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Cutting Edge:

Expressed by

A Novel Chemokine

Ligand for CCR10 And CCR3

Epithelial Cells in

Mucosal Tissues?

Junliang Pari*8 Eric J. Kunkel?*$ Uwe Gosslar,?
Nicole Lazarus,® Patricia LangdorY, Kim Broadwell
Mark A. Vierra,” Mark C. Genovesé,

Eugene C. Butche® and Dulce Solér

Mucosae-associated epithelial chemokine (MEC) is a novel
chemokine whose mRNA is most abundant in salivary gland,
with strong expression in other mucosal sites, including colon,
trachea, and mammary gland. MEC is constitutively expressed
by epithelial cells; MEC mRNA is detected in cultured bron-
chial and mammary gland epithelial cell lines and in epithelia
isolated from salivary gland and colon using laser capture mi-
crodissection, but not in the endothelial, hemolymphoid, or fi-
broblastic cell lines tested. Although MEC is poorly expressed
in skin, its closest homologue is the keratinocyte-expressed cu-
taneous T cell-attracting chemokine (CTACK; CCL27), and
MEC supports chemotaxis of transfected lymphoid cells ex-
pressing CCR10, a known CTACK receptor. In contrast to
CTACK, however, MEC also supports migration through
CCRS3. Consistent with this, MEC attracts eosinophils in ad-
dition to memory lymphocyte subsets. These results suggest an
important role for MEC in the physiology of extracutaneous
epithelial tissues, including diverse mucosal organs.The
Journal of Immunology, 2000, 165: 2943-2949.

hemokines are a family of leukocyte chemoattractantscluding the respiratory and oral mucosa and colon.

that regulate both inflammatory T cell recruitment and
homeostatic trafficking of lymphocytes and dendritic

CCR7 ligands, secondary lymphoid-tissue chemokine (8LC;
CCL21) and EBI1-ligand chemokine (ELC; CCL19), in lympho-

cyte and dendritic cell trafficking to secondary lymphoid tissues,
including lymph nodes (1, 2), and have implicated CCR4 and its
ligand, thymus and activation-regulated chemokine (TARC;
CCL17) in lymphocyte-endothelial cell interactions and lympho-
cyte recruitment into nonintestinal tissues, particularly the skin (3). =
Of special interest in the context of the regional specialization of ©
immune responses is the recent description of constitutive and se-§

WIoJJ papeo|umoq

/

lective expression of the CCR9 ligand, thymus-expressed chemo-
kine (TECK; CCL25) by epithelial cells of the small intestine
(4, 5) and of the CCR10 ligand CTACK by skin keratinocytes (6).
Here we describe mucosae-associated epithelial chemokine
(MEC), a novel chemokine ligand for CCR10. MEC is most ho-
mologous to CTACK, displaying about 40% identity, and is ex-
pressed not in the skin, but, instead, in diverse mucosal tissues.Z
MEC attracts subsets of memory lymphocytes as well as eosino-@
phils. Analysis of cultured cell lines and laser capture microdis- &
sected epithelia reveals constitutive MEC expression by epithelial, S

/BJ0" jounwiwi

but not endothelial, fibroblastic or lymphoid cells. Our findings =<
suggest that MEC may play an important role in the physiology %

and/or recruitment of specialized cells into mucosal tissues, in-
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Materials and Methods

cells. For example, recent studies have defined a critical role foCloning and sequencing of MEC

TBLASTN searches of the GenBank dbEST database with the sequences
of known CC chemokines identified the expressed sequence tag for human
MEC. IMAGE consortium clone 136910 was obtained from American

*Laboratory of Immunology and Vascular Biology, Departments of Pathology and Type Culture Collection (Manassas, VA) as BooRI-Notl insert in the

TSurgery, and*Division of Immunology and Rheumatology, Stanford University
School of Medicine, Stanford, CA 9430&Center for Molecular Biology and Med

icine, Veterans Affairs Palo Alto Health Care System, Palo Alto, CA 94304; and

TMillenium Pharmaceuticals, Cambridge, MA 02142
Received for publication May 26, 2000. Accepted for publication July 14, 2000.

pT7T3D-Pac vector. The nucleotide sequence was confirmed by automated
sequencing. Protein similarity and dendrogram analysis were performed
using ClustalW. BLASTN searches of the high throughput genome data-
base using the MEC cDNA sequence revealed two BAC clones from hu-
man chromosome 5, CTD-2282F8 and CTD-2202K16, that encode the

The costs of publication of this article were defrayed in part by the payment of pagd’dman MEC gene.

charges. This article must therefore be hereby maddkrtisemenin accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

1J.P., E.J.K,, and U.G. are recipients of Arthritis Foundation Postdoctoral Fellow
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Synthesis of MEC Results and Discussion

MEC is a novel chemokine ligand for CCR10 and CCR3

The signal sequence of MEC was predicted by the SignalP server (http:// .
www.cbs.dtu.dk/signal/cbssignalp.html). The predicted 105-aa mature prof BLAST search of the GenBank human EST database with the

tein (aa 23-127 of the coding sequence) was synthesized by F-moc chergoding region of CTACK revealed an EST encoding a novel che-
istry (automated 433 peptide synthesizer, PE Biosystems, Foster City, CAlnokine, here termed MEC. The MEC-coding sequence displays 49
A biotin moiety (aminocaproic acid-biotin) was added to lysine 124. The 5,4 4504 nycleotide identity with CTACK and TECK, respectively
purity (>95%) and molecular integrity of the purified folded chemokine _. inal lik h ’
were determined by analytical, Creverse phase HPLC as well as by mass (Fig. 1A). Interestingly, unlike CTACK on chromosome 9 and
spectrometry. Synthesized MEC had an experimentally determined m.w. of ECK on chromosome 19, MEC is encoded on human chromo-
12408.7 (vs a theoretical weight of 12409.5). CTACK, TECK, and othersome 5 by at least four exons separated by large introns (Bjg. 1
chemokines were synthesized, and stromal cell-derived factor ‘(SmF)-l At the protein level, MEC displays-40% amino acid identity in
TARC, and eotaxin were purchased from PeproTech (Rocky Hill, NJ). the common homology region with CTACK and is also closely
related to TECK, but MEC has a longer C terminus than CTACK
and contains six cysteines (FigCL
A | of 15 k hemoki . 412 orohan G orotei | Synthetic MEC was screened in Transwell chemotaxis assays
panel o nown chemokine receptor an orphan G protein-couple L : . .
receptor stable transfectants were generated in the murine pre-B Iymphorﬁgrdacnvr:ty Or; L1/2k.lymph0|d cell lines ]Eransfected with .known
cell line L1/2 as previously described (7, 8). The CCR10 (GPR-2) full- @&nd orphan chemoxine recepto"s'- Trans ectants expressing .CCR]-O
length sequence was provided by Dr. Craig Gerard (9). L1/2 cells werd GPR-2) and CCR3 migrated efficiently to MEC with an optimal
stimulated overnight with 10 mM butyric acid before performing chemo- concentration of about 300 nM (Fig. 2A), whereas transfectants
taxis assays. Peripheral blood mononuclear leukocytes and eos'nOph'gXpressing other chemokine receptors (CCR1-2, CCR4-9, and
were isolated from whole blood as described previously (8, 10). CXCR3-5) failed to respond even though they ;:hemotaxe,d to
Ch taxis of L1/2 t fectant d blood | hoovt known chemokine ligands for their receptors. L1/2 cells transfected with
emotaxis o ranstectants and blood lymphocytes 12 orphan G protein-coupled receptors (RDC-1, APJ, FEG-1/LyGPR,
Chemotaxis assays were performed using 24-well Transwell plates (Cor STRL33/BONZO, GPR-15/BOB, FLPR-2, TDAGS, CRTH?2, ChemR23,
ing Costar, Cambridge, MA; @m pores for L1/2 cells and eosinophils and "GPR1, GusB, and A'_:015524/CRAM) also failed to re;pond to MEC.
5-um pores for lymphocytes) as previously described (8, 10). L1/2 cells CTACK has previously been shown to attract circulating skin-
were incubated from 5 h to overnight, and lymphocytes and eosinophilqioming memory CD4 T cells identified by expression of the CLA
were incubated for 1.5 h. Migrated cells were quantitated by flow cytom-(g). To determine whether MEC might also be able to recruit mem-

etry, where FACS cell number corresponds to events acquired in a fixe .
time of 30 s. Migrated cells were stained with CD4-APC or CD8-APC, ry T cells, human blood T cells were migrated to MEC, CTACK,

CD45RA-Cy, cutaneous lymphocyte Ag (CLA)-FITC, ang8,-PEtoan  and SDF-I (CXCL12), and the phenotype of the starting popu-
alyze T cells, IgD-FITC, CD19-PE, and CD45RA-Cy for B cell analysis or lation and that of the chemokine-recruited cells were analyzed by
CD49d-PE and CD16-FITC for eosinphil analysis (all conjugated Abs pur-flow cytometry. As shown in Fig. B, the patterns of T cell mi-
chased from PharMingen, San Diego, CA). Four-color flow cytometry wasg ation to MEC and CTACK were indistinguishable. Although

performed on a FACSCalibur (Becton Dickinson, San Jose, CA) usin L . . .
CellQuest software, version 3.1 (Becton Dickinson). For gradient disrup]IEC @nd CTACK exhibited similar optimal chemotactic doses

tion experiments, chemotaxis was conducted identically, except that $~300 nM), MEC was more efficacious at this dose (FighZnd
times the optimal chemotactic dose of chemokine was added to the cells iB). MEC was not detectably chemotactic for naive (fgDor
the top well, and for Ab blockade experiments, &@ml of blocking mAb memory (IgD") blood B cells (data not shown). Migration of T
g:]odri'ﬁgSr%t}_’l_'l%ﬁ’:ceﬁlr?ﬁf:g)ovrv;gn;[ﬂgmg g'ﬁ:% ppevc\:lglrll.trol or eosinophil- o to MEC was inhibited by a competing gradient of CTACK
(and vice versa), but not by a gradient of TARC (a ligand for
CCR4), consistent with use of a common receptor for MEC and
CTACK on circulating memory CD4 lymphocytes (data not
Eight-micron sections from normal human salivary gland and colon ob-Shown)'. L -
tai%ed from patients undergoing elective surgeryyagt] Stanford Univef’sity Consistent with its ability to attract CCR3 transfectants, MEC
Medical Center, Stanford, CA) embedded in OCT (Miles, Elkhart, IN) also attracts blood eosinophils (Fig. 2C). The optimal chemotactic
were cut and immediately fixed in 70% ethanol/diethylpyrocarbonateconcentration of MEC for both CCR3 transfectants (Fig) and

(DEPC)-treated water for 30 s. Sections were counterstained with tOIUdi”%osinophils (Fig. 2C) was in the range of 300—400 nM. Eotaxin-3
blue (Sigma, St. Louis, MO)/DEPC-treated water for 30 s, dehydrated in o e CCL26)' another CCR3 ligand, is also maximally active at
increasing concentrations of ethanol/DEPC-treated water, and cleared MD ! ! 9 ! y

xylene. Laser capture microdissection was performed on a PixCell Il (Arc-this concentration, as are several chemokines active on lympho-
turus Engineering, Mountain View, CA). Epithelial and nonepithelial cells cytes, including SLC and ELC for CCR7 (10) and TECK for
were captured from each tissue, lysed in guanidinium buffer, and placed ogCR9 (12). Moreover, MEC completely inhibits®fl]eotaxin

ice for later RT-PCR and Southern analysis. Total RNA was isolated an CL11) binding to eosinophils with an Ig of about 2-3 nM,

subjected to a semiquantitative RT-PCR analysis as previously describe! R,
(11)1. The PCR prim?ers for human MEC werey5’-CC£TCGTGéCCTTG whereas CTACK does not compete for eotaxin binding even at 500

Blood cells and cell lines

Laser capture microdissection
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GCTGTCTGTG-3'and 5'-GCCGTATGTTTCGTGTTTCCCCTG-3'. nM (data not shown). Migration of eosinophils to MEC could be
completely inhibited by a blocking mAb to CCR3 (FigC® but
Northern analysis for MEC mRNA was unaffected by control mAbs, indicating that MEC activates

eosinophils through CCR3 and not CCR10. This activity distin-
Human epithelial cells derived from bronchus-associated epithelium oguishes MEC from CTACK, as CTACK fails to attract either
mammary gland epithelium were obtained from Clonetics (Walkersville,eosinophils or CCR3 transfectants (Ref. 6 and D. Soler, unpub-
MD) and cultured in a complete medium according to the manufacturer'sighed observations).
instructions. EA.hy926, a hybrid HUVEC line, was a gift from Dr. Edgell
(University of North Carolina, Chapel Hill, NC). Poly(A) RNA from
these cell lines was isolated using a Fasttrack Kit (Invitrogen, CarlsbadMucosal epithelial cell expression of MEC
CA). Poly(A)" RNA from various human tissues was purchased from
Clontech (Palo Alto, CA) or Clemente Associates (Madison, WI). RNA
was separated on a 1.5% formaldehyde-agarose gel and quantitated B3Pt blot and Northern blot analyses revealed that MEC message
Northern blot analysis according to a standard protocol. is most abundant in salivary gland, but is also expressed in other
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acttcccattgectcecagetgttgecacggaggtttcacatcatatttccagaaggetect
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H H G K R N S N R A HQ G K HE T Y G H
taaaactccttattagagagtctacagataaatctacagagacaattectcaagtggact
K T pPp Y *
tggccatgattggttgtcecctgecatactgatgaaactactgatgtcagetggtctgaagga
ccctaccagaagctaaatcatcaaagaatgcaatttccatatectaatgattcaatctece
cttaccctgaccaatcagtggeccaaattttecagececttgecteccagaaceeccagec
cagaactcttcagagatttaagaatctcecctectacctectgactcagecaccatgtaatea
ttaaactctctgctgcaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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— H T /] 1 Chromosome 5
CTD2282F8
i I m v
Exon Sequence at intron-exon junction Intron
Location Length 1 : it 1 anli : Length
in GDNA in bp 3' splice site §' splice site n bp
i 1-116 116 TGATCGAA--CTCAGAAGgtgagtgg.. > 22,000
N 117-243 127 . .tottttagCCATACTT--GCTGTCATgtgagtgc. . 6296
Il 244-495 252 . .tctaacagCCTTCATG--GATTGGTTgtaagttt. . 4857
IV 496-739 244 +.tetttcagGTCCTGCA~~-GCTGCAAA
hMEC -ILPIASSEC|PEVSHH- ISRRLLERVNMCR IQRADGDEPLAAVILHVKRR - -RIEVSPHN
hCTACK FLLPPSTALCIPQLYRKPLSDKLLRKVIQVELQEADGE LQAFVLHLAQR~~-SICIHPON
mCTACK LPLPSSTSECIPQLYRQPLPSRLLRRIVHMELQEADGDCHLQAVVLHLARR - - SVEVHPON
hTECK --QGVFEDLCCLAYHYP- IGWAVLRRAWTYRIQEVSGSCNLPAATFYLPKRHRKVEGNPKS
mTECK - -QGAFEDECLGYQHR - IKWNVLRHARNYHQQEVSGS ;J\ILRAVRFYFRQK— -VVEENPED
hMEC HTVKQWMKVQAAKKNG- - -KGNVCHRKKHHGKRNSNRAHQGKHETYGHKTPY:
hCTACK PSLSOWFEHQERKLHGTLPKLNFGMLRKMG-———~==-=—=——mm e~
mCTACK RSLARWLERQGKRLQGTVPSLNLVLQKKMYSNPQQQON
hTECK REVQRAMKLLDARNKV-FAKLHHNMQTFQAGPHAVKKLS SGNSKLSSSKFSNPISSSKRN
mTECK MNVKRAIRILTARKRLVHWKSASDSQTERKKSNHMKSKVENPNSTSVRSATLGHPRMUMM
hMEC =~ ------—----
hCTACK ~  ----=------
mCTACK ~  —--—---——--
hTECK VSLLISANSGL
mTECK PRKTNN-----
hMEC Homo sapiens 100%
___: hCTACK Homo sapiens 39%
mCTACK Mus musculus 41%
zebrafish chemokine Danio rerio 37%
hTECK Homo sapiens 29%
I mTECK Mus musculus 28%
hMIP-3a Homo sapiens 22%

FIGURE 1.
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MEC, a novel chemokine homologous to CTACK and TE@K.The nucleotide sequence of human MEC reveals a largatBanslated

region (the signal peptide is underlineB8). MEC is encoded on chromosome 5 by at least four exons separated by large @tmHsC protein is highly
homologous to both CTACK and TECK (the percent identity to human MEC is shown).

tissues associated with mucosal epithelial surfaces, includingcompare expression of CTACK and MEC in FigB)3 and

trachea, mammary gland, colon and rectum (FigA3nd B).

appeared relatively less abundant in small intestine than in the

Interestingly, MEC message was poorly expressed in skircolon or rectum (compare TECK and MEC expression in Fig.
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FIGURE 2. MEC is a ligand for CCR10 and CCR3 and is chemotactic for circulating Cldemory CD4 T cells and eosinophils, MEC is
chemotactic for L1/2 cells expressing CCR10 and CAR3Similar to CTACK, MEC is chemotactic for memory CD4 T lymphocytes expressing CLA.

C, Consistent with MEC binding to CCR3, MEC is chemotactic for human blood eosinophils, and its activity can be specifically blocked by an anti-CCR3
mADb, but not a binding control mAb.

3B). However, the dot blot results suggest that there may berostate as well (Fig. 3AIn the Northern blots, we found that
variable low expression of MEC in different segments of theour MEC cDNA probe detected five MEC transcripts of differ-
small intestine and in the stomach, pancreas, thyroid gland, anent sizes (0.8, 1, 3, 3.5, and 6 kb), with the 3-kb transcript being
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FIGURE 3. MEC is preferentially expressed by epithelial cells in diverse tissdieBot blot analysis of a variety of human tissues shows high MEC
message in diverse mucosal organs, such as salivary gland, mammary gland, trachea, colon, and rectum, with lower message levels in various segme
of the small intestineB, Northern analysis of MRNA from various human tissues confirms the high MEC message in salivary gland, colon, mammary gland,
and trachea, in contrast to CTACK, which is only highly expressed in skin, and TECK, which is largely restricted to the small iGtdti@ is expressed

in bronchial and mammary gland epithelial cells, but not myeloid (HL-60), fibroblastic (293), or endothelial (EA.hy926) ceD|ifdEC mRNA is

enriched in laser capture microdissected epithelial cells and colon follicles, compared with that in lamina propria or connective tissue.
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the most abundant (data not shown). The abundance of the oth&ubsets of CCR10 gut-associated lymphocytes, for example,
transcripts is correlated with that of the 3-kb transcript, andmight expressa,B, but lack CLA, and thus would have the
there were no obvious tissue-specific transcripts in any tissuegpportunity to respond to gut-associated MEC (but not to skin
examined. These transcripts may represent splice variants dderatinocyte-expressed CTACK). In the context of the multistep
MEC and/or variations in polyadenylation sites. process required for lymphocyte-endothelial recognition, dia-
Because CTACK and TECK are constitutively expressed bypedesis, and recruitment from the blood (22), MEC and
keratinocytes and small intestinal epithelial cells, respectively CTACK could thus play parallel roles in facilitating lympho-
we asked whether MEC might also be expressed by epitheliatyte diapedesis into mucosal tissues and skin, but in each site
cells. As illustrated in Fig. 8, MEC mRNA was expressed in would be acting on different lymphocyte subsets, whose avail-
bronchus-associated epithelial cells and mammary gland epiability would be determined by prior vascular interaction (i.e.,
thelial cells, but not in HL-60 promyeloid cells, HUVEC, or capture, rolling, activation, and firm adhesion).
human fibroblastic cells. To confirm epithelial cell expression Another group has independently identified CCL28, reporting
of MEC in vivo, we used laser capture microdissection (13) toits expression by epithelial cells and activity on CCR10 (but not
capture epithelial and nonepithelial cells from human colon andCCR3) (23).
salivary gland and assessed these cells for the presence of MECIn conclusion, its unique pattern of mucosal epithelial expres-

mRNA by low cycle RT-PCR followed by Southern blot anal- sion and of chemokine receptor usage suggests that MEC may play

ysis. As illustrated in Fig. B, captured epithelial cells from the important roles in the physiology and pathophysiology of diverse
colon and salivary gland expressed much higher MEC mRNAmucosal tissues.
than adjacent soft tissue, although MEC mRNA was also ex-
pressed in gut Peyer’s patches.
We conclude that MEC is a novel epithelial cell-expressed che-
mokine ligand for CCR10 and CCR3 with a unique pattern of ACknowledgments
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