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CCR6 is not necessary for functional effects of
human CCL18 in a mouse model
Irina G Luzina1,2 and Sergei P Atamas1,2*

Abstract

CCL18, a chemokine with no known receptor, has been implicated in several fibrotic pulmonary diseases
associated with T-lymphocyte infiltration. It has been hypothesized that CCL18 may act through CCR6. Gene
delivery of human CCL18 to the lungs of wild-type mice induced pulmonary infiltration of T-lymphocytes, less than
5% of which expressed CCR6. In the lungs of CCR6-deficient mice, CCL18-driven infiltration of T-lymphocytes was
attenuated but not fully abrogated. It was concluded that CCR6 is not necessary for CCL18-induced changes in
mice in vivo and that CCR6 is not the main functional receptor for CCL18 in this model.
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Correspondence
CC chemokine ligand 18 (CCL18, also termed MIP-4,
PARC, AMAC-1, DC-CK-1 and SCYA18) is a chemo-
kine that has been implicated in several fibrotic pulmon-
ary diseases associated with T-lymphocyte infiltration
[1-5]. This cytokine has no known receptor and is pre-
sent in humans but not in mice [6-9], although human
CCL18 is fully functionally active in mice in vivo, caus-
ing chemotaxis of T-lymphocytes [3-5,9]. These observa-
tions suggest that although CCL18 was lost in mice after
evolutionary separation from human ancestors, the
receptor for it has been preserved in both mice and
humans. Identification of a functional CCL18 receptor
would allow for development of therapies targeting
CCL18-driven lymphocytic inflammation and fibrosis.
However, major efforts of numerous laboratories for
more than a decade failed to identify a CCL18 receptor.
At this point, excluding CCL18 receptor candidates
becomes important for narrowing the spectrum of
potential cell surface molecules that may band CCL18
and mediate its effects, and thus for avoiding duplicating
the efforts of various investigators.
It has been recently suggested [10] that CC chemokine

receptor 6 (CCR6) may be a functional receptor for
CCL18. CCR6 is known as the receptor for a different

chemokine, CCL20 (also termed LARC or MIP-3a), and
human CCL20 is biologically active in mice in vivo and
on mouse cells in culture [11,12]. Therefore, we
hypothesized that if CCR6 is a receptor for CCL18, the
effects of human CCL18 in mice [3-5,9] may be
mediated by mouse CCR6.

Findings
To address this hypothesis, two types of experiments
have been performed. In the first series of experiments,
wild-type C57Bl/6 mice (The Jackson Laboratory, Bar
Harbor, ME, USA) received intratracheal instillations of
a replication-deficient recombinant adenoviral construct
encoding human CCL18 (AdV-CCL18), exactly as
described previously [3-5]. Control mice received similar
amounts of AdV-NULL, which does not encode a cyto-
kine. Three animals per group were analyzed in two
independent experiments, with similar results. Fourteen
days after instillations, bronchoalveolar lavage (BAL)
was analyzed by flow cytometry, revealing a significant
accumulation of lymphocytes (22.1 ± 3.5% of total BAL
cells), in contrast to the number of lymphocytes found
in the BAL of AdV-NULL-treated mice (2.7 ± 0.8% of
total BAL cells). BAL cells were stained and analyzed
with flow cytometry for CD3 and CCR6. Only a small
fraction of T-lymphocytes stained positive for CCR6,
whereas nearly a quarter of the splenocytes obtained
from these mice were CCR6-positive (Figure 1A). These
observations suggested that human CCL18 attracts
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mostly CCR6-negative T-lymphocytes to mouse lungs,
and that mouse CCR6 is not necessary for the functional
response to human CCL18 in mice.
To further address this issue, we utilized homozygous

CCR6-deficient (CCR6-/-) mice (The Jackson Labora-
tory). The CCR6-deficient status of these animals was
confirmed by flow cytometry (Figure 1A). Three
CCR6-/- and three wild-type mice were instilled with
AdV-CCL18 on two different occasions, and a histologic
analysis of the lung tissues was performed. In all cases,
gene delivery of human CCL18 caused lymphocytic infil-
tration of mouse lungs, as previously described [3-5],
although the infiltrates appeared smaller in the CCR6-/-
mice than in wild-type mice (Figure 1B). The smaller
size of the infiltrates in the CCR6-/- mice may be
explained by changes in the overall regulation of lym-
phocyte homeostasis in these animals [13]. Thus, lym-
phocytic infiltration of the lungs occurred in response to
CCL18 in CCR6-deficient animals.
Based on these combined observations, it was con-

cluded that mouse CCR6 is not necessary for CCL18-
induced changes in mice in vivo, and that CCR6 is not
the main functional receptor for CCL18 in this model.
These findings do not exclude the possibility that mice
and humans utilize different receptors for CCL18,
although this is unlikely considering the remarkable simi-
larity of CCL18 effects on human and mouse lympho-
cytes [3-5,9]. Further research is necessary to identify
CCL18 receptor(s), as the CCL18-dependent pathway is
centrally involved in a variety of maladies, particularly T-
lymphocyte-mediated fibrotic pulmonary diseases [1].

Abbreviations
AdV: adenovirus; BAL: bronchoalveolar lavage; CCL18: CC chemokine ligand
18; CCR: CC chemokine receptor; CCR-/-: homozygous CCR6-deficient.

Acknowledgements
The authors thank Mrs Virginia Lockatell for her expert technical help. This
work was supported by VA Merit Awards to IGL and to SPA, and by NIH-
NHLBI 1R21HL106196 to SPA.

Author details
1Department of Medicine, University of Maryland School of Medicine,
Baltimore, MD 21201, USA. 2Baltimore VA Medical Center, Baltimore, MD
21201, USA.

Authors’ contributions
IGL participated in the experimental design, performed the experiments and
participated in data interpretation. SPA conceived the study; participated in
its design, coordination and data interpretation; performed statistical
analyses; and wrote the manuscript. Both authors read and approved the
final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 10 January 2012 Accepted: 18 January 2012
Published: 18 January 2012

References
1. Luzina IG, Todd NW, Iacono AT, Atamas SP: Roles of T lymphocytes in

pulmonary fibrosis. J Leukoc Biol 2008, 83:237-244.
2. Luzina IG, Atamas SP, Wise R, Wigley FM, Xiao HQ, White B: Gene

expression in bronchoalveolar lavage cells from scleroderma patients.
Am J Respir Cell Mol Biol 2002, 26:549-557.

3. Luzina IG, Papadimitriou JC, Anderson R, Pochetuhen K, Atamas SP:
Induction of prolonged infiltration of T lymphocytes and transient T
lymphocyte-dependent collagen deposition in mouse lungs following
adenoviral gene transfer of CCL18. Arthritis Rheum 2006, 54:2643-2455.

4. Pochetuhen K, Luzina IG, Lockatell V, Choi J, Todd NW, Atamas SP:
Complex regulation of pulmonary inflammation and fibrosis by CCL18.
Am J Pathol 2007, 171:428-437.

5. Luzina IG, Todd NW, Nacu N, Lockatell V, Choi J, Hummers LK, Atamas SP:
Regulation of pulmonary inflammation and fibrosis through expression
of integrins alphaVbeta3 and alphaVbeta5 on pulmonary T lymphocytes.
Arthritis Rheum 2009, 60:1530-1539.

6. Hieshima K, Imai T, Baba M, Shoudai K, Ishizuka K, Nakagawa T, Tsuruta J,
Takeya M, Sakaki Y, Takatsuki K, Miura R, Opdenakker G, Van Damme J,
Yoshie O, Nomiyama H: A novel human CC chemokine PARC that is most
homologous to macrophage-inflammatory protein-1 alpha/LD78 alpha
and chemotactic for T lymphocytes, but not for monocytes. J Immunol
1997, 159:1140-1149.

7. Kodelja V, Müller C, Politz O, Hakij N, Orfanos CE, Goerdt S: Alternative
macrophage activation-associated CC-chemokine-1, a novel structural
homologue of macrophage inflammatory protein-1 alpha with a Th2-
associated expression pattern. J Immunol 1998, 160:1411-1418.

8. Tasaki Y, Fukuda S, Iio M, Miura R, Imai T, Sugano S, Yoshie O, Hughes AL,
Nomiyama H: Chemokine PARC gene (SCYA18) generated by fusion of
two MIP-1alpha/LD78alpha-like genes. Genomics 1999, 55:353-357.

9. Guan P, Burghes AH, Cunningham A, Lira P, Brissette WH, Neote K,
McColl SR: Genomic organization and biological characterization of the
novel human CC chemokine DC-CK-1/PARC/MIP-4/SCYA18. Genomics
1999, 56:296-302.

10. Zissel G, Höhne K, Kilic A, Maier C, Goldmann T, Prasse A, Plönes T,
Trepel M, Eibel H, Muller-Quernheim J: Identification of the CCL18
receptor - effects of CCL18 on human lung fibroblasts in pulmonary
fibrosis are mediated via CCR6. Am J Respir Crit Care Med 2011, 183:A5574.

11. Fushimi T, Kojima A, Moore MA, Crystal RG: Macrophage inflammatory
protein 3alpha transgene attracts dendritic cells to established murine
tumors and suppresses tumor growth. J Clin Investig 2000, 105:1383-1393.

12. Chavan R, Marfatia KA, An IC, Garber DA, Feinberg MB: Expression of
CCL20 and granulocyte-macrophage colony-stimulating factor, but not

Figure 1 Flow cytometric and histological analyses in CCR6-
deficient and wild-type mice. (A) Flow cytometry for CCR6 of
unseparated spleen cells from CCR6-deficient (top) or wild-type
(middle) mice, as well as bronchoalveolar lavage cells gated on CD3
from a mouse after in vivo CCL18 gene delivery (bottom). (B)
Hematoxylin and eosin staining (top) and immunohistological
staining for CD3 (bottom) of wild-type (left) or CCR6-deficient (right)
mice.

Luzina and Atamas Fibrogenesis & Tissue Repair 2012, 5:2
http://www.fibrogenesis.com/content/5/1/2

Page 2 of 3

http://www.ncbi.nlm.nih.gov/pubmed/17962367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17962367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11970906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11970906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16868995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16868995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16868995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17569779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19404954?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19404954?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9233607?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9233607?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9233607?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9570561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9570561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9570561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9570561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10049593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10049593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10087196?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10087196?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10811846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10811846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10811846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16840346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16840346?dopt=Abstract


Flt3-L, from modified vaccinia virus ankara enhances antiviral cellular
and humoral immune responses. J Virol 2006, 80:7676-7687.

13. Lügering A, Floer M, Westphal S, Maaser C, Spahn TW, Schmidt MA,
Domschke W, Williams IR, Kucharzik T: Absence of CCR6 inhibits CD4+
regulatory T-cell development and M-cell formation inside Peyer’s
patches. Am J Pathol 2005, 166:1647-1654.

doi:10.1186/1755-1536-5-2
Cite this article as: Luzina and Atamas: CCR6 is not necessary for
functional effects of human CCL18 in a mouse model. Fibrogenesis &
Tissue Repair 2012 5:2.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Luzina and Atamas Fibrogenesis & Tissue Repair 2012, 5:2
http://www.fibrogenesis.com/content/5/1/2

Page 3 of 3

http://www.ncbi.nlm.nih.gov/pubmed/16840346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16840346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920150?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920150?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15920150?dopt=Abstract

	Abstract
	Correspondence
	Findings
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


