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Abstract. The aim of this study was to determine the association of poly-
morphisms CCR5G59029A and RANTES -28C/G in chronic periodontitis (CP)
and type 2 diabetes mellitus (T2D). A case control study was carried out that
included 163 patients with CP and/or T2D. A periodontal examination was
done on all potential participants in order to diagnose CP. To confirm the diag-
nosis of T2D, peripheral blood samples were collected for laboratory analyses
(blood glucose and glycosylated hemoglobin). Genotyping was performed by
PCR-RFLP. The Genotype AA of CCRS G59029A increased the risk for CP 7.36
times (95% CI = 1.14-78.27, p = 0.03). This genotype’s A allele also increased
T2D risk 2.23 times (95% CI = 1.10-4.54, p = 0.02). Genotype CG of RANTES
-28 C/G increased CP risk 5.99 times (95% CI = 1.93-18.57, p = 0.002). Its
G allele also raised CP risk 4.55 times (95% CI = 1.58-13.04, p = 0.002). In
patients suffering both CP and T2D, the CG genotype was associated with the
diseases, increasing their risk 4.68-fold (95% CI = 1.60-14.03, p = 0.004). Its
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G allele raised CP and T2D risk 3.8 times (95% CI = 1.35-10.67, p = 0.008).
The AA genotype and allele A of G59029A polymorphism of CCRS gene is a risk
factor for CP. The CG genotype and allele G polymorphism RANTES -28 C/G
gene are risk factors for CP in the population studied. The CG genotype and G
allele polymorphism RANTES -28 C/G showed a strong association and a subse-
quent risk factor for the coexistence of CP and T2D.

Asociacion de los polimorfismos CCR5 G59029A y RANTES
-28 C/G en pacientes con periodontitis cronica y/o diabetes
mellitus tipo 2 en una poblacion del sureste mexicano.

Invest Clin 2018; 59 (2): 135 - 145
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Resumen. El objetivo de este estudio fue determinar la asociacion de los
polimorfismos CCR5 G59029A y RANTES -28 C/G con la periodontitis crénica
(PC) y la diabetes mellitus tipo 2 (DT2). Se realiz6 un estudio de casos y contro-
les en el que se incluyeron a 163 pacientes con PC y/o DT2. Se realiz6 un exa-
men periodontal a cada participante para confirmar ¢l diagndstico de PC. Para
la confirmacion de la DT2 fueron realizados analisis clinicos en muestras san-
guineas (hemoglobina glucosilada y glucosa en sangre). La determinacion de
los genotipos se realiz6é por PCR-RFLP. El genotipo AA del polimortismo CCRS
G59029A fue un claro factor de riesgo para PC incrementando este en 7,36
veces (IC del 95% = 1,14-78,27, p=0,03). El alelo A de este genotipo, también
increment6 el riesgo de DT2 en 2,23 veces (IC del 95% = 1,10-4,54, p = 0,02).
El genotipo CG del polimorfismo RANTES -28 C/G increment6 el riesgo de PC
hasta 5,99 veces (IC del 95% = 1,93-18,57, p = 0,002). Su alelo G también
aument6 el riesgo de PC 4,55 veces (IC del 95% = 1,58-13,04, p = 0,002). El
genotipo CG increment6 el riesgo de coexistencia de ambas enfermedades en
4,68 veces (IC del 95% CI = 1,60-14,03, p = 0,004). El alelo G aument6 el
riesgo de PC y DT2 3,8 veces (IC del 95% = 1,35-10,67, p = 0,008). De acuerdo
con los resultados de la presente investigacion, el genotipo AA y el alelo A del
polimorfismo G59029A del gen CCRS se pueden considerar como factores de
riesgo para PC. El genotipo CG y el alelo G del polimortismo RANTES -28 C/G
también son un factor de riesgo para PC en la poblacién estudiada. El genotipo
CGy el alelo G del polimorfismo —28 C/G del gen RANTES mostraron una fuer-
te asociacion con PC y DT2 juntas, por lo que constituyen un factor de riesgo
para la coexistencia de estas enfermedades.
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INTRODUCTION condition in which infections and/or injury

lead to destruction of the soft tissues and

Type 2 diabetes mellitus (T2D) is a bony support forming the tooth insertion
well-known risk factor for the severity and (1). Diabetic patients with poor periodontal
progression of chronic periodontitis (CP), a health are 2.8 times more likely to develop a
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destructive CP, and 4.2 times more likely to
exhibit progressive loss of alveolar bone. Full
understanding of the relationship between
CP and T2D is vital, since control of blood
glucose levels in conjunction with proper
periodontal treatment can help control CP
and reduce alveolar bone loss (2).

Chemokines are chemo-attractants
structurally related to cytokines, that ac-
tivate specific leukocyte subsets (3-5) that
in turn play an important role in focal im-
munity diseases such as CP (6). These mol-
ecules recruit and activate leukocytes in
inflamed tissues, therefore playing a funda-
mental role in mediation and regulation of
immune and inflammatory reactions (7, 8).
The CCR5 chemokine receptor is expressed
on the surface of white blood cells, macro-
phages/monocytes and activated T lympho-
cytes. Among its ligands is RANTES, which
can be produced by fibroblasts, endothelial
cells, monocytes/macrophages, osteoblasts
and mastocytes (9). The RANTES chemokine
is known to be present in the crevicular flu-
id of CP patients and absent in people with
healthy gums; this suggests a relationship
between this chemokine and periodontal
disease.

The CCRS receptor and its ligands are
expressed in periodontal disease where they
may contribute to migration of inflammatory
cells, allowing more complete development
of the disease and leading to greater bone
loss by reabsorption (10). The G59029A
polymorphism conditions up to a two-fold
increase in CRRS expression (4), as well as
an increase in CCRS expression in mono-
nuclear cells in peripheral blood (11). The
RANTES gene belongs to the CC chemokine
family and contains the -28 C/G polymor-
phism. Located in the promoter region, it
directly affects —28 C/G transcription, indi-
cating that this polymorphism can increase
expression of the RANTES cytokine. Host
genetics are thought to modulate the se-
verity of disease caused by infection. Genes
encoding chemokine ligands and receptors,
have been found to play important role in in-

flammatory response, which most frequently
involve the recruitment of leukocytes in or-
der to eliminate infectious agents (12). The
objective of the present study was to identify
any associations that CCRS G59029A and
RANTES -28C/G polymorphisms may have
with CP and T2D.

MATERIAL AND METHODS

A case control study was carried out us-
ing the following selection criteria. Inclusion
criteria: Patients 30 to 65 years of age, of
either sex, unrelated, with a CP and/or T2D
diagnosis, and patients 30 to 65 years of age,
of either sex, unrelated, with no previous CP
and/or T2D diagnosis and no family histo-
ry of T2D. Exclusion criteria: Patients with
known systemic discases such as epilepsy,
anemia, liver and/or thyroid disecases, those
receiving chemotherapy or radiotherapy, ac-
tive gum diseases, those that had received
an antibiotics cycle in the three months
prior to the study, those that had received
periodontal treatment in the twelve months
prior to the study, and pregnant or nursing
women. All patients agreed to participate in
the study via written consent. A periodontal
examination was done on all potential par-
ticipants in order to diagnose CP, and inter-
views were conducted to determine if they
met the inclusion criteria.

A dental history and complete physi-
cal examination were done of each patient,
and a William’s periodontal probe was used
to measure periodontal pocket depth and
insertion loss. All teeth were probed fol-
lowing the clinical criteria proposed in the
1999 International Workshop for Periodon-
tal Disease and Condition Classification and
the consensus reported in the 5th European
Workshop on Periodontology (13), and the
findings were recorded on a periodontagram
designed for this purpose. Anthropometric
measurements (weight, height and BMI)
were determined for all participants. To con-
firm T2D diagnosis, peripheral blood sam-
ples were collected for laboratory analyses
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(blood glucose and glycosylated hemoglo-
bin) following established guidelines (NOM-
015-SSA-1994) (14) for diabetes mellitus
prevention, treatment and control. Once the
patients in each group were classified, sam-
ples were coded and stored at —70°C.
Polymorphism analysis was done using
PCR and RFLP. Genomic DNA extraction
was done using 1.5 mL blood with EDTA ac-
cording to Higuchi (15). Using established
primers (Table 1), genomic DNA was extract-
ed from blood for polymorphism analysis of
CCR5 G59029A. The DNA was amplified with
a 25 uL final PCR volume. Amplified frag-
ment size was 268 bp, which has a cut site
for the enzyme BSP1286I. Electrophoretic
analysis of the digestion products was per-
formed on 12% polyacrylamide gel stained
with silver nitrate. Genotype identification
was done based on digestion product size.A
similar process was used to analyze the RAN-
TES -28 C/G polymorphism (Table I). The
fragment size was 173 bp, with two cut sites
for MnlI for the C allele; one site was lost for
the G allele. The amplified fragments were
digested with the enzyme and the digestion
products analyzed with electrophoresis, us-
ing 18% polyacrylamide gels stained with
silver nitrate. Genotype identification was
done based on digestion product size. Simple
counts were used to quantify genotype and
allele frequencies for the CCR5 G59029A
and RANTES -28 C/G polymorphisms. This
was done for both cases and controls, and the
frequency distributions analyzed by applying
population parameters for Hardy-Weinberg

equilibrium. The association between the
polymorphisms and CP and/or T2D risk was
calculated using Chi-squared and Fisher’s
tests, considering a p < 0.05, and the odds
ratio; confidence interval was 95% (OR, 95%
CI). Each case group was compared to the
control group.

RESULTS

A total of 163 patients were recruited
from three health institutions in the state of
Yucatan, Mexico. With regard to sex, we ob-
served a higher frequency of women (63.2%)
than men (36.8%). Based on existing con-
dition, the patients were divided into four
groups (three cases, one control) (Table II).
Measurement of glycosylated hemoglobin
(HbAlc < 7%) in T2D patients showed that
53% (n = 44) were apparently under control.
This analysis included T2D and CP/T2D pa-
tients. No statistically significant differences
were observed with respect to the BMI (Ta-
ble II).

The most frequent genotypes for the
CCR5 G59029A polymorphism for the CP
group were GA (47.4%) and AA (47.4%).
For the controls, the most frequent was GA
(52.4%). The A allele was the most frequent
(CP = 71.1%; controls = 52.4%) in both
groups. The most frequent genotype of the
RANTES -28 C/G polymorphism was CC (CP
= 55.3%; controls = 88.1%), and the most
frequent allele was G (CP = 77.6%; controls
= 94.0%). Frequency distributions in both
polymorphisms fitted the Hardy-Weinberg

TABLE 1
PRIMERS AND CONDITIONS USED IN PCR ANALYSIS OF THE CCRS AND RANTES GENES

Primers 5°-3’

Size of PCR
product (bp)

Annealing
temperature (°C)

F: CAG TCA ACC TGG GCA AAG CC
R: AGC TTT GGT CCT GAG AGT CC

CCRS5 G59029A

50 268

F: ACA GAG ACT CGA ATT TCC GGA

RANTES -28 C/G

50 173

R: CCA CGT GCT GTC TTG ATC CTC
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TABLE II
DISTRIBUTION OF CASES AND CONTROLS GROUPS BY BMI, BLOOD GLUCOSE
AND GLYCOSYLATED HEMOGLOBIN

Mean += SD (Range)

Glycosylated hemoglobin
Mean = SD (Range)

Blood glucose

BMI
Mean = SD (Range)
CcP 29.06+0.78
n=38 (19.01-39.78)
Cases T2D 31.78+0.98
n=34 (22.60-44.57)
CP/T2D 30.30+0.66
n=49 (22.44-41.14)
C
Controls n=42 28.67+0.69

(19.47-47.04)

97.9242.83 5.32+0.19
(72.77-188.40) (2.80-7.55)
166.96£12.13 7.24+0.49
(70-337.96) (2.30-13.80)
170.45+9.57 18.17+0.39
(82.94-362.64) (4.04-15.42)
92.1442.27 5.48+0.16
(60.14-165) (2.10-6.63)

CP: periodontitis T2D: type 2 diabetes mellitus BMI: body mass index.

equilibrium expectations of the control
population. When comparing genotype AA
of CCR5 G59029A between the cases and
controls, a significant association (p = 0.03)
with CP was identified, as well as a 7.36-fold
greater risk of CP (95% CI = 1.14-78.27).
A significant difference (p = 0.02) in al-
lele frequencies between CP patients and
healthy controls was found in a comparison
of A allele frequencies, along with a 2.23-
fold greater risk of CP (OR = 2.23; 95%
CI = 1.10-4.54) (Table III).

Genotype frequencies of RANTES -28
C/G in CP patients, exhibited an association
(p = 0.002) between CG and CP and a 5.99
times greater risk of CP (95% CI = 1.93-
18.57). In allele frequencies analysis, G al-
lele distribution was found to be associated
(p = 0.002) with CP, and the risk of CP
was 4.55 times greater (OR = 4.55; 95%
CI = 1.58-13.04) (Table III).

When comparing CCR5 G59029A fre-
quencies between the T2D and control
groups, GA was the most frequent genotype
(T2D = 53.0%; control = 52.4%), and the A
allele the most frequent (T2D = 64.7%; con-
trol = 52.4%). For RANTES -28 C/G, the CC
genotype was most frequent (T2D = 82.4%;
control = 88.1%), and the C allele was the
most frequent (T2D = 91.2%; control =
94.0%) (Table IV). In the comparison be-

tween the CP/T2D group and the control for
CCR5 G59029A, the GA genotype was the
most frequent (CP/T2D = 55.1%; control =
52.4%), and the A allele the most frequent
(CP/T2D = 60.2%; control = 52.4%). For
RANTES -28 C/G, the most frequent geno-
type was CC (CP/T2D = 61.2%; control =
88.1%), and the most frequent allele was C
(CP/T2D = 80.6%; control = 94.0%) (Ta-
ble V). An association (p = 0.004) was iden-
tified in this group between the CG genotype
of RANTES -28 C/G and CP/T2D, with a 4.68
times greater risk (95% CI = 1.60-14.03).
There was also an association (p = 0.008)
between the G allele and CP/T2D, with a 3.8
times greater risk (95% CI = 1.35-10.67).

DISCUSSION

Previous studies suggest, that the
chemokine-receptor complex operates in
periodontal tissue; this complex consists
of the chemokines CCL3, CCL4 and CCL5
(RANTES) and their receptors, CCR1, CCR3
and CCRS. The CCRS receptor has been ob-
served to mediate chemo-attraction of pro-
leukocytes and osteoclasts, reinforcing the
role of cytokines in CP pathogenesis (16).
RANTES expression may cause an increase
in the CCRS receptor; this could lead to
greater destruction of periodontal tissues,
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since the CCRS carrier cell population in-
cludes osteoclast precursors from a mono-
cyte lincage. This has a relationship with an
increased bone reabsorption activity during
CP (16). In mononuclear blood cells such as
lymphocytes and monocytes, the AA geno-
type of the CCRS G59029A polymorphism,
has been reported to augment CCRS ex-
pression as well as alterations to the ligand
binding properties (17, 18). An increase in
this RANTES receptor, could lead to great-
er destruction of periodontal tissues in the
presence of CP, because the CCRS receptor
is linked to the production of osteoclastic
cells, which act directly upon the bone tis-
sue supporting the tooth (19). The RANTES
-28 C/G polymorphism is located in the re-
gion promoting its transcription, leading to
an increase in the RANTES chemokine in the
organism (20,21). This increase may directly
affect the development of CP, since RANTES
has been reported in CP patients (6), and
regulates the equilibrium between pro and
anti-inflammatory Th1 response cells. Oral
cancer studies have reported that patients
with the G allele are 2.84 times more likely
to have oral squamous cell carcinoma (22).

Other studies have investigated the dis-
tributions of RANTES and CCRS5 genotypes
in HIV-1 infected patients and had different
conclusions. Gong et al. (23) suggested that
the RANTES -28G allele might play a role in
resistance to HIV-1 infection among Asians
and Gupta et al. (24) did not observe an as-
sociation between G59029A of the CCRS
gene and HIV infection in the Indian popu-
lation. On the other hand, Fang et al. (25)
suggested an association between the -28G
allele and asthma risk in Asian children, but
not in Caucasian children.

A number of studies in different pop-
ulations have identified an association be-
tween T2D and CCRS G59029A. In one
project in India, independent studies were
done on populations in the country’s north
and south (26). The northern population ex-
hibited a strong association (p = 0.0001)
between the polymorphism and T2D, with
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a risk of T2D that was 2.22 times (95% CI
1.71-2.87) greater than in controls. An as-
sociation (p < 0.001) was also found in the
southern population, with a 2.17-fold great-
er (95% CI 1.43-3.29) risk of T2D. This
differs from the present results in which
no association (p > 0.05) between CCR5
G59029A and risk of T2D was observed. In
a study of T2D patients with chronic renal
insufficiency (CRI) in the presence of CCRS
G59029A, an association (p = 0.028) was
found between CRI and presence of the AG
genotype in T2D patients. No association
was identified in the present study, between
the AG genotype of CCR5 G59029A and
T2D; like Ting et al. (27) who observed no
link between CCRS G59029A and coronary
artery disease. It is possible that one conclu-
sion drawn in one population or racial group
may be totally divergent from another. Since
racial differences are common in polymor-
phic systems (28), various alleles or geno-
types or genes interacting with one another,
may exert their influences on the manifesta-
tions of the clinical phenotype (29) in dif-
ferent populations. In the present study, a
strong association was found between this
polymorphism and CP in that it led to a 4.9
times greater risk of suffering more severe
CP. This is the first study of this association
and therefore establishes a base for future
research into the role of CCR5 G59029A in
CP pathogenesis. No known research has
been done on the relationship between the
RANTES -28 C/G polymorphism and CP, al-
though reports exist on the association be-
tween RANTES and CP; this chemokine was
found in CP patients and was eliminated
after root cleaning and polishing (6). Stud-
ies in other diseases support the participa-
tion of these polymorphisms in different
pathologies such as those reported by Weng
et al. (30) who studied the impact of these
polymorphisms on the risk and clinical-
pathological characteristics of oral cancer,
reporting a 2.8 times greater risk (95% CI
1.43-5.4) of oral cancer in the presence of
the genotype CG of polymorphism -28 C/G

of the RANTES gene compared to patients
without the polymorphism. They found no
association between disease and polymor-
phism G59029A of the CCRS gene. In the
present study, a significant association was
identified between genotype CG and allele
G of polymorphism RANTES -28 with a
5.99 (95% CI 1.93-18.57) and 4.55 (95% CI
1.58-13.04) times greater risk respectively
for CP but not in CCR5 G59029A. There are
no reports associating both polymorphisms
with CP, but Qidwai (22), who observed an
increased risk of oral cancer due to the pres-
ence of the genotype CG of polymorphism
-28 in combination with polymorphism
—-403 of the gene RANTES. There are other
reports where the presence of these poly-
morphisms is not associated with various
pathologies such as the reports of Tahara et
al. (31) found no association between this
polymorphism and ulcerative colitis in the
Chinese population. Also, Al-Qhatani et al.
(32) and Lian et al. (33) found no associa-
tion between polymorphism -28 C/G of the
RANTES gene in hepatitis B infection and
systemic lupus erythematosus, respectively.
In the same way, an association between
polymorphism G59029A of the CCR5 gene
and CP was observed. Zhao et al. (34) re-
ported an increased risk of diabetic ne-
phropathy in the presence of G59020A and
Oliveira et al. (35), also reported that the
AA genotype of polymorphism 59029 from
the CCRS gene was related to the develop-
ment of chronic heart problems in Chagas
disease. These results are similar to those
observed in our study, where a significant
association was found between the AA geno-
type with a risk of 7.36 (95% CI 1.14-78.27)
and a more destructive CP.

In terms of T2D, one study did report
an association between the GG genotype of
RANTES -28 C/G and diabetic nephropathy
in T2D patients, with a 2.2-fold increase in
risk (36). No association was identified be-
tween this polymorphism and T2D in the
present results. Ting et al. (27) did not ob-
serve an association between this polymor-
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phism and the coronary artery disease. No lit-
erature was found associating polymorphism
with CP; however, Shih et al. (6) studied del-
ta 32 polymorphism of the CCR5 gene in CP
and aggressive periodontitis; they found no
association between them, contrary to the
result observed in this study, where we found
an association between genotype AA and risk
allele A (p<0.05) with a risk of 7.36 (95%
CI1.14-78.27) and 2.23 (95% CI 1.10-4.54)
respectively. When analyzing the genotypic
and allelic frequencies of polymorphism -28
C/G of the RANTES gene and G59029A of
the CCRS gene, no association with T2D
was found. Borkar et al. (11) reported as-
sociation between this polymorphism and
end-stage renal disease, this is attributed
to genotypes AG y GG, which is contrary to
the report of the present work. Mokubo et
al. (20) conducted a study in the Japanese
population associated with polymorphism
—-28 C/G of the RANTES gene with diabetic
nephropathy, finding no association between
this disease and said polymorphism, a result
similar to the one reported in our study. Peri-
odontal disease and T2D is related, with GP
classified as the sixth complication of T2D.
No association has been reported to date
of these two diseases together with a poly-
morphism. This is the first time that such
association has been observed. In the com-
parison of patients with the RANTES -28
C/G polymorphism to those in the control
group, a clear association (p < 0.05) was
identified, with a 3.8 (95% IC 1.35-10.67)
times greater risk of suffering the CP/T2D
combination. Bagci et al. (37) studied the
association of CCRS5 G59029A in patients
with chronic renal failure (CRF) and hyper-
tension, T2D and atherosclerosis (AS) find-
ing association between CRF and AS with
a risk of 2.58 (95% CI 1.21-5.51) and T2D
with a risk of 1.69 (95% CI 1.21-5.51) (39);
this result diverges from our study where no
association was found between CP/T2D and
this polymorphism. Mlynarsky et al. (38),
studied the risk of diabetic nephropathy in
male patients with T1D, and found no asso-

ciation with the presence of polymorphism
G59029A of the CCRS gene. This result is
similar to observed in our study. In conclu-
sion, the CCR5 G59029A polymorphism of
the CCRS5 gene, is a risk factor for devel-
oping CP in patients carrying the mutated
homozygote or heterozygote genotype. The
RANTES -28 C/G polymorphism is a risk fac-
tor for CP and the CP/T2D combination in
patients carrying the mutated homozygote
or heterozygote genotype. The relationship
between CP and T2D, and the resulting peri-
odontal destruction, may involve more than
an interaction between immunological reac-
tions. It may be a genetic component that
predisposes patients to more extreme re-
sponses to etiological factors of CP, and thus
place them at higher risk of developing more
acute forms of this disease.
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