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Cutting Edge: Selective Up-Regulation
of Chemokine Receptors CCR4 and
CCRS8 upon Activation of Polarized
Human Type 2 Th Cells

Daniele D’Ambrosic® Andrea lellem,*
Raffaella Bonecchi,Daniela Mazzeo,*
Silvano Sozzani, Alberto Mantovani’ and
Francesco Sinigaglia*

- - - - T cells can differentiate into Thl type 1 cytotoxic CDT cells
Polarized Thl and Th2 cells differentially express adhe5|on_ moI_— (Tc1)? cells or Tc2 type cytotoxic CD8 T cells (7).

ecules and chemokine receptors, endowing these cells with dis- A myjtistep process mediated by the interplay of adhesion molg
tinct tissue homing capabilities. Here we report that, in contrast  ocyles and chemokines that involves rolling, firm adhesion, an%
to other chemokine receptors, the expression of CCR4 and CCR8  (jjapedesis results in the extravasation of immune effector cell®
on Th2 cells is transiently increased following TCR and CD28  within peripheral tissues (8, 9). Recent findings indicate that P- ané&
engagement. IL-4 is not required for this activation-induced up-  E-selectin ligands (10) and chemokine receptors (11, 12) are difZ
regulation of CCR4 and CCR8. In accordance with receptor ex-  ferentially expressed on Thl and Th2 cells, providing these cell&
pression, the response of Th2 cells to I1-309 (CCRS8 ligand) and with distinct tissue-homing abilities (13). Chemokines are mem-
thymus- and activation-regulated chemokine (CCR4 and CCR8  bers of a large family of small cytokines that play a key role in theZ
ligand) is enhanced upon activation. Moreover, activated Thl leukocyte-recruitment process (14-16). We and others have ré&'
cells up-regulate CCR4 expression and functional responsiveness ported recently that among eight CC and four CXC chemokine3
to thymus- and activation-regulated chemokine. Analysis of po- receptors, Thl cells predominantly express CXCR3 and CCRZ3
larized subsets of CD& T cells reveals a similar pattern of che- (12, 17, 18); Th2 cells selectively express CCR3 (11), CCR4 (129
mokine receptor expression and modulation of responsiveness. 17), and CCR8 (19). Although these findings suggest that differerft:
Taken together, these findings suggest that an up-regulation of Cchemotactic signals are required for extravasation, migration, ang
CCR4 and CCR8 following Ag encounter may contribute to the tissue homing, the hierarchy and composition c_Jf these S|gna_ls a
proper positioning of activated T cells within sites of antigenic unknown and may depend upon the chemokines present in t

. ) . el
challenge and/or specialized areas of lymphoid tissuesThe tissue and the chemokine receptors expressed on the |nvad|r§
=]

. cells.
Journal of Immunology, 1998, 161: 5111-5115. Here, we investigated the effect of Ag receptor triggering on thex

expression pattern of chemokine receptors on Thl and Th2 cellg
T he differentiation process of CD4T cells proceeds along Our data indicate that, in contrast to other chemokine receptors, thg

[umoQ

two distinct pathways leading to the generation of polar- expression of CCR4 and CCR8 on Th2 cells and CCR4 on Thl

ized effector Th cells (1-3). IFN-producing Th1l cells cells is markedly increased upon activation. These findings suggest
promote phagocyte-dependent immunity (4, 5). Th2 cells secreting unique rolelz.for.these receptors in extravasation, tissue migration,
IL-4 and IL-5 promote IgE production and allergic responses (6).21d the positioning of effector T cells.

Similar to the generation of CD4Th1 and Th2 cells, naive CD8 )
Materials and Methods

Type 1 and type 2 lines and Th2 cell clones

Type 1 and type 2 cell lines were generated from cord blood lympho-
cytes and maintained in culture as described previously (20)."CDA
*Roche Milano Ricerche, Milan, Italy; andistituto di Ricerche Farmacologiche and Th2 cells and CDs8 Tcl and Tc2 cells were purified by immuno-
Mario Negri, Milan, Italy magnenc negative 'select|on using antl-CD4_ or antl_—CDS mAb-c_oa_ted
Received for publication August 6, 1998. Accepted for publication September 2, lggs'gfr%beereglidsscg Cé?argkljnagc;]() tg;ng;;a?ﬁ;e{_zl:B;trggtr'gr?;é'\ggéi?ﬁilg'e_
The costs of publication of this article were defrayed in part by the payment of pagesific Th2 clone D4.11, which was obtained as described previously (12),
charges. This article must therefore be hereby madddbrtisemenin accordance was restimulated with PHA and irradiated PBMCs and cultured in com-
with 18 U.S.C. Section 1734 solely to indicate this fact. plete medium with IL-2

1 This work was partially funded by Consiglio Nazionale delle Ricerche Biotecnolo-
gie Grant 95-95.

2 Address correspondence and reprint requests to Dr. Daniele D’Ambrosio, Roch& Abbreviations used in this paper: Tc, cytotoxic CD8 cell; GAPDH, glyceralde-
Milano Ricerche, Via Olgettina 58, Milan, Italy 1-20132. E-mail address: hyde-3-phosphate dehydrogenase; AM, acetoxymethyl ester; IP-10, IFN-inducible
daniele.dambrosio@roche.com protein-10; TARC, thymus and activation-regulated chemokine.
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Northern blot analysis A ™ The B Th2
For Northern blots, total RNA was extracted from polarized CDa¥ anti-CD3+CD28 -+ -+ anti-CD3+CD28 - + +
CD8" T cells by TRIzol (Life Technologies, Grand Island, NY). For ac- — 288 anti-ll-4 - -+
tivation experiments, purified CD4Th1 and Th2 cells were either left CXCR3 = E 18

untreated or incubated for 1624 h on anti-CD3 (Tr66 mAb)-coated plates CCR4 ===
with 1 ug/ml of anti-CD28 mAb (PharMingen, San Diego, CA). The Th2 — 288 ;

clone D4.11 was either left untreated or incubated for 24 h on anti-CD3- CCR3 L3 E

cqated plates wit_h Jg/ml of anti-CD28 mA_b. TCR triggerir_\g was ter- - G CCR8 e,
minated by washing and culturing the cells in complete medium with IL-2.

Untreated and TCR-stimulated cells were lysed at various times after the CCR4 — - E —28S

termination of TCR-triggering. Total RNA was extracted, and equal —18s GAPDH = wn

amounts of RNA (1Qug/lane) were fractionated on a 1% agarose-formal-

dehyde gel. The specific mMRNAs were detected by the hybridization of EGHE ¥ E —285

nylon membranes (NorthernMax Kit, Ambion, Austin, TX) withP-la- - —185

beled DNA probes for human CCR3, CCR4, CCR5, CCRS, and CXCR3g|GURE 1. Activation-dependent regulation of chemokine receptor ex-
according to the manufacturer’s instructions (NorthernMax Kit, Ambion). pression in Th1 and Th2 cell&, Th1 and Th2 cells were either left un-

The filters were exposed to X-OMAT AR film (Eastman Kodak, Rochester, n ) . -
NY) between double intensifying screens (DuPont, San Diego, CA) attre:gec(i:olrl cultureg on anndCDSdmAbIcI;)sfd plates with Zokjble ?m' CODZS
—70°C. The extent of the hybridization was quantified by densitometricMAP- Cells were harvested, and tota was extracted. A total gfg

analysis with the entry level image system (Immagini e computer, MiIan,Of total RNA was subsequently used in Northern blot analysis. Filters were
Italy), and the values were normalized using the glyceraldehyde-3-phogybridized with®?P-labeled probes for CXCR3, CCR3, CCR4, and CCR8.
phate dehydrogenase (GAPDH) signal as a reference. Equivalent loading of RNA was verified by ethidium bromide staining of
18S and 28S ribosomal RN, Th2 cells were either left untreated or
cultured on anti-CD3 mAb-coated plates with soluble anti-CD28 mAb in
Analysis of intracellular calcium mobilization the presence or absence of anti-IL-4 mAb (500 ng/ml). A total ofug®f

. . . otal RNA was subsequently used in Northern blot analysis. Filters wer
Type 1 and type 2 polarized T cells were either left untreated or actwateté1 q y y

- L 3
as described above. Next, cells were washed and rested by incubation |r¥b”d|26d with**P-labeled probes for CCR4, CCR8, and GAPDH.
complete medium with IL-2 for 12 h. Fluo-3/acetoxymethyl ester (AM)

loading (21) was performed by incubating the cells{(3.0°/ml) in buffer

A (HBSS with 10 mM HEPES) with 2+M fluo-3/AM (Molecular Probes,

Eugene, OR) at 37°C for 30 min. The incubation was prolonged by 30 min

after the addition of an equal volume of buffer B (HBSS with 10 mM Results and Discussion

HEPES and 5% FCS). Cells were washed twice in buffer B and stained

with quantum red-conjugated anti-CD4 or anti-CD8 Abs (Sigma, St. Louis, To study the regulation of chemokine receptor expression on T
MO). Cells were washed, resuspended ax 2L0°ml, and analyzed by  cells, we generated T cell lines from leukocytes isolated from cor

FACS. Emissions at 525 and 613 nm were measured on a log scale befo : :
and after stimulation with the chemokines (IFN-inducible protein-10 (IP- Blood as described pl’eVIOUS|¥ (20). The Th phgnotype _Of CD4
10), eotaxin, 1-309, and thymus- and activation-regulated chemokiné2nd CD8 T cells was determined by restimulation and intracel-

(TARC) were purchased from R&D Systems, Minneapolis, MN). Analysis lular staining for IFNy and IL-4 production (data not shown).

was restricted to CD4or CD8" T cells by gating on FL3 cells, with an  pyified CD4™ Th1 or Th2 cells were either left in culture with
acquisition of 3000 events.

:dny wouy papedlumoq
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IL-2 or cultured on anti-CD3 mAb-coated plates with soluble anti- Th2 clone
CD28 mAb. Subsequently, the cells were lysed, and total RNA . [ 1
was extracted and analyzed for CXCR3, CCR3, CCR4, and CCR8 am"%?f;;c,gza 0 o
MRNA expression. In agreement with recent reports (11, 12, 18,
19), CXCRS is preferentially expressed on Thl cells, whereas
CCR3, CCR4, and CCR8 are preferentially expressed on Th2 cells CCRs - -

(Fig. 1A). Stimulation with anti-CD3 and anti-CD28 Abs GAPDH e e Gm e b

down-regulates the mRNA expression of CXCR3 in Th1l cells and ) , )
CCR3 in Th2 cells (Fig. A). In contrast, CCR4 and, to a greater FIGURE‘3. ‘ Transient up-regulation of CCR4 and CCR8_expreSS|0n
extent, CCR8 transcripts are up-regulated in TCR-stimulated Th pon activation of a Th2 clone. The Th2 clone D4.11 was either left un-

. . . Treated or activated as described in Fig. 1. A fraction of the cells was lysed
cells (Fig. ). In addition, CCR4 mRNA becomes detectable in immediately (24 h). The remaining cells were washed, cultured, and har-

TCR-stimulated Th1 cells (Fig.A). vested at 48, 72, and 96 h; total RNA was extracted. A total ofd®f
Since CCR4 and CCR8 are expressed on Th2 cells that havgtal RNA was subsequently used for Northern blot analysis. Filters were
been generated in vitro in the presence of IL-4, it is possible thahybridized with3?P-labeled probes for CCR4, CCR8, and GAPDH.
the IL-4 produced upon restimulation of Th2 cells is responsible
for the increased expression of CCR4 and CCR8. Therefore, we
performed the stimulation in the presence of anti-IL-4 blocking with anti-CD3 and anti-CD28 Abs results in diminished responses
Abs. This experiment shows that blocking IL-4 does not inhibit theof Th1l cells to IP-10 (Fig. 2upper left panel) and of Th2 cells to
up-regulation of CCR4 and CCR8 upon activation of Th2 cellseotaxin (Fig. 2,upper right panel). In contrast, the response to
(Fig. 1B). Moreover, the addition of exogenous IL-4 or superna-TARC and, more markedly, to 1-309 is increased upon activatiorb
tants obtained from activated Th2 cells does not result in an upef Th2 cells (Fig. 2,middle and lower right panels), and the re- g
regulation of CCR4 and/or CCR8 in Thl cells or a further en-sponse to TARC becomes detectable in activated Th1l cells (Fig. %
hancement of these receptors in Th2 cells (data not shown).  lower left pane). 8
To test the functional relevance of these observations, we ex- Since the experiments described above were performed on p&
plored chemokine responsiveness by measuring intracellular calarized T cell lines obtained by a single cycle of stimulation, weé"
cium mobilization following activation of Th1l and Th2 cells. Con- asked whether a T cell clone that had been subjected to repeat(gd
sistent with receptor expression, Th1 cells preferentially respond teycles of stimulation would exhibit a similar pattern of CCR4 and.Z
IP-10 (CXCR3 ligand (22)), whereas Th2 cells selectively respondCCR8 regulation. TCR and CD28 triggering of a Th2 clone results=
to eotaxin (CCRS3 ligand (23)), 1-309 (CCRS8 ligand (24)), and in a marked up-regulation of CCR4 and CCR8 (Fig. 3). In addition,
TARC (CCR4 and CCRS8 ligand (25, 26)) (Fig. 2). Stimulation following termination of TCR triggering, the expression of CCR4 =,

CCR4 «w@i s o v

8000
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FIGURE 4. Chemokine receptor expression and 2000
modulation of chemokine responsiveness in Tcl and 1000
Tc2 cells.A, A total of 10ug of total RNA from Tcl
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ters were hybridized with®?P-labeled probes for
CXCR3, CCR3, CCR4, CCRS5, and CCR8. A normal-
ized densitometric analysis of a representative exper-
iment is shownB, Tcl and Tc2 cells were either left
untreated or activated, loaded with fluo-3/AM, stained 50 T 20 -
with quantum red-conjugated anti-CD8 Abs, and ana-
lyzed by flow cytometry by gating on CD8cells.
Resting (dashed lines) and activated (solid lines) Tcl
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and CCRS returns to basal levels within 72 h (Fig. 3). Similarmay be a very useful and selective marker for the in situ identifi-
findings were observed with cord blood-derived Th2 cells (data notation of recently activated Th2 cells.

shown). These data indicate that Th2 cells transiently up-regulate

CCR4 and CCR8 upon activation via the TCR. Collectively, our Acknowledgments

findings suggest that TCR-mediated activation of Th cells re-
sults in a transient alteration of the pattern of chemokine re-
ceptor expression.

Previous studies have demonstrated that, in addition to'CD4

We thank M. Napolitano for the CCR8 probe, P. Panina-Bordignon for T
cell clones and discussions, and P. Vigano for cord blood samples. We also
thank H. Hess and L. Adorini for their critical reading of the manuscript.

cells, type 1 and type 2 populations of CD8 cells (Tcl and Tc2 References

cells) can also be generated in vitro and isolated in vivo in immu-
nopathologic conditions (7, 27, 28). Thus, we have extended ourl.
analysis of chemokine receptors to polarized Tcl and Tc2 cells
generated from cord blood T cells. An analysis of the mRNA ex- 2.
pression of several chemokine receptors revealed that, similar to
CD4" Thcells, Tcl cells preferentially express CXCR3 and CCR5 3
(Fig. 4A); Tc2 cells selectively express CCR3, CCR4, and CCR84.
(Fig. 4A). To verify the modulation of chemokine responsiveness
upon activation of polarized CD8T cells, TCR- and CD28-stim-
ulated Tcl and Tc2 cells were assayed for their ability to mobilize 6.
calcium in response to various chemokines. The overall pattern of7
calcium mobilization in response to chemokines is concordant
with the expression profile of chemokine receptors in Tcl and Tc2
cells and is similar to Thl and Th2 cells (FigB4nd data not ¢
shown). The response of Tcl cells to IP-10 is greatly reduced
following TCR-mediated activation (Fig. 4B). Activation of Tc2 10-
cells results in a diminished response to eotaxin, whereas the re-
sponse to TARC and 1-309 is increased (FiB)4Taken together,
these data indicate that the pattern and regulation of chemoking"
receptor expression of polarized subsets of CDBcells may 12,
overlap that of CD4 T cells.

Recent studies have reported that TCR-mediated activation of T
cells results in a down-modulation of CCR1, CCR2, CCR3, CCR5,13.
and CXCR3 expression (11, 18, 29, 30). Our study reveals that, in4
contrast to other receptors, CCR4 and, to a greater extent, CCRJB
are up-regulated upon TCR-mediated activation of Th2 cellsl1s.
CXCR4 and CCR7 have been reported to be up-regulated upo.
activation of T cells (31, 32). However, recent work established
that TCR triggering results in a down-modulation of CXCR4 that 17-
is subsequently reinduced by the autocrine action of secreted IL-4
(33). Thus, CCRY7 is the only other receptor to be up-regulateds.
upon TCR triggering (31). Interestingly, the CCR7 ligands, sec-
ondary lymphoid-tissue chemokine, and EBI1 ligand chemokine
have been proposed to control the initial entry of naive T cells and
the subsequent encounter of activated T and B cells in secondal
lymphoid tissues (34, 35). Notably, CCR7 is also up-regulated
upon activation of both Thl and Th2 cells, suggesting a potential
contribution to their migration patterns (A.l. and D.D., unpub-
lished observations). Given their mode of regulation, CCR4 and
CCR8 may play a role similar to CCR7 in focusing activated T 22-
cells to certain areas of lymphoid tissues. However, in contrast to
CCR7, CCR4 and particularly CCR8 are selectively expressed on
polarized effector Th2 cells, suggesting a unique function in lo-2*
calizing and positioning activated Th2 cells. It is noteworthy that
CCR4 and CCRS8 share many common features. Their sequence is
highly homologous (36, 37); they are both highly expressed on
thymocytes, basophils, and Th2 cells (12, 19, 24, 36); and both are
receptors for TARC (26). Collectively, these data suggest thal
CCR4 and CCR8 may play a critical role in localizing activated
Th2 cells within sites of antigenic challenge and/or to specialized
areas of lymphoid tissues.

Great attention has recently been placed on the possibility of
distinguishing Th1l vs Th2 cells on the basis of the differential
expression of chemokine receptors. Our findings suggest that”
CCRS8, which is highly expressed upon TCR-mediated activation,
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