025
>6 mm 223±25 145±43 0.16 178±35 151±23 0.55

GCF Total TNFα
(pg/sample±SEM) 2.2±0.32 2.0±0.29 0.78 3.1±0.65 4.5±0.9 0.32

<4 mm 2.1±0.54 2.0±0.47 0.97 1.4±0.45 1.7±0.45 0.93
4-6 mm 1.8±0.34 1.8±0.42 0.92 3.0±0.73 5.6±1.5 0.15
>6 mm 2.6±1.3 3.1±1.0 0.77 10.5±4.6 4.8±1.6 0.20

GCF [TNF] (pg/ul±SEM) 1.8±0.27 2.7±0.52 0.27 2.1±0.40 3.2±0.61 0.27
<4 mm 2.4±0.60 4.2±1.6 0.07 1.3±0.40 1.4±0.38 0.94
4-6 mm 1.5±0.28 2.2±0.53 0.49 2.1±0.54 4.0±0.99 0.13
>6 mm 1.6±0.77 2.3±0.75 0.77 5.0±2.0 2.7±0.89 0.45
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tions in GCF were not correlated at
baseline for either group.

IL-1α, IL-1ß, and TNFα in
Gingival Tissue 
Mean tissue cytokine levels are pro-
vided in Table 3. The tissue samples
from the PAG(+) group demon-
strated a 3.6-fold higher mean
concentration of IL-1ß at baseline
versus PAG(-) patients, and this
difference approached but did not
reach significance (P = 0.09). Tissue
levels of IL-1ß following treatment
were much lower in both groups, and these differences
were not significant.

Mean IL-1α concentrations in tissue were not signifi-
cantly different when comparing groups at baseline or
after therapy. Treatment did induce a reduction in the
concentration of IL-1ß in both groups. The reduction
approached significance in the PAG(-) group (P = 0.06).
The reduction was not significant in the PAG(+) group
due to pronounced variability in IL-1α tissue concentra-
tions in these patients prior to therapy (P = 0.27).

The correlation of tissue levels of IL-1ß and IL-1ß in
GCF before treatment was also determined. When all
patients were considered, tissue IL-1ß was significantly
correlated with total IL-1ß in GCF (r = 0.44; P <0.05).
For the PAG(-) patients, the correlation of tissue IL-1ß
and total IL-1ß in GCF was 0.59 (P <0.02). For PAG(+)
patients, the correlation was of similar magnitude (r =
0.53), but this relationship did not reach significance (P
= 0.24) since only 7 patients were in this group. TNFα
was below the detection threshold of 3 pg/ml in all of
the tissue samples.

DISCUSSION
This study demonstrated differences in crevicular fluid
levels of the proinflammatory cytokine IL-1ß in patients
who are similar in regards to severity of periodontal dis-
ease but differ in the composite IL-1 genotype that has
been associated with more severe periodontitis.11 One
of the genetic polymorphisms that comprises the peri-
odontitis-associated genotype has been shown to be
associated with elevated IL-1 expression in vitro.9 The
data presented here indicate that the composite geno-
type is associated with increased phenotypic expression
of IL-1ß in tissue and crevicular fluid samples from the
periodontium.

Whereas bacteria are clearly the initiators of peri-
odontal disease, specific organisms or groups of spe-
cific organisms have not fully explained disease severity
or the clinical course of disease.16 Several lines of evi-
dence, including twin studies,17 have implicated the
host genetic influence on the pathogenesis and clinical
course of periodontal disease in adults. However, other
than the recent association of IL-1 genetic factors with

more severe periodontitis,11 specific genes have not
been associated with adult periodontal disease.18

Probing depth at a specific site had an important
influence on the relationship between genotype and
local IL-1ß levels. Although there was a trend towards
higher mean GCF IL-1ß in PAG(+) versus PAG(-)
patients at baseline and follow-up for both total amount
and concentration of this cytokine, the differences
between groups in total GCF IL-1ß and IL-1ß concen-
tration were statistically significant when probing depth
was considered. Prior to treatment, shallow sites (<4
mm) from PAG(+) patients were found to contain 2.5
times the amount of IL-1ß observed in PAG(-) patients.
Furthermore, in the shallow sites, PAG(+) individuals
had 40% greater IL-1ß concentration compared to
PAG(-) patients. The finding of genotype differences in
GCF IL-1 levels in shallow sites is consistent with recent
observations in diabetics19 in which GCF IL-1ß levels
were elevated even in sites with minimal to no clinical
disease.

It is also of interest that prior to therapy, deep sites
did not demonstrate differences by genotype. Untreated
sites with deeper probing depths represent a more sig-
nificant bacterial challenge associated with greater
influx of polymorphonuclear leukocytes and
macrophages. These 2 cell types have been reported to
be the primary source of IL-1ß in the crevicular environ-
ment.6 Hence, increased numbers of these cells would
result in increased local levels of proinflammatory
cytokines. Histological evaluation of tissue from
advanced adult periodontitis lesions reveals an exten-
sive cellular infiltrate that may achieve a local cytokine
output which approaches its maximal potential, even in
PAG(-) individuals. Deep untreated periodontitis sites
may, therefore, not demonstrate differences in IL-1ß
regardless of genotype. Further, it is logical to suggest
that future studies should consider the expression of IL-
1ß in GCF with regard to the presence of important
pathogens; i.e., Gram-negative species such as
Porphyromonas gingivalis.

This study also showed that the IL-1 genotype may
influence IL-1ß levels in the GCF following therapy. The
treatment-induced change in the concentration of GCF
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Table 3.

Mean Tissue pg/µg dsDNA (±SEM) of IL-1ß, IL-1α, and TNFα
in Gingival Fluid From PAG(+) and PAG(-) Groups .

Tissue Baseline 3 Weeks

PAG(+) PAG(-) P PAG(+) PAG(-) P

IL-1ß 2699±1587 738±234 0.09 529±177 429±118 0.20

IL-1α 7537±4253 4841±1454 0.45 2315±736 2359±561 0.96

TNFα ND ND - ND ND -
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IL-1ß in PAG(+) patients was different from what was
observed for the PAG(-) patients. After treatment, the
concentration of IL-1ß in crevicular fluid from PAG(-)
patients decreased by a mean of 18.5%, while the con-
centration in PAG(+) patients did not change. At this
post-treatment evaluation, the difference in IL-1ß con-
centration between genotype groups reached signifi-
cance. Future studies must determine whether the IL-1
genotype-influenced differences in GCF IL-1ß levels
remain over the long term.

The tissue cytokine patterns were similar to what was
observed for GCF. Although not statistically significant,
the mean concentration of IL-1ß in tissue collected from
PAG(+) patients was 3.6 times higher than what was
observed for the PAG(-) patients at baseline, and treat-
ment reduced tissue concentrations of IL-1ß and IL-1α
in both genotype-groups (80% and 69%, respectively, in
PAG(+) patients, and 41% and 46%, respectively, in
PAG(-) patients). 

Thus, the total amount as well as concentration of IL-
1ß in the GCF and tissues was higher in PAG(+) sub-
jects than in PAG(-) subjects both before and after treat-
ment. It was interesting to observe that differences in
GCF levels of IL-1ß between PAG groups were more
obvious after therapy. This is likely related to a decrease
in the contribution of extrinsic variables that control
phenotypic expression of IL-1ß in the local environment
(i.e., magnitude of the subgingival infection). As a
result, following scaling and root planing, the contribu-
tion of intrinsic variables (i.e., genotype differences)
would be a more important determinant of cytokine
expression.

Genotype influences on the amount and concentra-
tion of IL-1ß in GCF may also help to explain conflicting
data concerning the effect of therapy on the levels of
this cytokine.20 Future studies of periodontal therapy
may need to stratify patients by their innate capacity to
produce IL-1ß before such studies are undertaken. This
may be of special importance in studies that are
designed to assess the influence of mechanical or
chemical therapies on IL-1α, IL-1ß, or mediators that
are strongly regulated by IL-1, such as PGE2 and matrix
metalloproteinases.6

Another potential determinant of the local IL-1 pro-
tein levels may be whether the individual carries 1 or 2
copies of allele 2 at the genetic loci in question. Cork
and coworkers9 have shown that peripheral blood
monocytes from individuals who were homozygous for
allele 2 at IL-1ß +3953 produced approximately 4 times
more IL-1ß than those who were homozygous for allele
1, and the heterozygous individuals produced approxi-
mately 2 times more. Although individuals who are
homozygous for allele 2 at either the IL-1ß +3953 locus
or the IL-1A +4845 locus are uncommon, 2 homozy-
gotic individuals at each locus happened to be included
in this patient population. The 2 individuals who were

homozygous for allele 2 at the IL-1A +4845 locus pro-
duced very high tissue levels of IL-1α, and the 2 individ-
uals who were homozygous for allele 2 at the IL-1ß
+3953 locus produced very high tissue levels of IL-1ß.
Many more subjects must be studied to understand how
various combinations of alleles in this composite IL-1
genotype influence protein expression in the local
lesion.

Diagnosis of periodontal diseases currently relies
upon clinical parameters, including probing depth, clini-
cal attachment loss, bleeding on probing, suppuration,
signs of tissue inflammation such as erythema and
edema, and radiographic evidence of alveolar bone
loss. The severity of the clinical parameters has been
linked to the presence of bacterial plaque and calculus,
since removal of the microbial challenge by mechanical
or pharmacologic means is usually associated with
improvement in clinical parameters. The long-term
studies of treated periodontal patients1,2 have shown,
however, that despite adequate therapy, there are
patients who continue to experience active disease.
These studies have not been able to determine specific
clinical characteristics that identify the individuals who
are likely to show continued progression of disease. The
challenge, of course, remains to identify these individu-
als prior to disease progression. It is tempting, based on
the increased production of IL-1 and the less impressive
response to scaling and root planing, to suggest that the
PAG(+) individuals would be more likely to have refrac-
tory periodontitis. That conclusion cannot be drawn
from the data presented here, but certainly represents
an important opportunity for future research.

We conclude that the findings of elevated crevicular
IL-1ß in the shallow sites and the persistence of IL-1ß in
GCF following initial therapy represent tangible mani-
festations of a genetic risk factor for periodontitis, and
hence monitoring of GCF levels of IL-1ß may be one
approach for evaluation of the effectiveness of therapy
for the genotype-positive patients. Future studies may,
therefore, explore the use of agents that are known to
reduce IL-1 levels or the local effects of IL-1 in PAG(+)
patients. A recent report21 has shown that specific local
blockage of IL-1 and TNF significantly reduced peri-
odontal destruction in a monkey periodontitis model.
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