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Integrins are a family of cell adhesion receptors that recognize
extracellular matrix (ECM) ligands, cell surface ligands and soluble
ligands (e.g., growth factors [1,2]. Ligation of integrins triggers a
large variety of signal transduction events such as proliferation,
shape, motility, gene expression and differentiation. It has been well
established that integrins are required for cytokine/growth factor
signaling (integrin-cytokine crosstalk). Current models suggest that
cytokines bind to cytokine receptors and integrins bind to ECM
ligands, and the two separate signals merge inside the cells. Recent
studies in our lab suggest that these models may need to be revised.
We reported that several cytokines (fibroblast growth factor-1 (FGF1),
insulin-like growth factor-1 (IGF1), neuregulin-1 and fractalkine
(FKN/CX3CL1)) directly bind to both integrins and cytokine
receptors simultaneously and induce ternary complex formation
on the cell surface (integrin-cytokine-cytokine receptor) [3-12]. The
integrin-binding defective cytokine mutants are not capable of signal
transduction and ternary complex formation. Notably, we found that
the mutants of FGF1, IGF1 and FKN act as antagonists of cytokine
signaling (dominant-negative mutants) [4,5,10,12], suggesting that
the integrin-binding defective cytokine mutants may have potential as
therapeutics. In this editorial, we focus on the roles of integrins-FKN
(chemokine) crosstalk in leukocytes based on our recent findings. We
propose a new model of FKN signaling, in which integrins act as a
co-receptor of FKN.

The recruitment of leukocytes from the circulation to
inflammation sites is a critical event in the inflammatory response
and includes several processes [13-17]. Leukocyte trafficking
requires adhesion molecules (e.g., selectin, integrins), chemokines
and cytoskeletal regulators [18-23]. FKN is a CX3C chemokine that
plays a role in inflammatory diseases such as rheumatoid arthritis
and systemic lupus erythematosus [24-27]. Unlike most chemokines,
FKN is expressed as a membrane-bound form on endothelial cells
[28]. FKN is composed of 373 total amino acids consisting of an
N-terminal chemokine domain (residues 1-76), a mucin-like stalk
(residues 77-317), a transmembrane a helix (residues 318-336),
and a short cytoplasmic tail (residues 337-373) [29]. FKN’s specific
receptor CX3CR1 (a G-protein coupled receptor) is expressed in

NK cells, T cells, monocytes, platelets, and vascular smooth muscle
cells [30-33]. FKN binding to CX3CRI1 mediates interaction between
inflammatory cells (monocytes and T cells) and endothelial cells.
The chemokine domain of FKN (FKN-CD) is presented at the top
of the membrane-bound mucin-like stalk and FKN itself acts as an
adhesion molecule. In addition to the intrinsic adhesion function,
FKN enhances cell adhesion through integrin activation. Therefore,
the engagement of both CX3CRI1 and integrins through FKN and
integrin ligands (e.g., ICAM-1 and VCAM-1) results in enhanced
cell adhesion [29,34]. FKN-CX3CRI interaction can increase integrin
affinity through G-protein [22,35-41] and enhance cell adhesion to
activated endothelial cells. Thus, it has been proposed that FKN-
mediated adhesion does not involve the direct binding of integrins
to FKN.

However, we discovered that FKN-CD directly binds to integrins
(avB3 and a4P1) and induces ternary complex formation (integrin-
FKN-CX3CR1) on the cell surface in leukocytes [12]. We also
identified that Lys36 and Arg37 in FKN-CD are critical residues for
the integrin binding. We generated an integrin-binding defective
FKN mutant (K36E/R37E). The mutant still binds to CX3CR1 well,
but the mutant is defective in integrin activation, cell adhesion and
ternary complex formation in leukocytes. Thus, our studies suggest
that FKN-CX3CRI interaction is not sufficient for these functions.
Based on these findings, we propose a novel model of FKN signaling,
in which the direct integrin-FKN interaction and subsequent ternary
complex formation (integrin-FKN-CX3CR1) are required for FKN
function in leukocytes (e. g., integrin activation and cell adhesion).

Why direct integrin binding to the chemokine domain of FKN
was overlooked? It is known that integrin-ligand interaction is
dependent on divalent cations. Therefore, since EDTA does not block
FKN binding to cell surface, it has been proposed that this interaction
is integrin-independent [30]. However, we demonstrated that EDTA
does not fully suppress FKN-CD binding to integrins avP3 and
a4pBl. We believe that EDTA is insufficient to inhibit FKN-integrin
interaction since FKN-CD is an extremely high affinity ligand for
integrins (KD=3x10"° M). Also, previous studies used the chemokine
domain (76 amino acid residues) fused with large secretory placenta
alkaline phosphatase (484 amino acid residues) (CX3CLI1-SEAP)
[34,36]. We suspect that CX3CLI-SEAP is defective in integrin
binding possibly due to steric hindrance. We used the chemokine
domain with a relatively small tag (34 amino acid residues). Possibly,
that is why we were able to detect integrin-FKN-CD interaction.

If ternary complex formation is required for FKN signaling,
it is predicted that the mutant will exert as an antagonist of this
signaling pathway. Consistent with the prediction, we demonstrated
that excess K36E/R37E suppresses integrin activation in vitro, and
leukocyte infiltration in thioglycollate-induced peritonitis in vivo
[12]. These findings suggest that the mutant acts as a dominant-
negative antagonist of CX3CR1. The K36E/R37E mutant may have
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potential as a therapeutic agent in inflammatory diseases.

In this editorial, we discussed our recent findings in cytokine-
integrin crosstalk, particularly the roles of integrins in FKN
signaling. We propose a novel model of FKN signaling, in which the
direct integrin-FKN interaction and subsequent ternary complex
formation (integrin-FKN-CX3CR1) are required for FKN function.
The integrin-binding defective FKN mutant is not only a useful tool
for understanding the roles of integrins, but also has therapeutic
potential as an anti-inflammatory agent.

Acknowledgments

This work was supported in part by Tobacco-Related Disease
Research Program Grant 18XT-0169, National Institutes of
Health Grant CA13015, and Department of Defense Grant
W81XWH-10-1-0312 (to Y.T.).

References

1. Hynes RO. Integrins: bidirectional, allosteric signaling machines. Cell. 2002;
110: 673-687.

2. Takada, Ye X, Simon S. The integrins. Genome biol. 2007; 8: 215.

3. Mori S, Wu CY, Yamaji S, Saegusa J, Shi B . Direct binding of integrin
alphavbeta3 to FGF1 plays a role in FGF1 signaling. J Biol Chem. 2008; 283:
18066-18075.

4. Yamaji S, Saegusa J, leguchi K, Fujita M, Mori S . A novel fibroblast growth
factor-1 (FGF1) mutant that acts as an FGF antagonist. PLoS One. 2010; 5:
e10273.

5. Mori S, Tran V, Nishikawa K, Kaneda T, Hamada Y . A dominant-negative
FGF1 mutant (the RS0E mutant) suppresses tumorigenesis and angiogenesis.
PLoS One. 2013; 8: €57927.

6. Mori S, Takada Y. Crosstalk between Fibroblast Growth Factor (FGF)
Receptor and Integrin through Direct Integrin Binding to FGF and Resulting
Integrin-FGF-FGFR Ternary Complex Formation. Medical Sciences. 2013;
1: 20-36.

7. Saegusa J, Yamaji S, leguchi K, Wu CY, Lam KS . The direct binding of
insulin-like growth factor-1 (IGF-1) to integrin alphavbeta3 is involved in IGF-1
signaling. J Biol Chem. 2009; 284: 24106-24114.

8. Fujita M, leguchi K, Davari P, Yamaji S, Taniguchi Y, Sekiguchi K, et al.
Cross-talk between integrin alpha6beta4 and insulin-like growth factor-1
receptor (IGF1R) through direct alpha6beta4 binding to IGF1 and subsequent
alpha6beta4-IGF1-IGF1IR ternary complex formation in anchorage-
independent conditions. J Biol Chem 2012; 287: 12491-12500.

9. Fujita M, Takada YK, Takada Y . Insulin-like growth factor (IGF) signaling
requires 12vi23-IGF1-IGF type 1 receptor (IGF1R) ternary complex formation
in anchorage independence, and the complex formation does not require
IGF1R and Src activation. J Biol Chem. 2013; 288: 3059-3069.

10. Fujita M, leguchi K, Cedano-Prieto DM, Fong A, Wilkerson C, et al. An
integrin binding-defective mutant of insulin-like growth factor-1 (R36E/R37E
IGF1) acts as a dominant-negative antagonist of the IGF1 receptor (IGF1R)
and suppresses tumorigenesis but still binds to IGF1R. J Biol Chem. 2013;
288: 19593-19603.

11. leguchi K, Fujita M, Ma Z, Davari P, Taniguchi Y . Direct binding of the EGF-
like domain of neuregulin-1 to integrins ({alpha}v{beta}3 and {alpha}6{beta}4)
is involved in neuregulin-1/ErbB signaling. J Biol Chem. 2010; 285: 31388-
31398.

12. Fujita M, Takada YK, Takada Y . Integrins T+vi23 and 1+4121 act as coreceptors
for fractalkine, and the integrin-binding defective mutant of fractalkine is an
antagonist of CX3CR1. J Immunol. 2012; 189: 5809-5819.

13. Bargatze RF, Butcher EC. Rapid G protein-regulated activation event
involved in lymphocyte binding to high endothelial venules. J Exp Med. 1993;
178: 367-372.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Springer TA . Traffic signals for lymphocyte recirculation and leukocyte
emigration: the multistep paradigm. Cell. 1994; 76: 301-314.

Ley K, Tedder TF . Leukocyte interactions with vascular endothelium. New
insights into selectin-mediated attachment and rolling. J Immunol. 1995; 155:
525-528.

Tedder TF, Steeber DA, Chen A, Engel P . The selectins: vascular adhesion
molecules. FASEB J. 1995; 9: 866-873.

Lloyd AR, Oppenheim JJ, Kelvin DJ, Taub DD . Chemokines regulate T
cell adherence to recombinant adhesion molecules and extracellular matrix
proteins. J Immunol. 1996; 156: 932-938.

Tanaka Y, Adams DH, Hubscher S, Hirano H, Siebenlist U . T-cell adhesion
induced by proteoglycan-immobilized cytokine MIP-1 beta. Nature. 1993;
361: 79-82.

Taub DD, Conlon K, Lloyd AR, Oppenheim JJ, Kelvin DJ . Preferential
migration of activated CD4+ and CD8+ T cells in response to MIP-1 alpha
and MIP-1 beta. Science. 1993; 260: 355-358.

Taub DD, Lloyd AR, Conlon K, Wang JM, Ortaldo JR . Recombinant human
interferon-inducible protein 10 is a chemoattractant for human monocytes
and T lymphocytes and promotes T cell adhesion to endothelial cells. J Exp
Med. 1993; 177: 1809-1814.

Charo IF, Ransohoff RM . The many roles of chemokines and chemokine
receptors in inflammation. N Engl J Med. 2006; 354: 610-621.

Campbell 33, Hedrick J, Zlotnik A, Siani MA, Thompson DA . Chemokines
and the arrest of lymphocytes rolling under flow conditions. Science. 1998;
279: 381-384.

Peled A, Grabovsky V, Habler L, Sandbank J, Arenzana-Seisdedos F . The
chemokine SDF-1 stimulates integrin-mediated arrest of CD34(+) cells on
vascular endothelium under shear flow. J Clin Invest. 1999; 104: 1199-1211.

Bazan JF, Bacon KB, Hardiman G, Wang W, Soo K . A new class of
membrane-bound chemokine with a CX3C motif. Nature. 1997; 385: 640-
644.

Pan Y, Lloyd C, Zhou H, Dolich S, Deeds J . Neurotactin, a membrane-
anchored chemokine upregulated in brain inflammation. Nature. 1997; 387:
611-617.

Zlotnik A, Yoshie O . Chemokines: a new classification system and their role
in immunity. Immunity. 2000; 12: 121-127.

Koch AE . Chemokines and their receptors in rheumatoid arthritis: future
targets? Arthritis Rheum. 2005; 52: 710-721.

GarciaGE, XiaY, Chen S, Wang Y, Ye RD . NF-kappaB-dependent fractalkine
induction in rat aortic endothelial cells stimulated by IL-1beta, TNF-alpha, and
LPS. J Leukoc Biol. 2000; 67: 577-584.

Umehara H, Bloom E, Okazaki T, Domae N, Imai T . Fractalkine and vascular
injury. Trends Immunol. 2001; 22: 602-607.

Imai T, Hieshima K, Haskell C, Baba M, Nagira M . Identification and
molecular characterization of fractalkine receptor CX3CR1, which mediates
both leukocyte migration and adhesion. Cell. 1997; 91: 521-530.

Lucas AD, Bursill C, Guzik TJ, Sadowski J, Channon KM . Smooth muscle
cells in human atherosclerotic plaques express the fractalkine receptor
CX3CR1 and undergo chemotaxis to the CX3C chemokine fractalkine
(CX3CL1). Circulation. 2003; 108: 2498-2504.

Schéafer A, Schulz C, Eigenthaler M, Fraccarollo D, Kobsar A . Novel role
of the membrane-bound chemokine fractalkine in platelet activation and
adhesion. Blood. 2004; 103: 407-412.

Umehara H, Bloom ET, Okazaki T, Nagano Y, Yoshie O . Fractalkine in
vascular biology: from basic research to clinical disease. Arterioscler Thromb
Vasc Biol. 2004; 24: 34-40.

Kerfoot SM, Lord SE, Bell RB, Gill V, Robbins SM. Human fractalkine
mediates leukocyte adhesion but not capture under physiological shear
conditions; a mechanism for selective monocyte recruitment. Eur J Immunol.
2003; 33: 729-739.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Immunol 1(3): id1011 (2014) - Page - 02


http://www.ncbi.nlm.nih.gov/pubmed/12297042
http://www.ncbi.nlm.nih.gov/pubmed/12297042
http://www.ncbi.nlm.nih.gov/pubmed/17543136
http://www.ncbi.nlm.nih.gov/pubmed/18441324
http://www.ncbi.nlm.nih.gov/pubmed/18441324
http://www.ncbi.nlm.nih.gov/pubmed/18441324
http://www.ncbi.nlm.nih.gov/pubmed/20422052
http://www.ncbi.nlm.nih.gov/pubmed/20422052
http://www.ncbi.nlm.nih.gov/pubmed/20422052
http://www.ncbi.nlm.nih.gov/pubmed/23469107
http://www.ncbi.nlm.nih.gov/pubmed/23469107
http://www.ncbi.nlm.nih.gov/pubmed/23469107
http://www.ncbi.nlm.nih.gov/pubmed/19578119
http://www.ncbi.nlm.nih.gov/pubmed/19578119
http://www.ncbi.nlm.nih.gov/pubmed/19578119
http://www.ncbi.nlm.nih.gov/pubmed/22351760
http://www.ncbi.nlm.nih.gov/pubmed/22351760
http://www.ncbi.nlm.nih.gov/pubmed/22351760
http://www.ncbi.nlm.nih.gov/pubmed/22351760
http://www.ncbi.nlm.nih.gov/pubmed/22351760
http://www.ncbi.nlm.nih.gov/pubmed/23243309
http://www.ncbi.nlm.nih.gov/pubmed/23243309
http://www.ncbi.nlm.nih.gov/pubmed/23243309
http://www.ncbi.nlm.nih.gov/pubmed/23243309
http://www.ncbi.nlm.nih.gov/pubmed/23696648
http://www.ncbi.nlm.nih.gov/pubmed/23696648
http://www.ncbi.nlm.nih.gov/pubmed/23696648
http://www.ncbi.nlm.nih.gov/pubmed/23696648
http://www.ncbi.nlm.nih.gov/pubmed/23696648
http://www.ncbi.nlm.nih.gov/pubmed/20682778
http://www.ncbi.nlm.nih.gov/pubmed/20682778
http://www.ncbi.nlm.nih.gov/pubmed/20682778
http://www.ncbi.nlm.nih.gov/pubmed/20682778
http://www.ncbi.nlm.nih.gov/pubmed/23125415
http://www.ncbi.nlm.nih.gov/pubmed/23125415
http://www.ncbi.nlm.nih.gov/pubmed/23125415
http://www.ncbi.nlm.nih.gov/pubmed/8315393
http://www.ncbi.nlm.nih.gov/pubmed/8315393
http://www.ncbi.nlm.nih.gov/pubmed/8315393
http://www.ncbi.nlm.nih.gov/pubmed/7507411
http://www.ncbi.nlm.nih.gov/pubmed/7507411
http://www.ncbi.nlm.nih.gov/pubmed/7541818
http://www.ncbi.nlm.nih.gov/pubmed/7541818
http://www.ncbi.nlm.nih.gov/pubmed/7541818
http://www.ncbi.nlm.nih.gov/pubmed/7542213
http://www.ncbi.nlm.nih.gov/pubmed/7542213
http://www.ncbi.nlm.nih.gov/pubmed/8558019
http://www.ncbi.nlm.nih.gov/pubmed/8558019
http://www.ncbi.nlm.nih.gov/pubmed/8558019
http://www.ncbi.nlm.nih.gov/pubmed/7678446
http://www.ncbi.nlm.nih.gov/pubmed/7678446
http://www.ncbi.nlm.nih.gov/pubmed/7678446
http://www.ncbi.nlm.nih.gov/pubmed/7682337
http://www.ncbi.nlm.nih.gov/pubmed/7682337
http://www.ncbi.nlm.nih.gov/pubmed/7682337
http://www.ncbi.nlm.nih.gov/pubmed/8496693
http://www.ncbi.nlm.nih.gov/pubmed/8496693
http://www.ncbi.nlm.nih.gov/pubmed/8496693
http://www.ncbi.nlm.nih.gov/pubmed/8496693
http://www.ncbi.nlm.nih.gov/pubmed/16467548
http://www.ncbi.nlm.nih.gov/pubmed/16467548
http://www.ncbi.nlm.nih.gov/pubmed/9430588
http://www.ncbi.nlm.nih.gov/pubmed/9430588
http://www.ncbi.nlm.nih.gov/pubmed/9430588
http://www.ncbi.nlm.nih.gov/pubmed/10545519
http://www.ncbi.nlm.nih.gov/pubmed/10545519
http://www.ncbi.nlm.nih.gov/pubmed/10545519
http://www.ncbi.nlm.nih.gov/pubmed/9024663
http://www.ncbi.nlm.nih.gov/pubmed/9024663
http://www.ncbi.nlm.nih.gov/pubmed/9024663
http://www.ncbi.nlm.nih.gov/pubmed/9177350
http://www.ncbi.nlm.nih.gov/pubmed/9177350
http://www.ncbi.nlm.nih.gov/pubmed/9177350
http://www.ncbi.nlm.nih.gov/pubmed/10714678
http://www.ncbi.nlm.nih.gov/pubmed/10714678
http://www.ncbi.nlm.nih.gov/pubmed/15751074
http://www.ncbi.nlm.nih.gov/pubmed/15751074
http://www.ncbi.nlm.nih.gov/pubmed/10770292
http://www.ncbi.nlm.nih.gov/pubmed/10770292
http://www.ncbi.nlm.nih.gov/pubmed/10770292
http://www.ncbi.nlm.nih.gov/pubmed/11698220
http://www.ncbi.nlm.nih.gov/pubmed/11698220
http://www.ncbi.nlm.nih.gov/pubmed/9390561
http://www.ncbi.nlm.nih.gov/pubmed/9390561
http://www.ncbi.nlm.nih.gov/pubmed/9390561
http://www.ncbi.nlm.nih.gov/pubmed/14581400
http://www.ncbi.nlm.nih.gov/pubmed/14581400
http://www.ncbi.nlm.nih.gov/pubmed/14581400
http://www.ncbi.nlm.nih.gov/pubmed/14581400
http://www.ncbi.nlm.nih.gov/pubmed/12969973
http://www.ncbi.nlm.nih.gov/pubmed/12969973
http://www.ncbi.nlm.nih.gov/pubmed/12969973
http://www.ncbi.nlm.nih.gov/pubmed/12969992
http://www.ncbi.nlm.nih.gov/pubmed/12969992
http://www.ncbi.nlm.nih.gov/pubmed/12969992
http://www.ncbi.nlm.nih.gov/pubmed/12616493
http://www.ncbi.nlm.nih.gov/pubmed/12616493
http://www.ncbi.nlm.nih.gov/pubmed/12616493
http://www.ncbi.nlm.nih.gov/pubmed/12616493

Masaaki Fujita Austin Publishing Group

35. Weber KS, von Hundelshausen P, Clark-Lewis |, Weber PC, Weber C . 39. Weber C. Novel mechanistic concepts for the control of leukocyte
Differential immobilization and hierarchical involvement of chemokines in transmigration: specialization of integrins, chemokines, and junctional
monocyte arrest and transmigration on inflamed endothelium in shear flow. molecules. J Mol Med (Berl). 2003; 81: 4-19.

Eur J Immunol. 1999; 29: 700-712. ) o _
40. Smith ML, Olson TS, Ley K . CXCR2- and E-selectin-induced neutrophil

36. Goda S, Imai T, Yoshie O, Yoneda O, Inoue H. CX3C-chemokine, fractalkine- arrest during inflammation in vivo. J Exp Med. 2004; 200: 935-939.
enhanced adhesion of THP-1 cells to endothelial cells through integrin- ) . . . o
dependent and -independent mechanisms. J Immunol. 2000; 164: 4313- 41. Smith DF, Galkina E, Ley K, Huo Y . GRO famny chem_oklnes e_are specialized
4320. for monocyte arrest from flow. Am J Physiol Heart Circ Physiol. 2005; 289:

H1976-1984.

37.Moser B, Loetscher P. Lymphocyte traffic control by chemokines. Nat

Immunol. 2001; 2: 123-128.

38. Gerard C, Rollins BJ. Chemokines and disease. Nat Immunol. 2001; 2: 108-
115.

Austin J Clin Immunol - Volume 1 Issue 3 - 2014
ISSN : 2381-9138 | www.austinpublishinggroup.com
Fujita et al. © All rights are reserved

Citation: Fujita M, Takada Y. Integrins as Co-receptors of Fractalkine. Austin J Clin Immunol. 2014;1(3): 1011.

Submit your Manuscript | www.austinpublishinggroup.com Austin J Clin Immunol 1(3): id1011 (2014) - Page - 03


http://www.ncbi.nlm.nih.gov/pubmed/10064088
http://www.ncbi.nlm.nih.gov/pubmed/10064088
http://www.ncbi.nlm.nih.gov/pubmed/10064088
http://www.ncbi.nlm.nih.gov/pubmed/10064088
http://www.ncbi.nlm.nih.gov/pubmed/10754331
http://www.ncbi.nlm.nih.gov/pubmed/10754331
http://www.ncbi.nlm.nih.gov/pubmed/10754331
http://www.ncbi.nlm.nih.gov/pubmed/10754331
http://www.ncbi.nlm.nih.gov/pubmed/11175804
http://www.ncbi.nlm.nih.gov/pubmed/11175804
http://www.ncbi.nlm.nih.gov/pubmed/11175802
http://www.ncbi.nlm.nih.gov/pubmed/11175802
http://www.ncbi.nlm.nih.gov/pubmed/12545245
http://www.ncbi.nlm.nih.gov/pubmed/12545245
http://www.ncbi.nlm.nih.gov/pubmed/12545245
http://www.ncbi.nlm.nih.gov/pubmed/15466624
http://www.ncbi.nlm.nih.gov/pubmed/15466624
http://www.ncbi.nlm.nih.gov/pubmed/15937099
http://www.ncbi.nlm.nih.gov/pubmed/15937099
http://www.ncbi.nlm.nih.gov/pubmed/15937099

	Title
	Acknowledgments 
	References

