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ABSTRACT

An assembly of systemic and metabolic changes dbatr within 90 minutes after the onset of a system
inflammatory reaction is termed as acute phase tieafesponse. This is caused due to the changéen
concentrations (increase/decrease) of a class daftagms called as acute phase proteins. In periotient
subgingival gram negative bacteria release endo®xihat interact with Toll-like receptors, expredsen
polymorphonuclear leucocytes and monocytes regultinthe formation of a complex that activates ifmenune
system. This results in a cascade of inflammatbanges resulting in the production of acute phastgins by the
pro-inflammatory cytokines and glucocorticoid hommes. Recent studies have shown increased leveisubé-
phase proteins with gingival inflammation, inclugliexperimental gingivitis and periodontitis reflect the locally
stressed environment. New acute-phase phenometiawmto be recognized, and the mechanisms megittiem
are becoming better understood. This article thenefhighlights about the vital acute phase protegamsl their
association with periodontal diseases.
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INTRODUCTION

Periodontitis (PD) is one of most predominant wailte chronic inflammatory disease that is charémter by the
host-mediated destruction of soft and hard tissdieee periodontium. Even though the etiologicdérof bacteria
has been decisively established in vitro and iroyitis only recently that researchers have beguidentify the
role of both local and systemic inflammatory pr@essin encouraging a pathological response to ithlenticro
flora. [1]

As periodontitis supervenes, the local host inflatory mediators undergo alterations resulting aitfitiation of a
localized specific host response, followed by aiseantibody reaction to the bacteria. [2]This stimsifor a strong
antibody response is exhibited by the increasedymtion of plasma proteins which results in théiation of the
inflammatory acute phase response.[3]

Acute phase reaction/response is a general terribated to a group of systemic and metabolic chartgeat occur
within hours of an inflammatory stimulus. It repeess an organism'’s early and/or highly complex teacto a

variety of injuries such as bacterial, viral orgsitic infection, mechanical or thermal traumahéic necrosis, or
malignant growth.[4] A range of changes in the aiga occurs that act together to neutralize thiimmatory

agent.
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Characteristic features of the systemic acute-presgonse include the following:
(i) Fever,

(ii) Neutrophilia,

(iif) Changes in lipid metabolism,

(iv) Hypoferremia,

(v) Increased gluconeogenesis,

(vi) Increased (muscle) protein catabolism,

(vii) Activation of the complement and coagulatipathways,

(viii) Hormonal changes, and

(ix) Induction of acute-phase proteins.[5]

The results include activation of macrophages, ef#at aggregation, increased blood vessel permsabili
transudation of biological fluids into the tissuasd migration of circulating leukocytes. This leads many
reflective changes in the biosynthetic profile afieus acute phase proteins (APPs).

ACUTE PHASE PROTEIN
An acute phase protein has been defined as oneswhasma concentration increases (positive APPdgoreases
(negative APPs) by at least 25 percent during imfteatory disorders.[6]

REGULATION OF ACUTE-PHASE CHANGES
» Studies have shown that cytokines and to a lesdentethe glucocorticoid hormones regulate the tsssis of
these acute-phase proteins.

» Cytokines are intercellular signaling polypeptidpeoduced by activated cells that are produced durin
inflammatory processes.

» They are the chief stimulators of the productiomaifite phase proteins.[6]
Subjectively, cytokines related to the acute phliasponse can be divided into three groups:

(i) Pro-inflammatory cytokines initiating or enhancitig cascade of events (tumor necrosis fagtanterleukin 1
(IL-1), interferony and IL-8);

(ii) Cytokines that are responsible for the main systefi@atures of acute-phase response in a varietissies
(Interleukin-6- type cytokines, leukemia inhibitofgctor, IL- 11, oncostatin M, ciliary neurotrophiactor and
cardiotrophin-1); and

(i) Anti-inflammatory cytokines down regulating the ssgphase response (IL- 10, IL-4, IL-13 and transiog
growth factor).[4]

» The most potent recognized inducers of acute-ppageins include the-helical cytokines, IL-6 and oncostatin
M.[7]

» The IL-6-like cytokines synergize with IL-1-like mkines to induce type | acute-phase proteins.®h@irrence
is thought to be chiefly controlled by IL-6 thatteon the hepatocyte and induces transcriptiortaladion of the
acute-phase protein genes.[8]

» The reciprocal interaction between IL- 6 and fuomctilly related other inflammatory cytokines, aslvea the
hypothalamo-pituitary-adrenal axis, representspaisge facet of the complex web of regulatory nendocrino-
immunological interactions.

 Gluco-corticosteroids decrease the level of ILtumor necrosis factor, and IL-6 in the peripherkmold via
transcriptional and post-transcriptional routes.d®yng this, they prolong their impact on the targells through
the elevation of the expression of their recepi@fd.astly, there exist apparent feedback mechasigmolving

366



Chitra Jayachandran et al J. Chem. Pharm. Res., 2016, 8(2):365-370

both liver synthesized acute-phase proteins andoradocrine factors from the central nervous systeirich
contribute to regulation of the acute-phase resptm#nflammation.

CLASSIFICATION OF ACUTE-PHASE PROTEINS

GROUPS PROTEINS NORMAL PLASMA CONCENTRATION (mg/ml)

I (concentration may increase Ceruloplasmin 150-600

by50%) Complement C3 800-1700
Complement C4 150-650
AGP (Alphal-Acid Glycoprotein 55(-140(

II(concentration may increase twoP!I 2000-4000

to fivefold) ACT (Alphal-Antichymotrypsin) 300-1600
Hp (Haptoglobin) 400-1800
Fibrinogen 2000-4500

I1I (concentration may increase YpC-reactive protein <5.0

to 1000 fold) Serum Amyloid A <10.0

Classification according to the changesin concentration of APPS10]
Proteins whose plasma concentrations increaseti{Ro8PPs)

» Complement system

»C3

»C4

»C9

» Factor B

» C1 inhibitor

» C4b-binding protein

» Mannose-binding lectin

» Coagulation and fibrinolytic system
» Fibrinogen

» Plasminogen

» Tissue plasminogen activator

» Urokinase

» Protein S

» Vitronectin

» Plasminogen-activator inhibitor 1

» Antiproteases

» a 1-Protease inhibitor

» a 1-Antichymotrypsin

» Pancreatic secretory trypsin inhibitor
» Inter a-trypsin inhibitors

» Transport proteins
» Ceruloplasmin

» Haptoglobin

» Hemopexin

 Participants in inflammatory responses
» Secreted phospholipase A2

» Lipopolysaccharide-binding protein

» Interleukin-1-receptor antagonist

» Granulocyte colony-stimulating factor 17

» Others

» C-reactive protein
» Serum amyloid A
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> a 1-Acid glycoprotein
» Fibronectin

» Ferritin

» Angiotensinogen

Proteins whose plasma concentrations decrease tjiXedd Ps)
* Albumin

 Transferrin

» Transthyretin

» A 2-HS glycoprotein

» Alpha-fetoprotein

» Thyroxine-binding globulin

* Insulin-like growth factor |

» Factor XIli

SIGNIFICANTACUTE-PHASE REACTANTSAND THEIR ROLE IN PERIODONTITIS

1.C- REACTIVE PROTEIN (CRP)

CRP has derived its named because of its capaxiprdcipitate the somatic C-polysaccharideStrfieptococcus
pneumonialt was the first acute-phase protein to be dbsdriand is an exquisitely sensitive systemic maoker
inflammation and tissue damage.[11]lt is a membehe pentraxin family of proteins, which are seropsonins.
Its functions include the ability to recognize pagbns and to mediate their elimination by recrugitithe
complement system and phagocytic cells.

The median concentration of CRP is 0.8 mg/l in thgayoung adults but, following an acute-phase ghirs, values
may increase from5@g/l to more than 500 mg/l, that is, 10,000 fold][Blasma CRP is produced only by
hepatocytes, predominantly under transcriptionatrod by the cytokine IL-6.

Periodontal diseases are associated with an irergasCRP levels. The systemically disseminated drxt
lipopolysaccharide (LPS) as well as the cytokinegariodontitis may stimulate hepatocytes and caibug
leukocytes to produce CRP and IL6, respectively.[@8ntate people with extensive periodontal disdzmse an
increase of approximately one third in mean CRPaddubling in the prevalence of elevated CRP, @yegbwith
periodontally healthy people.[14] Periodontal paas like Porphyromonas gingivalis, Prevotella rimedia,
Campylobacter rectus, and Bacteroides forsythug fgemd in the subgingival samples obtained frotepgs with
elevated CRP levels.[15]

2.SERUM AMYLOID A

Serum amyloid A (SAA) is a multi-gene family thainsists of highly conserved protein sequencesdhater on
chromosome 11 in humans.[16] They are secretecopriedntly by hepatocytes but the extra-hepatic petidn of
acute-phase SAA occurs in other cells like the wiascsmooth muscle cells and endothelial cells.[17]

Aoki Nonaka et al. have reported that periodomé&dtions induced elevated levels of SAA dhakphyromonas
gingivalis specific IgG in the serum of Wild type mice.[18]a very recent study conducted by Carlos etS#HA
levels were significantly higher in patients wittronic periodontitis than in individuals withoutrplontitis.[19]

3.ALPHA 1- ACID GLYCOPROTEIN

AAG is an acidic glycoprotein of about 41 kDa in lemular weight with a tertiary structure. The nofma
concentration of AAG is between 0.6-1.2 mg/mL (1-8ffplasma proteins). It is mainly synthesized ibgd and its
production increases in response to stimuli lilkeitna or infection.[20]

Ingrid et al. has reported a trend towards higaeels of AAG in subjects with both periodontitisdazardiovascular
disease in his study.[21]

4.ALBUMIN

HSA is a single-chain, nonglycosylated polypeptidéh a molecular weight of 66,500 Da containing 58%ino
acids.[22]
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Protein depletion results in hypoproteinemia withny pathologic changes including degeneration etctinnective
tissue of the gingival and periodontal ligamentteoporosis of the alveolar bone, impaired depasitid the
cementum, delayed wound healing, and atrophy ofahgue epithelium. Mojon et al. has demonstratelis study
that older adults with vertical tooth mobility apeériodontal pockets greater than 6mm had a sigmifig lower
albumin concentration.[23] Studies by Ogawa ebal Ramesh et al. have also described the negetsariation
between albumin concentration and periodontal dise& their respective studies.[24, 25]

5.FIBRINOGEN

The fibrinogen molecule is a soluble, large, anehplex glycoprotein. It is a 340 kDa plasma glycdpio, which is
converted by thrombin into fibrin during the blootbt formation. It has a rod-like shape with dimens of 9 x
47.5 x 6 nm and it shows a negative net chargdiplogical pH (IP at pH 5.2).[26] It is one ofetlacute phase
proteins that originate from the liver. The concation of fibrinogen in the blood plasma is 200-040g/dL.

Fibrinogen plays two important roles in the body.
(L Firstly, it is an important component of the comnpathway of coagulation.
[10Secondly, it takes part in the acute phase respafteetissue inflammation and damage.

Page et al. showed that fibrinogen levels are &evan any form of inflammation, as it is an acytlease
protein;[27] like especially in human gingival ties during the initial phase of periodontal dise&tam et al. has
demonstrated in his study that statistically siigaifit reduction was observed in the level of thigammatory
marker i.e. plasma fibrinogen after SRP.[28]

OTHER ACUTE PHASE PROTEINSAND THEIR BIOLOGICAL FUNCTIONS

Acute-phaseprotein [ Main biological function
Proteins whose plasma concentration increase
Fibronectin Wound healing
Ferritin Iron binding
Angiotensinoge Renin substra

Enhancing phagocytosis of antigens, attractingnmtages and neutrophils, lys
membranes of foreigncells, clumping of antigen-mgpragents, altering the
molecular structure of viruses

[

Complement factors: C3, C4, C9, factor B, C1 irtoibi
C4bbinding protein, mannose-binding lectin

Coagulation and fibrinolysis factors:
plasminogen, tissue plasminogen activator, Uroldnas| Coagulation, degradation of blood clots, trappimginvading microbes, chemotaxis
Protein S, Vitronectin, Plasminogen-activator iritioib1

. Contains copper, has histaminase-and ferroxidasatgcscavenges Fé and free
Ceruloplasmin

radicals
Haptoglobin (Hp) Binds haemoglobin; binds to CD11b/CD18 integrins
Interleukinl-receptor antagonist modulates a vanéinterleukin-1 related immune and inflammatoegponses
Alphal-Antitrypsin (AAT) Inhibits proteolytic enzyes, immune-modulatory activity
Alphal-Antichymotrypsin (ACT) Inhibits proteolytiEnzymes
Alpha2-macroglobulin Inhibits proteolytic enzymes
Proteins whose concentration decrease
Transferrin Carrier protein, immunoregulation
Transthyretin Binds to aromatic compounds, carrier of retinol
Alpha-fetoprotein Binds various cations, fatty acids and bilirubin
Alphaz-HS glycoproteil Carrier protei, forms solubleccomplexes with alcium andPhosph:
Thyroxine-binding globulin Binds thyroid hormone

CLINICAL ASSESSMENT OF ACUTE-PHASE PROTEINS

The measurement of APPs has become popular because:

(i) Inflammatory diseases represent a common circummstanclinical practice,

(i) The increase of APP constitutes one of the majaradteristic changes which can objectively docunteat
occurrence of an inflammatory process for the ciam,

(iii) The relative merits of the different APP are nowlwecumented,

(iv) Rapid and precise methods of measurement are bleaila

¢ Some 30 proteins have been reported to increaserim during the acute phase response.

* The most commonly measured proteins are CRP, Heaiog o;- Acid-glycoprotein or orosomucoidy;-
Protease inhibitor (al - PI) previously termed Antitrypsin anda;- Antichymotrypsin.[29]
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CONCLUSION

A number of the participating AAPs are multifuncta and contribute to both the improvement andirthéoition
of inflammation in all stages. The aftermath of #wte inflammatory response is thus likely to beedmined by
the coordinated generation of a group of APPsr t@icentrations and molecular forms in the micviremment.

Recent data have resulted in the emergence ofdmetiibis as a disease that can have a significiatteon the
systemic health of both humans and animals. Thexefan understanding of the relationship between th
progression of periodontitis and risk factors aggted with systemic diseases like cardiovasculseate (such as
diet, serum lipids, acute-phase responses, etmjhars (such as low-birth weight infants, diabetad systemic
inflammatory diseases) would have a profound effecthe approaches for treatment of the periodatisglases.

Acute phase protein is a non-specific marker ofamfmation which can act as a useful testing tooltfe as-
sessment of health in general, the pathogenesiarimfus diseases and also to determine the spifaafeotion or
the efficacy of treatment. There is a broad spectofipossible applications of acute phase proteised diagnostics
in periodontics and hence it is necessary to deveta augment rapid field tests that allow theiagugement in a
short period of time.

REFERENCES

[1] RC PageJ Dent Res 1995, 74,1118-1128.

[2] RC Page RCJ Periodont Res1991, 26, 230-42.

[3] JL Ebersole; D CappellDral Microbial Immunol, 1995, 9,335- 44.

[4] A Koj. Biochim Biophys Actal996, 1317, 84-94.

[5] H MoshageJ Pathol, 1997, 181, 257-266.

[6] SJ Wigmore; KCH Fearon;JP Maingay; PBS Lai; JA RAssJ Physiql1997, 273,E720-E726.

[7] B Melichar;P Jandik;M Tichy; F Malir; J MergancovaNoboril. Clin Invest.,1994, 72, 1012— 1014.

[8] H MoshageJ Pathol, 1997, 181, 257-266.

[9] A Falus; J Biro; E Ra’ka’sAnn N Y Acad Sgi1995, 762, 71-77.

[10]C Gaba; | KushnelN Engl J Med 1999, 340, 448-454.

[11] MB Pepys, ML Baltz.Immunol, 1983, 34,141-212.

[12] B Shine B;FC de Beer;MB Pepy&lin. Chim. Acta 1981, 117,13-23.

[13]S Amar;X HanMed Sci Monit, 2003, 9, RA291-9.

[14]1JJ Zambson;JS Reynolds; P Chen; RJ Genco; J &Btsfhomas. Microbiology of Periodontal Disease. In:
Slots J, Taubman JE, editors. USA: St. Low85. pp. 32— 40.

[15]R RussellN Engl J Med 1999, 340, 115- 26.

[16] DM Steel; GC Sellar;CM Uhlar; S Simon;FC Debeef WhiteheadGenomics1993, 16(2), 447-454.

[17]S Hua; C Song;CL Geczy;SB Freedman;PK WittRgdox Rep2009, 14(5), 187-96.

[18]Y AokiNonaka; T Nakajima;S Miyauchi;H Miyazawa;Hawada;H Domon; et all Periodontal Res 2014,
49, 69-76.

[L9]MA Carlos;CG Isabeld Periodontal Implant Sgi2015 Feb, 45(1), 14-22.

[20]HG Schwick;H Haupt; in: F.W. Putnam (Ed.), The RiasProteins, Vol. IV, 2nd edn., Academic Press, New
York, 1984, 167—-200.

[21] G Ingrid;G Sara; A Boris; H Alex; S Rashesh; Mohanzeet al Clin Diagn Lab Immuno] 2002 Mar, 9(2),
425-432.

[22] T Peters. All about Albumin: Biochemistry, Genetiasd Medical Applications. Academic Press: Sarmgbje
CA, USA, 1996.

[23] P Mojon; E Budtz-Jorgensen;CH Rapikge and Ageing28, 463-468.

[24]H Ogawa;A Yoshihara;N Amarasena; T Hirotomi;H Miykizal Clin Periodontal, 2006, 33, 312-316.

[25] A Ramesh;A John;B Thomasiternational research journal of pharma@012, 3 (11), 183-86.

[26]Marucco; Arianna et al. Interaction of fibrinogendaalbumin with titanium dioxide nanoparticles dfferent
crystalline phasegournal of Physics2013, Conference Series 429, Issue 1.

[27]1RC Page;HE Schroeder. Pathogenesis of inflammatenpdontal disease, A summary of current work..Lab
Invest,1976 March, 34 (3), 235-49.

[28] SNT Ritam;RR JyothiRom. J. Intern. Med2013, 51(1), 45-51.

[29] T Whicher;J Bienvenu;CP PricBure & Appl. Chem 1991, 63(8), 1111-1116.

370



