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ABSTRACT:  Inflammation caused by infection takes place by the cooperative cascade of 
cytokines  and  leukocytes.  Tumor  necrosis  factor,  interlukin-1,  and  interlukin-6  play 
important  roles  as  proinflammatory cytokines  to  mediate  local  inflammation  and activate 
other inflammatory cells e.g. neutrophils, monocytes, and macrophages. At least 15 different 
low molecular weight cytokine are secreted by activated leukocytes and are responsible for 
triggering  acute  phase response in the form of fever,  leukocytosis,  increased secretion of 
adreno corticotropic hormones, and production of acute phase proteins. Acute phase proteins 
are produced in liver under the influence of cytokines, which through blood stream passes to 
the site of inflammation and kill the pathogens by opsonization and activating complement 
pathways.  The changes in the concentrations of positive acute-phase proteins and negative 
acute-phase proteins are due to the changes in their production by liver. Three of the best 
known acute phase proteins are C-reactive protein, serum anyloid A, and haptoglobin. Some 
disease  states  are  casually  related  to  acute  phase  proteins.  C-reactive  protein  mediated 
compliment  activation  has  a  key role  in  some forms  of  tissue  alteration  such  as  cardiac 
infarction. Elevated S amyloid A levels are seen in chronic arthritis and tuberculosis. Other 
acute phase proteins show more moderate rise, usually less than fivefold.
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INTRODUCTION

Inflammation is the major and complex reaction of the body against infection upon tissue injury. It consists of 
recruitment and activation of leukocytes and plasma proteins at the site of infection to eliminate the infectious 
agent (Kindt, et.al. 2004). The infectious microorganisms, after gaining bodily access to the site of injury, cause 
local inflammation (Lundberg, 2010). The local inflammatory response is later accompanied by a prominent 
systemic response known as acute phase response {APR} (Male D, et.al. 2006). This response is marked by the 
induction  of  fever,  anorexia,  solmonescence,  lethargy,  increased  synthesis  of  hormones  such  as 
adrenocorticotropic hormone {ACTH} and hydrocortisone, (Willey J M, et.al. 2008) increased leukocytosis and 
altered production of large number of proteins in liver (Zheng H, et.al. 1995). Those proteins whose levels 
change during inflammation are termed acute phase proteins {APP} (Gabay C, 1999). 
Many bacterial components and products such as peptidoglycans, lipoteichoic acid, exotoxins, lipoproteins and 
glycolipids  can  initiate  the  local  inflammatory  processes  (Paul  W.E,  2008).  Subsequent  to  the  bacterial 
invasion,  many cell  types  residing in  the mucosa  or  skin may produce  molecules  important  in  controlling 
infections (Baumann H, et.al.  1994).  Among the important  resident host  cells  are the mast cells, popularly 
known for their stores of histamine, serotonin (Moshage H, 1997) and also for containing preformed tumor 
necrosis  factor-α {TNF} and various  cytokines(  Arnett  HA,  et.al.  2010).  On exposure  to  various  bacterial 
products  mast  cells  release  these  proinflammatory  cytokines,  which  are  essential  for  the  recruitment  of 
neutrophils to the site of inflammation (Abbas, et.al. 2007). Major three of these cytokines are interlukin-1{IL-
1}, interlukin-6{IL-6}, and TNF-α, which have a profound behavioral, neuroendocrine and metabolic effect 
(Rich R,  et.al.  2008).  The concentration gradient  of  various tissue products  released  activates  the vascular 
system and the cells of inflammation. These responses in turn are associated with production of more cytokines 
and other inflammatory mediators which diffuse to the extracellular  fluid compartment and circulate in the 
blood (Ceciliani F, et.al. 2002). Furthermore, apart from the cytokine mediated rise of clinical symptoms, a 
series of changes occur such as change in concentration of several APPs, activation of complement cascades, 
increased value of ACTH and glucocorticoids, and decreased serum levels of calcium , zinc, iron, vitamin A, 
and  α-tocopherol(Moldawer  LL,  et.al.  1997).  Acute  phase  proteins  opsonize  microorganisms  and  activate 
complement components, while others scavenge cellular remnants and free radicals or neutralize proteolytic 
enzymes (Nairn R, et.al. 2002). 

At the site of injury, proinflammatory cytokines are released from damaged tissue. Activation of complement 
cascade forms complement products that act as chemotactic agents for the recruitment of neutrophils (Finckh A, 
2009). Complement anaphylatoxins (C3a, C5a) induce local mast cells degranulation with release of histamine, 
causing  vasodilation  and  smooth  muscle  contraction  (Gonda  TA,  et.al.  2009).  Leukocytes,  kallikrein  and 
bradykinin move out through blood vessels causing swelling. Bradykinin then binds to nearby capillary cells 
and stimulates the production of prostaglandins which then binds to free nerve endings making them to start 
pain impulse (Quinton L J, et.al. 2009).
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INITIAL PHASE OF INFLAMMATION AND RECRUITMENT OF LEUKOCYTES
These all in turn lead to the rise of classical signs of inflammation: redness, increased heat,swelling, pain, and 
loss of function.  
Under  the influence  of  proinflammatory cytokines  and mediators  like  histamine and  erotonin,  the vascular 
endothelium  is  activated  to  express  “Cellular  Adhesion  Molecules”  in  increased  amount.  Leukocytes  are 
recruited  at  the  site  of  inflammation  through  the  process  “Extravasation”  (Sciacca  FL,  et.al.  1994).  To 
accomplish extravasation leukocytes recognize inflamed endothelium and adhere to it strongly enough so that 
they are not swept away by the flowing blood. In response to microbes and cytokines produced by cells e.g. 
Macrophages,  endothelial cells lining postcapillary venules at the site rapidly increase surface expression of 
proteins called Selectins (Kerfoot SM, et.al. 2005). Selectins bind to mucin like cellular adhesion molecules on 
leukocyte  membrane.  Resulting leukocytes  repetitively detach and bind, and thus roll  along the endothelial 
surface (Firrell JC, et.al. 1989). Process of inflammation is slow enough to allow leukocyte interaction with 
chemokines bound by heparin sulfate glycosaminoglycan on luminal surface of endothelial cells (Johnston B, 
et.al. 1997). Leukocytes express a family of adhesion molecules, integrins, which binds to chemokines. This 
binding provides a degree of specificity to the recruitment of white blood cells at the site (Dings Z, et.al. 2001). 
Leukocytes transmigrate through the interendothelial spaces along the chemical concentration gradient without 
breaking the integrity established with endothelial barriers. It accomplished by binding of protein CD31, which 
is expressed on leukocytes with Platelet Endothelial Cell Adhesion Molecule-1 {PECAM-1} on the endothelium 
(Alvarez A, et.al. 2004).

Neutrophils are the first cell type to bind to inflamed endothelium and extravasate into the tissues (Kubes P, 
et.al. 2003). When selectins are released from the endothelial cells, neutrophils express L-selectin and mucin 
like  P-selectin  glycoprotein  ligand  {PSGL-1}  to  mediate  the  rolling  on  inflamed  endothelium.  Rolling 
neutrophils are activated by various chemoattractants released by endothelial cell surface or secreted locally by 
cells involved in inflammatory response (Birner U, et.al. 2000). Two chemokines are envolved in activation 
process are IL-8 and macrophage inflammatory protein-1β {MIP-1β}. 

Monocytes from the peripheral home reach at the site of infection much later than neutrophils, because of late 
expression  of  its  receptor  vascular  cell  adhesion  molecule-1  {VCAM-1},  complementary  to  Intercellular 
adhesion molecules-1 {ICAM-1} on the inflamed endothelium. Monocytes are lured to the area of infection by 
chemoattractants such as bacterial peptide fragments and complement fragments (Mulligan MS, et.al. 1998). 
Receptors  expressed  on  monocytes  for  complement  fragments  are  CR3;  consisting  of  the  integrins 
CD11b/CD18, and CR4. These neutrophils at the site of inflammation phagocytose invading pathogens and 
release mediators that continued to inflammatory response (Jones MR, et.al.  2006). Among the mediators are 
the  MIP-1α,  MIP-1β,  chemokines  that  attract  macrophages  to  the  site  of  inflammation.  These  activated 
macrophages exhibit increased phagocytosis and increased release of mediators and cytokines that contribute to 
the inflammatory response.
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Macrophage activation leads increased synthesis of reactive oxygen intermediates and nitric oxide {NO}, which 
are potent microbicidal agents that are produced within the lysosomes of macrophages and kill the ingested 
microbes (Janeway, 2005). Reactive oxygen intermediates, NO and lysosomal enzymes may also be released 
into adjacent  tissues  where  they  kill  extracellular  microbes  and  may also cause  damage  to  normal  tissue. 
Macrophages secrete three cytokines namely IL-1, IL-6 and TNF-α also a short lived lipid mediators platelet 
activating factor  {PAF},  prostaglandin,  leukotrienes  that  induce localized inflammation (Gameel  AA, et.al. 
1974).  All  three cytokines  act  locally inducing coagulation, increased expression of adhesion molecules on 
vascular  endothelial  cells.  IL-1  and  TNF-α  act  back  upon  macrophages  and  endothelial  cells  to  induce 
production of chemokines (Sarraf P, et.al. 1997). Additionally, interferon-γ {IFN} activates macrophages and 
neutrophils promoting increased phagocytic activity and increased release of lytic enzymes into tissue spaces 
(Dogra  N,  et.al.  2007).  Cytokines  released  from the  site  of  inflammation  facilitate  both  the  adherence  of 
immune cells to vascular endothelial cells and their migration through the vessel wall into tissue spaces.

CYTOKINES

Cytokines  are  polypeptide  produced  in  response  to  microbes  and other  antigens  that  mediate  and regulate 
immune and inflammatory reactions. Actions of cytokines are often pleiotropic and redundant (Dinarello CA, 
1997).  From the site of infection local  tissue cells  release some proinflammatory cytokines  TNF,  IL-1 and 
chemokines, which mediate many of the effector functions of innate immunity and also the principle mediators 
of acute inflammatory response.TNF is secreted by activated mononuclear phagocytes, natural killer {NK} cells 
and local mast cells while IL-1 is secreted also by neutrophils, endothelial cells and epithelial cells (Wolf M, 
et.al. 1996). Lipopolysaccharides potently stimulate the production of TNF and IL-1. Both the proinflammatory 
cytokines induce the expression of adhesion molecules (ICAM-1, VCAM-1) for leukocytes. They also stimulate 
macrophages to secrete chemokines that enhances affinity to leukocyte integrins for their ligands (Moldawer 
LL, 1997).

TNF and  IL-1  when secreted  in  large  amounts,  exerts  endocrine  effects,  by causing  fever,  chachexia  and 
increased  synthesis  of  APP.  Chemokines  act  as  a  chemoattractants  for  leukocutes  and  are  produced  by 
endothelial cells, epithelial cells, fibroblasts, leukocytes and other cytokines (Rollins BJ, 1997). Chemokines act 
cooperatively in the process of leukocute migration towards chemical gradient. They are classified into two 
major families; CC and CXC family. Each family having distinct receptors on leukocytes. IL-6 works both in 
innate and adaptive immunity. It is synthesized in response to microbes and other cytokines such as IL-1 and 
TNF. It stimulates the synthesis of APP by hepatocytes, production of white blood cells and thus contributes to 
the efforts of inflammation (Bernardini G, et.al. 1998). 

ACUTE PHASE RESPONSE

The acute-phase response consists in a large number of behavioural, physiologic, biochemical,  and nutritional 
changes involving many organ systems distant from the site, or sites, of inflammation. Cytokines conduct the 
specific immune response of the stressed organism against foreign antigens. The proinflammatory cytokines are 
responsible for the induction of mentioned fever and muscle catabolism, activate white blood cells precursors in 
the bone marrow growth of inflammatory tissue fibroblast and macrophages (Baumann H, et.al. 1994).
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The  fever  induced  augments  the  host  defense  by  stimulating  leukocytes  so  that  they  can  destroy  the 
microorganism, it enhances the specific activity of the immune system and also enhances microbiostasis by 
decreasing  available  iron to  microorganism (Dinarello  CA, 1997).  Inflammatory  reactions,  which  consume 
leukocytes, also elicit the production of new leukocutes (Chrousos GP, 1995). Colony stimulating factors are 
kind of cytokines responsible for differentiation and expansion of bone marrow progenitor cells. IL-6 similarly 
acts as a growth factor for neoplastic plasma cells and many myeloma cells, which grow autonomously and 
secrete IL-6 as an autocrine growth factor (Kopf M, et.al. 1994).
Within 12-24 hours of the onset of an acute inflammatory response, increased level of IL-1, IL-6, TNF-α and 
oncostatin-M induce production of acute phase proteins by hepatocytes. The redundancy in the ability of at least 
five cytokines induces production of acute phase proteins (Kindt, et.al. 2004). Acute phase proteins are known 
for whose plasma concentration increase or decrease by at least 25 percent during inflammatory disorder, and 
are synthesized by the cytokine mediated induction of the common transcription factor, nuclear factor-IL6 {NF-
IL6}. Amino acid sequence of NF-IL6 show high degree of sequence identity with a liver specific transcription 
factor CCAAT/ Enhancer binding protein {C/EBP} and have inverse relationship with it.  TNF-α and IL-1β 
binding to their receptors results in the activation of IkB kinase, the inhibitor associated to NF-kB in cytoplasm. 
IkB-P is then degraded by the ubiquitin-proteasome pathway, thus allowing the free NF-kB to translocate to the 
nucleus and promotes transcription of acute-phase genes (Ceciliani F, et.al. 2002).

CLASSIFICATION OF ACUTE PHASE RPOTEINS

These are large and varied group of glycoproteins in serum released into blood stream in response to a variety 
of stressors. All the up-regulated proteins have been called positive APP, in order to differentiate them from the 
so-called negative APP, that are down-regulated (Ceron JJ, et.al. 2005). Positive APP is represented by large 
number of proteins which may be divided into three classes based on their normal plasma concentrations [Table 
І]. Concentration of some proteins like C reactive protein {CRP}, Serum amyloid A {SAA}rise as early as 4 
hours after inflammatory stimulus and attain their maximum levels within 24 to 72 hours and also decline very 
rapidly. Class ΙΙ APP begin to increase 24 to 48 hours and reach to their maximum level in about 7 to 10 days, 
about two weeks are required to return to their normal levels (Petersen HH, et.al. 2004). Elevated expressions of 
APP differ widely from species to species and their pattern often depends upon sex.
Table І: Best studied Human Acute Phase Proteins

Group Proteins
Normal Plasma 

Concentration(mg/l)
Ι (concentration may increase 
by50%)

Ceruloplasmin 150-600
Complement C3 800-1700
Complement C4 150-650

ΙΙ(concentration may increase two 
to five fold)

AGP 550-1400
PI 2000-4000
ACT 300-1600
Hp 400-1800
FIBRINOGEN 2000-4500

ΙΙΙ (concentration may increase up 
to 1000 fold)

CRP <5.0
SAA <10.0

AGP,  α1-acid  glycoprotein;  PI,  1-protease  inhibitor;  ACT,  1-antichymotrypsin;  Hp,  Haptoglobin; 
CRP, C-reactive protein; SAA, Serum Amyloid A.
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BIOLOGICAL FUNCTIONS OF APP

Positive APPs are regarded as having major functions in opsonisation and trapping of microorganisms and their 
products, in activating complement system, in binding cellular remnants, in neutralizing enzymes, scavenging 
free hemoglobin and radicals, and in modulating the host’s immune response (Kravitz MS, et.al. 2005). Table ІІ 
shows list of APPs and their functions during inflammation.
CRP, was the first acute phase protein to be described and is a sensitive systemic marker of inflammation and 
tissue damage. CRP belongs to pentraxin family and named for its specific binding with the C- polysaccharide 
of  Streptococcus  pneumonia.  CRP  exhibits  planar  pentagonal  structure,  made  up  of  five  identical,  non 
covalently bound subunits. 
Table ІІ: List of APP and their functions during inflammation

Protein Function
alpha-1 antichymotrypsinogen protease inhibitor 

alpha-1 antitrypsin 
protease inhibitor 
resolution of emphysema 

Alpha-2-Macroglobulin 
inhibitor of several serum proteases and other 
functions

Antithrombin-3 modulation of coagulation cascade 
Apolipoprotein H (β-2-Glycoprotein 1) complement component 
C1 inhibitor negative control of complement cascade 
C2 complement component 
C4 complement component 
C4 complement component 
C4 binding protein complement component 
C5 complement component 
C9 complement component 

C-reactive protein 

binding to membrane phosphorylcholine
complement activation and opsonization 
interaction with T-cells and B-cells 

Ceruloplasmin Copper transport protein 
Factor VIII clotting formation of fibrin matrix for repair
Factor-B complement component 
Ferritin iron transport protein
Fibrinogen clotting formation of fibrin matrix for repair 
Fibronectin fibrin clot formation 
Haptoglobin hemoglobin scavenger 
Heme oxygenase heme degradation 
LPS binding protein Macrophage cell activation
Mannose-binding protein serum lectin

Plasminogen 
proteolytic activation of complement, clotting, 
fibrinolysis 

Plasminogen activator inhibitor-1 protease inhibitor 
Prothrombin clotting formation of fibrin matrix for repair 
Serum amyloid A cholesterol and HDL scavenger 
Serum amyloid-P formation of IgG immune complexes 
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CRP bind with highest  affinity to phosphocholine residues in a calcium dependent manner,  it also binds to 
variety of other autologous and extrinsic ligands, histone proteins, small nuclear ribonucleoprotein particles and 
apoptotic  cells,  glycans  ,somatic  components  of  bacteria,  fungi  and  parasites.  CRP  activates  the  classical 
complement  system when bound to one of  its  ligands and can also bind to phagocytic  cells,  initiating the 
elimination of target cells (Cermak J, et.al. 1993). 
SAA is  an  apolipoprotein  of  high  density  lipoprotein,  and  influence  cholesterol  transport.  It  has  different 
isoforms  and  differs  from  the  inflammatory  isotypes  (SAA1,  SAA2,  and  SAA3).  In  tissues  it  attracts 
inflammatory cells and inhibits the respiratory burst of leukocytes and modulates the immune response. Human 
SAA4 (an isotype) is normally present in serum. Prolonged or repeated inflammatory conditions associated with 
high serum levels of SAA can cause amyloidosis. From the enzymatic degradation of SAA protein, amorphous 
amyloid fibrils are formed (Malle E, et.al. 1996). 
Ceruloplasmin {Cp} is an alpha2-globulin that contains approximately 95 percent of the total serum copper, 
giving it a blue color. Its primary physiological role involves plasma reduction and oxidation reactions. Cp is 
vitally important in regulating the ionic state of iron in particular, oxidizing Fe2+ to Fe3+ and thus permitting 
incorporation of the iron into transferrin without the formation of toxic iron products (Giurgea N, et.al. 2005). 
Cp also has an important role as a ferroxidase and superoxide scavenger.

ACUTE PHASE PROTEINS AND PATHOLOGY

Earlier researches suggested a prognostic association between increased APP production and some diseases. 
Laboratory studies have demonstrated that inflammation plays a patho -physiological role in atherogenesis and 
may promote the development of atherosclerotic plaques in coronary arteries (Haverkate F, et.al. 1997). CRP 
mediated complement activation has a key role in some forms of tissue alterations such as cardiac infarction and 
its elevated serum levels are associated with cardiovascular  risk factors  and obesity (Koenig,  et.  al.  2006). 
Levels  of  SAA are  elevated  in  synovial  fluid  during  inflammatory  joint  disease  which  may  be  used  for 
diagnostic and prognostic purposes as well as for monitoring effect of treatment. Mastitis causes increases in 
SAA  levels  in  milk  (Scheinberg  IH,  et.al.  1952). Although  low  Cp  levels  are  seen  in  malnutrition, 
malabsorption,  severe  liver  disease,  nephrotic  syndrome  and  Menkes  syndrome,  their  levels  in  infectious 
diseases has not been correlated so far. CRP, SAA, Hp and some other APPs are useful for assessing health in 
human patients (Banka CL, et.al. 1995). 

CONCLUSION
Acute phase response is generated during inflammation. In the response, serum levels of various acute phase 
proteins change. The positive acute phase protein levels may increase up to 1000 folds while that of negative 
APPs decline from their respective normal values. The major inducers of acute phase proteins are IL1, IL6, and 
TNF.  Although the defensive roles of many acute phase proteins are yet to be traced out, some well known 
APPs have the disease prognosis importance and even are very helpful in diagnosis when correlated with the 
clinical symptoms of the patients. In the case of  E. coli  lung infection, loss of either IL-6 or early-response 
cytokine signaling significantly reduces acute pulmonary inflammation, despite relatively normal expression of 
inflammatory cells, chemoattractants and other proinflammatory mediators. Acute phase proteins are also being 
evaluated for their utility in postmortem meat and poultry inspection as part of the Hazard Analysis Critical 
Control Point {HACCP} program. 
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APR during pneumonia, by two different pathogens, E. coli and S. pneumoniae, elicit very different responses 
in the lungs, with different requirements for host defense mediators and distinct mechanisms of virulence and 
pathophysiology. Acute-phase changes reflect the presence and intensity of inflammation, and have long been 
used as a clinical guide to diagnosis and management. The purpose of this review is to gain attention to explore 
research for the better understanding of the role of APPs in infectious diseases.
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