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Abstract
Classically, the extracellular matrix (ECM) was viewed as a supporting structure for stabilizing the
location of cells in tissues and for preserving the architecture of tissues. This conception has changed
dramatically over the past few decades with discoveries that ECM has profound influences on the
structure, viability, and functions of cells. Much of the data supporting this new paradigm has been
obtained from studies of normal and pathological structural cells such as fibroblasts, smooth muscle
cells, and malignant cells, as, for example, breast cancer epithelial cells. However, there has also
been recognition that effects of ECM on cells extend to inflammatory cells. In this context, attention
has been drawn to fragments of ECM components. In this review, we present information supporting
the concept that proteolytic fragments of ECM affect multiple functions and properties of
inflammatory and immune cells. Our focus is particularly upon neutrophils, monocytes, and
macrophages and fragments derived from collagens, elastin, and laminins. Hyaluronan fragments,
although they are not products of proteolysis, are also discussed, as they are a notable example of
ECM fragments that exhibit important effects on inflammatory cells. Further, we summarize some
exciting recent developments in this field as a result of mouse models in which defined ECM
fragments and their receptors are clearly implicated in inflammation in vivo. Thus, this review
underscores the idea that proteolysis of ECM may well have implications that go beyond modifying
the structural environment of cells and tissues.
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1. Introduction
Extracellular matrix (ECM) is a complex mixture of proteins, proteoglycans, and
glycosaminoglycans that supports cells and tissue architecture. In recent decades it has become
apparent that ECM also provides signals affecting cell adhesion, shape, migration,
proliferation/survival, and differentiation. Thus, ECM components have domains that interact
with specific cell surface receptors. Classic examples of ECM interactions with cells involve
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the cell surface receptor family of integrins. However, there are also non-integrin based
interactions between ECM and cell surface receptors. The ligand domain in an ECM component
may be cryptic, that is, exposed only after the ECM is modified. These bioactive ECM domains,
designated “matricryptins” (Davis, 2000; Schenk, 2003), have functions distinct from the
parent molecule. Proteolytically released ECM fragments with bioactivity are called
“matrikines” (Duca, 2004; Maquart, 2004).

Matrikines in wound healing and tumor progression have been the topic of several recent
reviews (Hornebeck, 2003; Duca, 2004; Maquart, 2004; Tran, 2004; Labat-Robert, 2005;
Maquart, 2005; Labat-Robert, 2007). This brief commentary reviews recent developments in
the expanding topic of ECM fragments as mediators of inflammation. Although degradation
of ECM may affect inflammation via release of cytokines associated with the ECM (Alon,
1994; Hershkoviz, 1994; Hershkoviz, 1995; Vaday, 2001), this aspect of ECM and
inflammation is beyond the scope of this review. This review will focus on the pro- and anti-
inflammatory effects of ECM fragments, with emphasis on fragments generated from laminins,
collagens, elastin, and hyaluronan. First, in vitro evidence for inflammatory effects of ECM
fragments is summarized; then results from recent in vivo studies are presented.

2. In Vitro Analysis of the Effects of ECM Fragments on Inflammatory Cells:
General Comments

Many in vitro studies involving either proteolytic ECM fragments or synthetic peptides
corresponding to ECM sequences indicate that ECM fragments can affect inflammatory cells.
The applicability of such studies to inflammatory processes in vivo is uncertain, however,
because these types of studies typically have been simple, involving a single ECM fragment
in solution and a single cell type. Despite their limitations, studies of this type can be useful in
a number of ways: they demonstrate the presence and signaling of receptors for ECM-derived
ligands; they provide information about ECM receptor numbers and affinity for specific ECM-
derived ligands; they yield an opportunity to investigate signaling pathways triggered by ligand
binding; and they enable analysis of the effects of ligand binding on gene expression.

However, degradation of ECM in vivo is a complex process, involving release of fragments
from a variety of ECM molecules concurrently. Moreover, many proteases may be involved
in the degradation process, even for an individual ECM component. Therefore, the pro-
inflammatory or anti-inflammatory role of fragments from a specific ECM component may be
difficult to discern. Examination of the inflammatory response while blocking the receptor(s)
for a specific ECM fragment helps to define the potential role of these fragments in tissue
injury, but it is possible that a given receptor has other ligands, making the interpretation of
these experiments difficult. Alternative ways to assess the impact of ECM ligands include using
fragment-specific blocking antibodies or by generating mice in which the ligand binding site
within the ECM molecule of interest has been mutated.

2.1 ECM-derived fragments exhibit chemotactic activity for inflammatory cells
The list of ECM-derived peptides reported to have chemotactic activity for inflammatory cells
is lengthy and the data on which such a compilation is based have been collected over many
years. A partial list includes collagen types I and IV, elastin, fibronectin, laminins, entactin/
nidogen, thrombospondin, and hyaluronan. Noteworthy is that the chemotaxis dose response
curves to ECM fragments can be comparable to those obtained with classic chemoattractants
such as formyl met-leu-phe (fMLP) and the complement anaphylatoxin C5a (Senior, 1989).
Accordingly, it is plausible that some fragments of ECM might actually recruit inflammatory
cells in vivo.
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Various cell surface receptors are responsible for inflammatory cell chemotaxis to ECM
fragments. Neutrophils exhibit chemotaxis to fragments of type IV collagen, laminins, and
elastin using a 67-kDa protein (Senior, 1989). This receptor recognizes X-Gly-X-X-Pro-Gly
(XGXXPG) motifs found in several ECM components. The identity of this receptor protein,
commonly called the elastin binding protein (EBP), has been established as an enzymatically
inactive, alternatively spliced variant of β-galactosidase. EBP forms a complex with protective
protein/cathepsin A (PPCA) and lysosomal sialidase (neuraminidase-1, Neu-1) (Fig. 1). Recent
studies have shown that the Neu-1component of the EBP complex is responsible for triggering
cellular activation (Duca, 2007). EBP is present on many cell types, including various types
of leukocytes, mesenchymal cells, vascular smooth muscle cells, and skin fibroblasts (Hinek,
1996; Malvagia, 2004; Larbi, 2005; Tatano, 2006; Duca, 2007).

From a given ECM component more than one receptor may be involved in stimulating
chemotactic responses. Neutrophils, for example, have other type IV collagen binding
molecules besides the EBP complex, including L-selectin (Iwabuchi, 1996). Moreover, while
7S domains of type IV collagen chain have neutrophil chemotactic activity via the EBP
complex (Senior, 1989), a peptide from the α3 chain of type IV collagen is reported to suppress
neutrophil activation (Monboisse, 1994). Thus, fragmentation of an individual ECM
component may liberate fragments with opposing activities.

Other basement membrane components besides type IV collagen also elicit neutrophil
chemotaxis. Entactin/nidogen has chemotactic activity that is integrin-mediated (Senior,
1992). A 140-kDa fragment encompassing the C-terminal end of the coiled-coil domain and
the globular domain of laminin-111 generated by neutrophil elastase cleavage stimulates
neutrophil migration in vitro (Steadman, 1993). Additional studies determined that a peptide
containing the Ser-Ile-Lys-Val-Ala-Val (SIKVAV) sequence in the laminin α1 chain in the
“linker” region between the coiled-coil and globular domains, as well as corresponding
sequence Ala-Ser-Lys-Val-Lys-Val (ASKVKV) in the laminin α5 chain (Fig. 2), are
chemotactic for neutrophils and macrophages in vitro (Adair-Kirk, 2003). The receptors for
these ligands on inflammatory cells have not been determined, but SIKVAV has been shown
to interact with integrins on a salivary gland carcinoma cell line (Freitas, 2007).

Recent studies have extended our understanding of collagenous peptides as chemoattractants.
Weathington et. al. discovered that acetylated Pro-Gly-Pro (acPGP), known to be a potent
neutrophil chemoattractant derived from type I collagen in vivo, shares structural homology
to a domain on ELR+ CXC chemokines and utilizes CXC chemokine receptors CXCR1 and
CXCR2 (Weathington, 2006). Thus, some ECM-derived fragments promote chemotaxis by
binding to cytokine receptors.

2.2 ECM-derived fragments enhance phagocytic functions
Bacteria can bind to ECM proteins through so-called MSCRAMMs (microbial surface
components recognizing adhesive matrix molecules) and utilize this binding as an early step
in colonization and subsequent infection (Patti, 1994; Kreikemeyer, 2004). However, adhesion
of phagocytes to ECM components may facilitate removal of bacteria by localizing them to
the site of infection. In addition, adhesion of phagocytes to various ECM components
(fibronectin, fibrinogen, vitronectin, collagen, entactin, and laminin-111) enhance phagocytic
functions, such as ingestion and oxidative burst (Bohnsack, 1985; Brown, 1986; Senior,
1986; Monboisse, 1987; Brown, 1988; Parker, 1988; Yonemasu, 1988; Pike, 1989; Hermann,
1990; Laurent, 1991; Senior, 1992; Yang, 1994; Simms, 1997; Ottonello, 1998). Furthermore,
the presence of cytokines within the ECM enhances not only the adhesion (Alon, 1994;
Hershkoviz, 1994; Hershkoviz, 1995; Vaday, 2001), but also the bactericidal activities of
phagocytes (Simms, 1997).
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Synthetic peptides corresponding to sequences in laminins, fibronectin, vitronectin, and
thrombospondin, which contain a heparin-binding motif, can mediate direct bacterial killing
in a similar fashion as the cathelicidin class of antimicrobial peptides (Andersson, 2004;
Malmsten, 2006). Together, these data indicate a potential role for ECM proteins in
enhancement of the host defense against infections caused by pathogenic microorganisms.

2.3 ECM fragments induce immune responses
Fragments of ECM components exert effects on immune cells and elicit immune responses
that may have a role in the pathogenesis of diseases involving ECM remodeling. In this context,
recent observations with elastin-derived peptides are notable. With lymphocytes, elastin
peptides foster Th-1 type differentiation and enhance the expression of Th-1 type cytokines in
response to phytohemagglutinin (Debret, 2005). These effects occur coincident with increased
expression of EBP and appear to require occupancy of the EBP as they can be blocked by anti-
EBP antibody or by lactose that sheds EBP from the cell surface. In studies of monocytes,
elastin peptides have the effect of blunting the response of the cells to lipopolysaccharide (LPS)
stimulation (Baranek, 2007). The investigators speculate that this negative regulation is due to
effects of elastin peptides on LPS receptors (CD14 and TLR-4), by so-called trans regulation
of adjacent receptors.

Elastin-derived peptides may impact adaptive immunity. Higher levels of circulating anti-
elastin antibody have been reported in individuals with smoking-associated pulmonary
emphysema relative to controls (Lee, 2007). In these same studies, stimulation of T cells with
elastin peptides resulted in interferon γ release that correlated with the severity of emphysema.
From these observations, it is proposed that smoking elicits an inflammatory response that
leads to release of proteases that degrade lung elastin. In individuals susceptible to emphysema,
elastin peptides elicit immune responses leading to expression of cytokines that propel the
inflammatory response. The net result is further release of proteases and progressive
destruction of the lung ECM.

2.4 ECM-derived fragments induce changes in gene expression of inflammatory cells
Specific interactions between inflammatory cells and ECM components have been known for
a long time, yet relatively little has been done to assess the effects of ECM fragments on
inflammatory cell gene expression. Most studies in this area concern the effects of ECM
fragments on monocyte/macrophage production of proteases or cytokines. Thus, for example,
low molecular weight fragments of hyaluronan increase the expression of matrix
metalloproteinase (MMP)-12, plasminogen activator inhibitor (PAI)-1 (Horton, 1999; Horton,
2000), and stimulate the production of several cytokines, including MIP-1α, MIP-1β, MCP-1,
KC, IL-8, and IL-12 by macrophages (McKee, 1996; Hodge-Dufour, 1997; Horton, 1998a;
Horton, 1998b). Several fibronectin-derived fragments increase monocyte/macrophage
secretion of proteases (e.g., MMP-9/gelatinase B, MMP-12/macrophage elastase) and pro-
inflammatory cytokines (e.g., IL1, IL6, and TNFα) (Beezhold, 1992; Xie, 1993; Lopez-
Moratalla, 1995; Marom, 2007), whereas intact fibronectin does not have these effects,
indicating that sites within these fragments are cryptic.

Peptides containing the SIKVAV sequence of laminin-111 induce the expression of MMP-9
and urokinase-type plaminogen activator (uPA) by monocytes/macrophages (Corcoran,
1995; Khan, 1997; Khan, 2000; Adair-Kirk, 2003), and a similar peptide (ASKVKV) derived
from laminin-511 induces MMP-9 and MMP-14/MT1-MMP production by monocytes and
macrophages, and MMP-9 release from neutrophilic granules (Adair-Kirk, 2003). Additional
studies using microarray analysis indicated that this laminin α5-derived peptide up-regulates
many genes, including the pro-inflammatory cytokine TNFα and one of its receptors, TNFR-
II (Table 1) (Adair-Kirk, 2005). Of note, the chemotactic elastin-derived peptide Val-Gly-Val-
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Ala-Pro-Gly (VGVAPG), which is repeated several times in human elastin, failed to increase
TNFα production by macrophages. These studies indicate that fragments derived from various
ECM components can produce some similar responses in inflammatory cells, such as
chemotaxis, but may have very different effects on gene expression.

Finding that ECM-derived fragments lead to changes in inflammatory cell gene expression has
stimulated analysis of intracellular pathways involved in these effects. With peripheral blood
lymphocytes, elastin peptides elicit AP-1 DNA binding (Debret, 2005). Using melanoma cells
as the target cell and induction of IL-1β as the readout, Debret et. al. found that VGVAPG
induced NF-κB translocation and DNA binding (Debret, 2006).

3. In Vivo Effects of ECM Fragments on Inflammatory Cells: General
Comments

As described above, there is considerable evidence that fragments or peptides derived from
ECM components modulate many activities of inflammatory cells in vitro. To determine
whether these findings apply in vivo is difficult. Several pieces of data are needed: 1) induction
of inflammatory effects when ECM-derived fragments or synthetic ECM domains are
introduced into tissues; 2) detection of similar ECM fragments in biological samples, such as
tissue extracts, serum, synovial fluid, or bronchoalveolar lavage fluid, coincident with tissue
inflammation; and 3) demonstration that blocking the ligand binding site in the ECM molecule,
typically by use of fragment-specific blocking antibodies, significantly alters the inflammation
and/or tissue injury induced by the ECM ligand.

In trying to assemble these types of data, one needs to recognize that the inflammatory response
that develops in vivo following instillation of an ECM fragment may not be a direct result of
the ECM fragment, and that the degradation of the ECM in vivo is complex, involving multiple
proteases, so that ECM fragments released in vivo in response to injury are likely to be different
that those generated in vitro using a single protease. Therefore, additional studies need to be
performed to show that the ECM fragment generated in vivo induces pro-inflammatory
activities and that the activities are due to the previously identified site.

3.1 Laminin-derived peptides promote inflammatory cell protease production and migration
A SIKVAV-containing laminin α1 fragment recovered from human abdominal aortic
aneurysm tissue was found to stimulate macrophage expression of urokinase-type plaminogen
activator (uPA) and MMP-9 (Faisal Khan, 2002). In addition, instillation of a SIKVAV-like
laminin α5-derived peptide into the lungs of mice resulted in robust recruitment of neutrophils
within 1 day and macrophages by 3 days post-instillation (Adair-Kirk, 2003), and a concurrent
increase in the MMP-9 was detected in the bronchoalveolar lavage fluid. This in vivo
chemotactic response to the laminin α5 peptide is believed to be predominantly due to its ability
to induce various cytokines by macrophages (Table 1) rather than the modest chemotactic
activity of the laminin α5 peptide itself (Adair-Kirk, 2005). Together, these data show that
laminin peptides may induce inflammatory cell recruitment and protease production in vivo.

3.2 Elastin fragments promote monocyte/macrophage recruitment in vivo
Chronic inflammation and elastin degradation are key features of abdominal aortic aneurysms,
chronic obstructive pulmonary disease, and Marfan syndrome. Several studies have shed light
into mechanisms by which macrophages are recruited into tissues during the development of
these diseases. For example, extracts of abdominal aortic aneurysm specimens from patients
undergoing surgical repair were shown to promote monocyte migration in vitro, which was
blocked by incubation of the extracts with the BA4 monoclonal antibody, an antibody raised
to bovine tropoelastin that recognizes the VGVAPG epitope (Hance, 2002). Furthermore,
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exposure of monocytes to lactose, to specifically induce dissociation of the EBP from the cell
surface (Hinek, 1988), eliminated monocyte migration to aneurysm extracts. Accordingly,
these data suggest that the chemotactic activity in the aneurysm extracts was due to in vivo
derived elastin fragments. Similarly, aortic extracts from mgR/mgR mice, a model of Marfan
syndrome, were shown to have macrophage chemotactic activity that could be blocked with
BA4 or by pre-incubation of the macrophages with lactose prior to the chemotaxis assay (Guo,
2006). Together, these data implicate that elastin fragments are generated in vivo in aortic
disease and that they possess chemotactic activity. However, they do not show that these elastin
fragments play a role in the disease process.

Recently, Houghton et. al. observed a direct role for elastin fragments in triggering an
inflammatory response in the lungs and subsequent tissue damage. Instillation of elastin
fragments from bovine ligament (generated in vitro by digestion of the ligament with pancreatic
elastase) into the lungs of mice induced monocyte, but not neutrophil, recruitment (Houghton,
2006). In addition, bronchoalveolar lavage fluid and lung homogenates of mice exposed to
cigarette smoke induced monocyte migration in vitro, and this activity was blocked by BA4.
To prove that the generation of elastin fragments in vivo facilitated the inflammatory response
and lung tissue damage, BA4 was given concurrently with daily cigarette smoke exposure or
following instillation of pancreatic elastase, another mouse model of emphysema. BA4
prevented the macrophage accumulation in response to cigarette smoke exposure or following
instillation of pancreatic elastase. Furthermore, BA4 prevented additional, macrophage-
mediated lung damage following pancreatic elastase instillation. These data indicate that elastin
fragments generated in these forms of lung injury promote an inflammatory response and tissue
damage. However, because BA4 reacts with XGXXPG-containing peptides that interact with
the EBP, XGXXPG-containing fragments from ECM proteins other than elastin might also be
involved in the pathologic processes observed.

3.3 A collagen-derived peptide promotes neutrophil migration in vivo
Another clear example of an ECM-derived peptide that is generated in vivo, and contributes
to an in vivo inflammatory response, is the Pro-Gly-Pro (PGP) peptide from type 1 collagen.
About 20 years ago, collagen fragments or collagen-derived peptides were shown to promote
neutrophil chemotactic migration in vitro (Laskin, 1986; Senior, 1989) and neutrophil
accumulation in the lungs of rats following intratracheal instillation (Riley, 1988). In addition,
in studies of alkali-induced corneal injury in rabbits, a neutrophilic chemotactic activity was
found (Pfister, 1988), which was later shown to be a collagen-derived tripeptide, PGP (Pfister,
1995). This tripeptide was generated in two forms, N-acetyl-PGP and N-methyl-PGP, but the
acetylated form proved to be significantly more active as a neutrophil chemoattractant
(Haddox, 1999). MMP-9 may be one of the proteases involved in the generation of PGP in
vivo judging from a recent study of bacterial infection in mice. MMP-9-deficient mice showed
less PGP and fewer neutrophils in bronchoalveolar lavage fluid, and better preservation of
collagen fibrils in the lungs, than controls in a model of F. tularensis pulmonary infection
(Malik, 2007). Prolyl endopeptidase, a serine endoprotease with the ability to cleave peptide
bonds on the carboxyl side of proline residues in peptides shorter than 30 amino acids, appears
to act in concert with MMP-8 and/or MMP-9 to generate PGP from collagen (J. Edwin Blalock,
University of Alabama, personal communication). The in vivo mechanism of acetylation of
PGP is still unknown.

In the study by Weathington et. al. discussed in section 2.1 above, LPS-instillation into the
lungs of mice generated acPGP and neutrophil accumulation. By administering a monoclonal
PGP-blocking antibody concurrent with LPS, the neutrophil accumulation in response to LPS
was dramatically reduced. Further, intrapulmonary instillation of acPGP promoted neutrophil
recruitment in the lungs of wild-type mice, but not in mice lacking CXCR2, the receptor for

Adair-Kirk and Senior Page 6

Int J Biochem Cell Biol. Author manuscript; available in PMC 2009 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the mouse equivalent of IL-8 (Fig. 3). These data, along with in vitro data using human
neutrophils and CXCR1 and CXCR2 blocking antibodies, indicated that PGP's mode of action
involves binding to CXCR2 on murine neutrophils, and CXCR1 and CXCR2 on human
neutrophils. Repeated intratracheal instillation of PGP into mice caused airspace enlargement
resembling emphysema. Also, in this study PGP was found in bronchoalveolar lavage fluid
from individuals with chronic obstructive pulmonary disease, a condition in which there is
chronic inflammation of lung tissue.

3.4 Hyaluronan fragments induce cytokines
Hyaluronan is a polymeric component of the ECM consisting of repeating disaccharide units
of D-glucuronic acid and N-acetyl glucosamine. Under normal conditions it is present in a high
molecular weight form (>1000 kDa). In tissue injury and inflammation hyaluronan can undergo
processing to lower molecular weight forms that induce the expression of a variety of genes
involved in inflammation in various cells types, including macrophages. Initial studies
indicated that signaling from hyaluronan degradation products involves CD44 exclusively.
However, studies of CD44 null macrophages indicate that there are other signaling pathways,
notably through Toll-like receptors, TLR2 and TLR4 (Jiang, 2005). Hyaluronan degradation
products are likely to be relevant in vivo as circulating levels are detectable in individuals with
acute lung injury and when these products are isolated they induce murine macrophages to
express cytokines such as MIP-1α, MIP-1β, MCP-1, KC, IL-8, and IL-12 (McKee, 1996;
Hodge-Dufour, 1997).

4. Summary
ECM components have domains that interact with receptors on inflammatory cells. Thus,
exposure or release of these matrix-derived domains from intact ECM molecules, as may occur
by proteolytic activity during inflammation and tissue injury, can lead to a variety of
inflammatory cell responses. Recent studies clearly show that bioactive domains of ECM can
be generated in vivo. Receptors for active domains in several ECM components have been
determined at the molecular level and the intracellular signaling pathways triggered by
receptors for ECM-derived ligands are under study.

5. Conclusion
In addition to its classical role of providing structural support for cells and tissues, fragments
released from many ECM components trigger various responses in inflammatory and immune
cells.
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ECM  

extracellular matrix

EBP  
elastin binding protein

acPGP  
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N-acetylated Pro-Gly-Pro

MMP  
matrix metalloproteinase

SIKVAV  
Ser-Ile-Lys-Val-Ala-Val
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Fig. 1. The elastin receptor complex
A 67-kDa enzymatically inactive, alternatively spliced variant of human β-galactosidase is
identical to the previously described elastin binding protein (EBP). This protein binds the X-
Gly-X-X-Pro-Gly (XGXXPG) motif in ECM proteins, such as elastin, laminins, collagen type
IV, and fibrillin-1. EBP complexes with the 55-kDa protective protein-cathepsin A (PPCA)
and the 61-kDa neuraminidase (Neu-1) on the cell surface. This receptor complex, after
interaction with XGXXPG motifs, via Neu-1, transduces intracellular signals that trigger
numerous cellular responses (provided by Aleksander Hinek, see (Hinek, 1988; Hinek, 1996;
Privitera, 1998)).
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Fig. 2. The “linker” regions of the mouse laminin α chains
The amino acid sequences of the “linker” region between the coiled-coil and the globular
domains of two of the five the mouse laminin α chains are compared. Dashes are incorporated
to maintain alignment. The SIKVAV-like sequences (underlined) in these laminin chains
activate inflammatory cells (Corcoran, 1995; Khan, 1997; Khan, 2000; Adair-Kirk, 2003).
Modified from (Adair-Kirk, 2003) with permission; Copyright 2003 The American
Association of Immunologists, Inc.
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Fig. 3. Chemotactic activity of a collagen-derived fragment
Early in an inflammatory response, human neutrophils react to CXC chemokines, such as IL-8,
by following the chemotactic gradient and emigrating into the interstitial space. This
chemotactic response depends upon the ability of IL-8 to engage either of its two receptors,
CXCR1 and CXCR2. Proteolytic cleavage of type I collagen, presumably by MMPs and
subsequent acetylation, generates an acetylated pro-gly-pro, which mimics a key motif of IL-8,
and thus stimulates CXCR1 and CXCR2, prolonging the influx of neutrophils. Taken from
(Henson, 2006) with permission.
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Table 1
Microarray Detection of Signaling Ligand and Receptor mRNAs Increased at Least 3-fold in RAW264.7
Macrophages in Response to the Laminin α5 Peptide AQARSAASKVKVSMKF

Genbank # Description Fold Change
X70058 Chemokine (C-C motif) ligand 7 (CCL7; MCP-3) 26.7
D86238 Neuropeptide Y receptor Y2 (Npy2r) 22.8
X53798 Chemokine (C-X-C motif) ligand 2 (CXCL2; MIP-2; Groβ) 15.7
M33266 Chemokine (C-X-C motif) ligand 10 (CXCL10; IP-10) 7.9
X87128 p75 TNF receptor (TNFR-II; Tnfrsf1b; CD120b) 5.7
M13926 Colony stimulating factor 3 (granulocyte; Csf3) 5.4
X62502 Macrophage inflammatory protein 1b (CCL4; MIP-1β) 4.2
U06924 Signal transducer and activator of transcription 1 (STAT-1) 3.9
M19681 Platelet-derived growth factor-inducible protein (CCL2; MCP-1) 3.7
D84196 Tumor necrosis factor alpha (TNFα) 3.5
U29678 Chemokine (C-C motif) receptor 1 (CCR1) 3.4

AI838195 Opioid growth factor receptor (Ogfr) 3.3
J04491 Chemokine (C-C motif) ligand 3 (CCL3; MIP-1α) 3.2

Taken from (Adair-Kirk, 2005) with permission; Copyright 2005 The American Association of Immunologists, Inc.
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