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Serum monocyte chemoattractant protein-1
is a biomarker in patients with diabetes and
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Introduction: The role of serum Monocyte Chemoattractant Protein-1 (MCP-1) as a biomarker of periodontitis is well documented;
however, its role in diabetic patients with periodontitis is unknown. Aim: This study was conducted to determine the presence and
concentration of serum MCP-1 in diabetic patients with and without periodontitis and correlate it glycemic status with periodontitis.
Materials and Methods: Adult diabetic patients were enrolled and grouped into group |, Il, and Ill based on their glycemic status
and serum MCP-1 estimated by ELISA. Linear regression and correlation tests were performed using R statistical software, Medcalc
software to observe correlation between the serum MCP-1 and glycated hemoglobin level among different groups. Results: Serum
samples obtained from 37 patients tested positive for MCP-1. Mean serum MCP-1 concentration was highest (482.3 pg/ml) in group IlI,
lowest (149.3 pg/ml) in group |, and intermediate 398.8 pg/mlin group Il. Correlation and regression analysis was done between HbA1c
and serum MCP-1. A significant positive correlation (P < 0.001) was observed. Serum MCP-1 increased by 37.278 pg/ml for every 1%

rise in HbA1c, and the levels were raised in group Il and group Il than in group | irrespective of their glycemic status. With an HbA1c
range of 6.5-6.9% (group ll), the serum MCP-1 values cluster around 380-410 pg/ml. Elevated levels of serum MCP-1 (>500 pg/ml)
in three subjects corresponded to HbA1c values more than 12.2% (group Ill). Conclusion: To our knowledge, this is the first study to

document serum MCP-1 levels in diabetic patients with periodontitis. Glycemic status influences serum MCP-1, and lack of glycemic
control contributes to increased serum MCP-1 levels. Serum MCP-1 may thus serve as a biomarker of inflammation and disease

progression in diabetes with periodontitis.
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INTRODUCTION

Diabetes of long duration results in irreversible functional
and structural damage leading to several complications. One
such complication is periodontal disease or periodontitis.!"!
Diabetes is often associated with severe periodontal disease
and is considered a risk factor for periodontal disease
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progression.”! Analysis of the National Health and Nuttition
Examination Survey (NHANES) 111 data set showed that
the prevalence of diabetes in patients with periodontal
disease is twice of that seen in non-periodontal disease
patients (12.5% versus 6.3%).1" In India, up to 70% of the
adult population appeats to have petiodontal disease and
in the diabetic, this is estimated to be 82.7%."!

Inflammation is considered to be a major contributing factor
in the development of complications.! Periodontal disease
is caused by periodontal pathogens such as Porphyromonas
gingivalis, Actinobacillus actinomycetemcomitans, Campylobacter
rectus etc., Disease progression is mediated by the host
inflammatory response.”! Pro-inflammatory cytokines and
chemical mediators are significantly increased in gingival
inflammation and in periodontal disease progression.’
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Monocyte chemoattractant protein-1, a chemokine, is
implicated in the pathogenesis of numerous complications
of diabetes."” Various studies have documented the role
of MCP-1 in periodontal disease.!""'

The role of MCP-1 has been studied in the pathogenesis of
interstitial lung disease,!"” breast cancer cells,"* theumatoid
arthritis,” cytomegalovirus encephalitis,!'” and small cell
vasculitis.[']

The over expression of MCP-1 is found to increase
insulin resistance by initiating macrophage infiltration
of the adipose tissue and thus predisposing to the onset
of diabetes mellitus."® MCP-1 may play a role in the
development of numerous complications of diabetes
in angiopathy!"” and cause infiltration and activation of
monocytes in the glomerulus, which leads to the diabetic
nephropathy.® The increased level of MCP-1 in microglia
and macrophages leads to the development of diabetic
retinopathy.*!!

The role of serum MCP-1 as a biomarker of periodontitis
is well documented; however, its role in diabetic patients
with periodontitis is unknown. This study was conducted
to determine the presence and concentration of serum
MCP-1 in diabetic patients with and without periodontitis
and to correlate it with glycemic status with periodontitis.

MATERIALS AND METHODS

A prospective exploratory study was conducted in diabetic
patients with and without periodontal disease, attending the
out-patient clinic in a tertiary care hospital in sub-urban
Chennai. The study was conducted between April 2011
and October 2011. The study protocol was approved by
the Institution ethics committee, and informed consent
was obtained. Sample size was determined based on the
number of patients to be enrolled to obtain a meaningful
data and was done in consultation with a statistician using
convenient sampling,

Inclusion and exclusion criteria

Adult diabetic patients with (=18 yrs) with type II DM
who had not received any kind of dental treatment or
prophylaxis in the past six months were included and the
patients with hypertension,” cardiovascular disorders,*!
abnormal hepatic function,**! hemoglobinopathies,
renal failure, retinopathy,?! pregnancy, patients on current
antibiotic treatment or prophylaxis and other endocrine
disorders such as hypothyroidism, hypo-parathyroidism,
Addison’s disease, Cushing’s syndrome, and thyroid cancer,
which would influence serum MCP-1 levels, were excluded
from the study. Patients who were smokers, pan chewers, as

well as habitual consumers of alcohol were also excluded.

Assessment of glycemic status

Subjects with HbAlc <7% were considered to have well
controlled diabetes and pootly controlled/uncontrolled
diabetes if HbAlc 27%.1" Fasting blood sugar (FBS) level,
post-prandial blood sugar (PPBS) level, MPG, lipid profile,
and routine urine analysis were also recorded.

Oral health assessment

Periodontal status of the study population was assessed
by oral examination by a qualified dentist. Patients were
enrolled for oral hygiene index (OHI-S), evaluation
of bleeding on probing (BOP), periodontal probing
depths (PPD), and clinical attachment loss (CAL). Presence
of BOP, PPD >5 mm, and CAL >3 mm” were considered
diagnostic criteria for periodontal disease.

Categorization of the study population

Patients were categorized into three groups based on their

glycemic control and periodontal status. Subsequently, the

demographic details, general health conditions, oral hygiene

behavior, and periodontal evaluation were analyzed.

Group I:  Consists of diabetic patients with good glycemic
control with no signs of periodontal disease

Group 1I: Consists of well-controlled diabetic patients
with evidence of periodontal disease

Group 11I: Consists of diabetic patients with poor glycemic
control and showed evidence of periodontal
disease.

Collection of clinical specimens

Four milliliter of blood was collected in a sterile
vacutainer (BD diagnostics, Franklin Lakes, USA) and
immediately transferred to the laboratory. The samples were
centrifuged at 3500 rpm for 15 min and were aliquotted
and stored at -70°C until the time of assay.

Determination of MCP-1 concentration in serum

Serum MCP-1 levels were determined using a quantitative
sandwich enzyme-linked immunosorbent assay (Human
CCL2 (MCP-1) ELISA kit, Bioscience, Inc., Catalogue
Number: 88-7399).%" The sensitivity of the assay was
7 pg/ml-1000 pg/ml for MCP-1. The kit has been
calibrated with National Institute for Biological Standards
and Control (NIBSC); the co-efficient of vatiation of this
assay is 3.3%.

The absorbance (OD) was measured at 450 nm by the
ELISA plate reader (Multiskan EX primary EIA V.2.3). The
concentration of MCP-1 was estimated using the reference
calibrated standard curve.
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The mean and range of MCP-1 concentrations and HbAlc
values groups were calculated. Simple linear regression
and correlation tests were performed using R statistical
software (version 2.11.0), Medcalc software (version 12.6.1)
to observe correlation between the serum MCP-1 and
glycated hemoglobin level. The age and gender analysis
were analyzed only after the completion of the study.

REsuLTS

The study group comprised of 37 adult diabetic patients;
majority (62%) were females (# = 21) and 18.9% were
males (7 = 10).

Both group I and group 1I consisted of well-controlled
diabetic patients with a mean HbAlc of 6.2% and a range
of 5.2-6.9%. In diabetic patients with poor glycemic
control (group I1I), the mean HbAlc was 9.5% with a range
of 7.8-13.1%. [Table 1] Group I patients were younger with
a mean age of 26.86 years [Table 1].

All 37 diabetic patients’ serum samples tested positive for
the presence of MCP-1, with concentrations that ranged
from 135.6-543.5 pg/ml. In diabetics with good glycemic
control and no evidence of periodontal disease (group I), the
mean serum MCP-1 concentration was 149.3 pg/ml (range:
135.6-160.4 pg/ml).

In group II (well-controlled diabetes with periodontal
disease), the mean MCP-1 concentration was 398.8 pg/ml
(range: 330.4-435.1 pg/ml). In diabetics with poor glycemic
control and periodontal disease (group 11I), the mean serum
MCP-1 concentration was 482.3 pg/ml (range: 460.9-
543.5 pg/ml). The mean serum MCP-1 concentration was
highest (482.3 pg/ml) in group III and lowest (149.3 pg/
ml) in group I [Table 1].

Correlation between serum MCP-1 and glycated
hemoglobin
Simple linear regression and correlation analysis

performed to observe the relation between glycated
hemoglobin (HbAlc) levels and serum MCP-1
concentrations suggests a linear progression [Figures 1b
and c] in group Il and group III. The linear progression was
more marked in group III [Figure 1¢], and the correlation
was highly significant with a P < 0.001, suggesting
that serum MCP-1 levels are markedly elevated as the
glycated hemoglobin levels increase in poorly-controlled
diabetic patients (HbAlc =27%) with periodontal disease.
In group III, in three patients with serum MCP-1
concentrations above 530 pg/ml, the corresponding
HbA1c values were found to be above 12.1%.

In group II [Figure 1b], serum MCP-1 concentrations of
320-380 pg/ml clustered around HbAlc of 6%; serum
MCP-1 was higher >410 pg/ml when the HbAlc levels
were in the range of 6.5-6.9%. Two subjects with good
glycemic control (HbAlc <6%) in group 1I had elevated
levels of serum MCP-1 (>410 pg/ml), which may be due
to the severity of the periodontal disease. The correlation
between HbAlc and serum MCP-1 was not significant in
group I (diabetic patients with good glycemic control and
no periodontal disease) [Figure 1a].

From the linear regression analysis performed on all
study subjects [Figure 2|, it was found that a 1% rise of
HbAlc resulted in 37.278 pg/ml increase of serum MCP-1
concentration, which was statistically significant. (P < 0.001).

Serum MCP-1 levels in different study groups

When we analyzed the serum MCP-1 concentrations of each
patient in the different groups, we found that the MCP-1
values tend to cluster based on HbAlc levels [Figure 3].
For example, in group I, the serum MCP-1 values
clustered below 200 pg/ml. MCP-1 values in the range of
350-450 pg/ml clustered around group II (HbAlc <7%).
In group 111, the values clustered around 460-550 pg/ml.

The serum MCP-1 concentrations in diabetic patients with
petiodontal disease were above 300 pg/ml irrespective of

Table 1: Descriptive statistics of the study groups showing mean, median, standard deviation, and range for age,

glycated hemoglobin (HbA1c), and serum MCP-1 levels

Parameters Group No. of Mean Median SD Minimum Maximum
subjects

Age (yrs) Gr-1 7 26.86 24 7.82 18 39
Gr-2 15 54.8 55 7.69 44 66
Gr-3 15 51.1 52 8.9 31 64

HbA1c (%) Gr-1 7 6.186 6.5 0.601 5.3 6.9
Gr-2 15 6.213 6.2 0.47 5.2 6.9
Gr-3 15 9.46 8.7 1.87 7.8 13.1

Serum MCP-1 Gr-1 7 149.3 150.9 9.78 135.6 160.4

(pg/ml) Gr-2 15 398.8 418.8 35.704 330.4 435.1
Gr-3 15 482.3 471.4 29.085 460.9 543.5

SD: Standard deviation
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Figure 1: (a-c) Correlations of glycated hemoglobin levels (HbA1c) with serum MCP-1 in groups |, Il, and lll respectively. The intercept values were -3.568,
23.81, and 14.62, respectively. The values are not significant in group | and group Il, whereas in group Ill, it is significant
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Figure 2: Linear Regression Analysis between HbA1c (%) and serum
MCP-1 (pg/ml) in all the study subjects shows a significant intercept value
of 37.278

their glycemic status (group Il and group 11I). However,
the serum MCP-1 levels were above 460 pg/ml in diabetic
patients with poor glycemic control and periodontal
disease (group III), whereas it was only below 450 pg/ml in
group 11 (well-controlled diabetic patients with periodontal
disease). The power of the study is 0.0014.

DiscussioN

The process of tissue destruction (connective tissue and
alveolar bone) in periodontitis results from the interaction
of bacteria or bacterial substances with host cell as well
the host response to bacterial invasion. Bacterial plaque
is responsible for inducing host inflammatory processes
followed by secondary colonization of periodontal
pathogens such as Porphyromonas gingivalis, Actinobacillus
actinomycetemcomitans, Prevotella intermedia, and others.™ The
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Figure 3: Projection of serum MCP-1 levels in all the three study groups

number of monocytes/macrophages are mote in progressing
periodontal lesions as compared to non-progressing
petiodontal lesions®! and may be closely related to the
pathogenesis and progression of periodontitis. The role of
MCP-1 has been studied in periodontal health and disease.
MCP-1 is synthesized in inflamed gingiva by mononuclear
phagocytes, endothelial cells, and osteoblasts.” Increased
levels of MCP-1 have been reported in gingival biopsies
of patients with periodontal diseasel"! and in the gingival
crevicular fluid (GCF) of periodontal patients.” The
recovery of periodontal pathogens has been studied in saliva
and varying rates of detection Tanerella forsythensis (56.9%),
Treponema denticola (38.2%), and Porphyromonas gingivalis
35.4% reported.

Periodontal disease is considered as potential risk factor
for progression of various systemic diseases, also increased
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levels of serum MCP-1 due to periodontal disease may
be a risk factor for systemic diseases.” The association
between periodontal disease and cardiovascular diseases is
well established; the role of serum MCP-1 has also been
assessed.” However, the role of MCP-1 in periodontal
disease and uncontrolled diabetes mellitus has not been
studied.

In our study, serum MCP-1 was detectable in all 37 diabetic
patients. Serum MCP-1 levels were raised in diabetic
patients with good glycemic control having periodontal
disease (group II) when compared with well-controlled
diabetic patients without periodontal disease (group I), with
even higher levels of serum MCP-1 in diabetic with poor
glycemic control having periodontal disease (group III).
Circulating levels of MCP-1 are known to be elevated in
diabetic patients! and may contribute to the development
of complications in diabetics.”**”

Diabetic patients with good glycemic control and no
periodontal disease (group I) were much younger (mean
age of 26.86 yrs) when compared with group II and
group III. The patients were enrolled in to the different
group based on their glycemic status, and it was incidental
finding that patient with good glycemic controls were
younger. Aging does increase circulating levels of
MCP-1.P¥ Experimental studies on rat model have stated
that aging induces expression of MCP-1/CCL-2 receptors
leading to age-associated arterial remodeling. However,
age-related MCP changes are gradual and do not increase
dramatically as seen in our study. We believe that MCP-1
differences cannot be dismissed because of age alone.

When the glycated hemoglobin levels were in a range of
5.2-6.9% indicating good glycemic control, the serum
MCP-1 concentrations were found to be within acceptable
limitsP” (<165 pg/ml in group I).

The concentration of MCP-1 in serum was increased by
37.278 pg/ml for every 1% rise in HbAlc. Regression
analysis performed for group 111 was found to be significant,
suggesting that poor glycemic control contributes to
increase in serum MCP-1 levels. Even in the absence of
any complications such as renal failure, retinopathy, and
cardiovascular diseases among the patients enrolled in the
study, the MCP-1 levels in the serum were elevated.

The serum MCP-1 levels clustered into specific ranges even
without knowledge of HbAlc and periodontal status. Based
on their glycemic status, the MCP-1 values were increased
in group I (135 -160 pg/ml), group II (330-435 pg/ml),
and in group III. (461-543 pg/ml) Thus, the determination
of serum MCP-1 may be used to assess both the glycemic

and periodontal status. This pattern cleatly substantiates our
categorization of diabetic patients into different groups. The
clustering of serum MCP-1 values among the different groups
of patients suggests that there may be threshold levels related
to age, glycemic status, and periodontal disease. Further studies
need to be conducted to support this. If indeed threshold
values are established, it will definitely alert the clinician to
take measures to pre-empt the progression of diabetes to
various complications. To our knowledge, this is the first
study to determine serum MCP-1 levels in diabetic patients
with periodontal disease and correlate with glycemic control.

This is a prospective exploratory study conducted in 37
diabetic patients, and MCP-1 levels were estimated as
a onetime assessment. Prospective studies need to be
undertaken with serial estimation of MCP-1 to determine
the progression to complications in larger group of patients.

CoNCLUSION

A significant positive correlation between serum MCP-1
and glycemic status (HbA1lc) has been documented. It has
been found that 1% rise of HbAlc resulted in 37.278 pg/
ml increase of serum MCP-1 concentration. Our findings
suggest that glycemic status influences serum MCP-1 levels
in diabetic patients with periodontal disease. Elevated serum
MCP-1 levels could contribute to onset and progression of
several complications in diabetes. Thus, serum MCP-1 may
serve as a biomarker of inflammatory activity and helps in
eatly detection and intervention of diabetic complications.

REFERENCES

1. Soskolne WA, Klinger A. The Relationship between Periodontal
Diseases and Diabetes. An Overview. Ann Periodontol 2001;6:91-8.

2.  Ryan ME, Carnu O, Kamer A. The influence of diabetes on the
periodontal tissues. J Am Dent Assoc 2003;134:34S-40.

3. Mohan V, Madan Z, Jha R, Deepa R, Pradeepa R. Diabetes—social
and economic perspectives in the new millenium. Int J Diabetes Dev
Ctries 2004;24:29-35.

4. Shah N, Pandey RM, Duggal R, Mathur VP, Rajan K. Oral Health
in India: A report of the multi centric study, Directorate General of
Health Services, Ministry of Health and Family Welfare, Government
of India and World Health Organisation Collaborative Program. Dec
2007.

5. Vinitha R, Khalid G, Kumar V, Vijay V, Snehalatha C,
Ramachandran A. Ramachandran. Periodontal diseases in
Asian-Indian diabetics- a study from southern India. Int J Diab Dev
Ctries 2001;21:129-31.

6. Navarro JF, Mora C. Role of inflammation in diabetic complications.
Nephrol Dial Transplant 2005;20:2601-4.

7. Newman MG, Takei H, Klokkevold PR, Carranza FA. Carranza’s
clinical periodontology. 11" ed. Amsterdam: Saunders Elsevier
Publications; 2012.

8.  Page RC. The role of inflammatory mediators in the pathogenesis
of periodontal disease. J Periodontol Res 1991;26:230-42.

9.  Ranney RR. Immunologic mechanisms of pathogenesis in periodontal

Indian Journal of Endocrinology and Metabolism / Jul-Aug 2014 / Vol 18 | Issue 4



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Radhakrishnan, et al.: Monocyte chemoattractant protein-1 as a biomarker in diabetes and periodontitis

diseases: An assessment. J Periodontol Res 1991;26:243-54.
Dragomir E, Simionescu M. Monocyte Chemoattractant Protein-1- a
major contributor to the inflammatory process associated with
diabetes. Arch Physiol Biochem 2006;112:239-44.

Jiang Y, Graves DT. Periodontal pathogens stimulate CC- chemokine
production by mononuclear and bone-derived cells. J Periodontol
1999,70:1472-8.

Hanazawa S, Kawata Y, Takeshita A, Kumada H, Okithu M, Tanaka S,
et al. Expression of monocyte chemoattractant protein 1 (MCP-1) in
adult periodontal disease: Increased monocyte chemotactic activity
in crevicular fluids and induction of MCP-1 expression in gingival
tissues. Infect Immun 1993;61:5219-24.

Hartl D, Griese M, Nicolai T, Zissel G, Prell C, Reinhardt D, et al.
Arole for MCP-1/CCRZ in interstitial lung disease in children. Respir
Res 2005;6:93.

Mestdagt M, Polette M, Buttice G, Noél A, Ueda A, Foidart JM, et al.
Transactivation of MCP-1/CCL2 by p-catenin/TCF-4 in human breast
cancer cells. Int J Cancer 2006;118:35-42.

Rantapaa-Dahlquist S, Boman K, Tarkowski A, Hallmans G. Up
regulation of monocyte chemoattractant protein-1 expression
in anti-citrulline antibody and immunoglobulin M rheumatoid
factor positive subjects precedes onset of inflammatory response
and development of overt rheumatoid arthritis. Ann Rheum
Dis 2007;66:121-3.

Bernasconi S, Cinque P, Peri G, Sozzani S, Crociati A,
Torri W, et al. Selective Elevation of Monocyte Chemotactic Protein-1
in the cerebrospinal fluid of AIDS patients with cytomegalovirus
encephalitis. J Infect Dis 174;5:1098-101.

Ohlsson S, Bakoush O, Tencer J, Torffvit O, Segelmark M. Monocyte
Chemoattractant Protein 1 is a Prognostic Marker in ANCA-Associated
Small Vessel Vasculitis. Mediators Inflamm 2009;2009:584916.
Kamei N, Tobe K, Suzuki R, Ohsugi M, Watanabe K, Kubota N, et al.
Overexpression of monocyte chemoattractant protein-1 in adipose
tissues causes macrophage recruitment and insulin resistance. J Biol
Chem 2006;281:26602-14.

Mine S, Okada Y, Tanikawa T, Kawahara C, Tabata T, Tanaka Y.
Increased expression levels of monocyte CCR2 and monocyte
chemoattractant protein-1 in patients with diabetes mellitus. Biochem
Biophys Res Commun 2006;344:780-5.

Banba N, Nakamura T, Matsumura M, Kuroda H, Hattori Y, Kasai K.
Possible relationship of monocyte chemoattractant protein-1with
diabetic nephropathy. Kidney Int 2000;58:684-90.

Davies MH, Eubanks JP, Powers MR. Microglia and macrophages
are increased in response to ischemia-induced retinopathy in the
mouse retina. Mol Vis 2006;10:12:467-77.

Martinovic I, Abegunewardene N, Seul M, Vosseler M,
Horstick G, Buerke M, et al. Elevated monocyte chemoattractant
protein-1 serum levels in patients at risk for coronary artery disease.
Circ J 2005;69:1484-9.

Weber C, Schober A, Zernecke A. Chemokines: Key regulators
of mononuclear cell recruitment in atherosclerotic vascular
disease. Arterioscler Thromb Vasc Biol 2004;24:1997-2008.
Afford SC, Fisher NC, Neil DA, Fear J, Brun P, Hubscher SG,
et al. Distinct patterns of chemokine expression are associated with
leukocyte recruitment in alcoholic hepatitis and alcoholic cirrhosis. J
Pathol 1998;186:82-9.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Fisher NC, Neil DA, Williams A, Adams DH. Serum concentrations
and peripheral secretion of the beta chemokines monocyte
chemoattractant protein 1 and macrophage inflammatory proteinl
alpha in alcoholic liver disease. Gut 1999;45:416-20.

American Diabetes Association. Standards of medical care in
diabetes. Diabetes care 2006;29:s4-42.

Savage A, Eaton KA, Moles DR, Needleman 1. A systematic review
of definitions of periodontitis and methods that have been used to
identify this disease. J Clin Periodontol 2009;36:458-67.

WangL, Yang L, Gao L, Gao TW, Li W, Liu YE A functional promoter
polymorphism in monocyte chemoattractant protein-1 is associated
with psoriasis. Int J Immunogenet 2008;35:45-9.

Zappa U, Reinling-Zappa M, Graf H, Espeland M. Cell populations
and episodic periodontal attachment loss in humans. J Clin
Periodontol 1991;18:508-15.

Yu X, Antoniades HN, Graves DT. Expression of
monocyte-chemoattractant protein-1 in human inflamed gingival
tissues. Infect Immun 1993;61:4622-8.

Nonnenmacher C, Mutters R, de Jacoby LE Microbiological
characteristics of subgingival microbiota in adult periodontitis,
localized juvenile periodontitis, and rapidly progressive periodontitis
subjects. Clin Microbiol Infect 2001;7:213-7.

Kénoénen E, Paju S, Pussinen PJ, Hyvénen M, Di Tella P,
Suominen-Taipale L, et al. Population-Based Study of Salivary
Carriage of Periodontal Pathogens in Adults. J Clin Microbiol
2007:2446-51.

Tonetti MS, Imboden MA, Gerber L, Lang NP, Laissue J, Mueller C.
Localized expression of mRNA for phagocyte-specific chemotactic
cytokines in human periodontal infections. Infect Immun
1994;62:4005-14.

Pradeep AR, Daisy H, Hadge P. Serum levels of Monocyte
Chemoattractant Protein-1 in periodontal health and disease.
J Cytokine 2009;47:77-81.

Arakelyan A, Petrkova J, Hermanova Z, Boyajyan A, Lukl J, Petrek M.
Serum levels of the MCP-1 chemokine in patients with ischemic stroke
and myocardial infarction. Mediators Inflamm 2005;3:175-9.
Kiyici S, Erturk E, Budak F, Ersoy C, Tuncel E, Duran C, et al. Serum
Monocyte Chemoattractant Protein-1 and Monocyte Adhesion
Molecules in Type 1 Diabetic Patients with Nephropathy. Arch Med
Res 2006;37:998-1003.

Chiarelli F, Cipollone F, Mohn A, Marini M, lezzi A, Fazia M,
et al. Circulating Monocyte Chemoattractant Protein-1 and Early
Development of Nephropathy in Type 1 Diabetes. Diabetes Care
2002;25:1829-34.

Inadera H, Egashira K, Takemoto M, Ouchi Y, Matsushima K. Increase
in circulating levels of monocyte chemoattractant protein-1 with
aging. J Interferon Cytokine Res 1999;19:1179-82.

Banba N, Nakamura T, Matsumura M, Kuroda H, Hattori Y, Kasai K.
Possible relationship of monocyte chemoattractant protein-1with
diabetic nephropathy. Kidney Int 2000;58:684-90.

Cite this article as: Radhakrishnan P, Srikanth P, Seshadri KG, Barani R,
Samanta M. Serum monocyte chemoattractant protein-1 is a biomarker in
patients with diabetes and periodontitis. Indian J Endocr Metab 2014;18:505-10.

Source of Support: Nil, Conflict of Interest: None declared.

Indian Journal of Endocrinology and Metabolism / Jul-Aug 2014 / Vol 18 | Issue 4



