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Macrophage inflammatory proteirelises a novel receptor for primitive
hemopoietic cell inhibition
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Macrophage inflammatory protein-1
(MIP-1e) is a member of the chemokine
family of proinflammatory mediators. In
addition to its inflammatory roles, MIP-1
has been shown to be active as an inhibi-
tor of primitive hemopoietic cell prolifera-
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ceptor involved in cellular inhibition by
MIP-1a. This study demonstrates that of
all the B-chemokines tested, only MIP-1 «
is capable of inhibiting primitive hemopoi-

etic cell proliferation. Because no MIP-1  a—
specific receptors have been identified,

potencies of MIP-1 aS and MIP-1aP vari-
ants of human MIP-1 « and the fact that
primitive cells from bone marrow derived
from individual MIP-1 « receptor null mice
display a full response to MIP-1 « inhibi-
tion. (Blood. 2001;98:3476-3478)

tion. Indeed, a dysfunction in this inhibi-

tory process has been postulated to
contribute to leukemogenesis. Research
has been aimed at characterizing the re-

this suggests that inhibition is mediated
by an uncharacterized receptor. Further
evidence for the involvement of a novel

receptor in this process is the equivalent © 2001 by The American Society of Hematology

Introduction

Chemokines are members of a large and expanding family iohibition by MIP-1a.%-1Whereas CCR1 null mice have been used
proinflammatory mediators that is defined by the presence twfdemonstrate the lack of involvement of this receptor in inhibition
variations on a conserved Cys mdtff.There are currently 4 of primitive hemopoietic cell$? there has been no systematic
chemokine subfamilies. The 2 most populous subfamilies haveetamination of the involvement of all the known Mlk&-teceptors

Cys in their mature sequences and are respectively referred tdrathe inhibitory effects of this chemokine. Here we show, using a
the CC orB-chemokine family and the CXC ow-chemokine range of chemokines, chemokine variants, and null mouse bone
family. The other 2 subfamilies are each represented by only singterrow, that cellular inhibition by MIP-dis not mediated through
members, with the C family being represented by lymphotactin amdy of the currently characterized receptors. We therefore believe
the CXXXC family by fractalkine/neurotactin. Chemokines havghat inhibition of murine stem/progenitor cells by MiReinvolves
typically been characterized as proinflammatory mediators; hown uncharacterized receptor.

ever, we and others have demonstrated that chemokines, most

notably macrophage inflammatory proteia{MIP-1«), are active
in inhibiting primitive hemopoietic cell proliferation in vitro and in
vivo.3> Chemokines interact with target cells via members of the
transmembrane family of G-protein—coupled receptorbere is Reagents
E?xe?ncs)iisri?;tf di:ZToerglccliaFt;;r?CfC(;rcﬁ(ralrenrglc()il::gere::ic;ggtzsel- WIEI" chemokines were purchased from either R&D Systems Europe (Oxford,

. ; United Kingdom) or PeproTech (London, United Kingdom), with the
mokines to CXCRs, and C or CX3C chemokines to XCR an&ception of murine MIP-412 and human MIP-a¢P* which were gener-

CX3CRs, respectively. To date, 11 CCR§, 6 CXCRs, single XCRed in house. AOP-RANTES was prepared as described previdusly.

and CX3CR receptors, and 2 more promiscuous receptors (D6 and

DARC) have been identified. MIPedbinds to CCR1, CCR3 (inthe 1,0 colony-forming unit direct addition assay

mouse), CCR5, and D6, but not to any of the other characterized

receptord:® Bone marrow cells were obtained by flushing from the femur and either

We have been attempting to characterize the receptor respt%fle-_d infllr;ediately or frozen (forpqll (_egperri]ments qn _recerlaltor null mice ang
sible for inhibition of primitive murine hemopoietic cells byt eir wild-type counterparts). Primitive hemopoietic cells were assaye

. . . . using the in vitro colony-forming unit-agar (CFU-A) assay. This assay has
MIP-1a. Identification of this receptor is of importance not only forbeen described in detail elsewh®r¥ and detects a cell that is phenotypi-

e_nhanCIng our understanding O_f the mechanlsms of cellular Inhll3'.3illy indistinguishable from day-12 spleen CFU cells. Brieflyx 80°

tion by MIP-1a, but also potentially for unraveling aspects of th@resh bone marrow cells, or % 10* defrosted bone marrow cells, were
pathogenesis of a number of leukemias, the primitive sterplated in 1 mL 0.3% agarose/25% donor horse serum (DHS) on top of a
progenitor cells that display a dysfunction in their response teeder layer consisting of 0.6% agar/25% DHS/0.2 ng/mL recombinant

§tudy design
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murine granulocyte macrophage colony-stimulating factor/6 ng/mL recorfeble 2. The effects of B-chemokines on CFU-A colony formation in vitro

binant human macrophage colony-stimulating factor, and 12 ng/mL ste@hemokine, Systematic Colony
cell factor. Inhibition was assessed by directly adding the chemokines to th®o ng/mL name growth (%)* Receptors used
assay plates and incorporating them in_to the fe(_ader _I'ﬁylesssays were yipg coLa 75.0 + 18.8 CCRL, CCRS, D6
s_cored after 11 days, and CFU-A colonies were identified as those with BANTES ceLs 1114 + 26.3 CCRL, CCR3, CCRS, D6
diameter greater than 2 mm. MCP1 ccL2 1126 + 18.8 CCRL, CCR2, D6
MCP2 ccLs 93.4+94 CCR1, CCR2, CCR5, D6
Hccl ccL14 934+ 94 CCR1
Results and discussion Hce2 ccLis 889208  CCRL CCR3
Hcca CCL16 102.2 = 18.2 CCR1
To examine receptor usage, we initially investigated a variety ofpiF1 ccL23 763 + 165 CCR1
B-chemokines, representing ligands for each of the currentlyotaxin ccL11 107.9 = 25.7 CCR3, D6
identified B-chemokine receptors, for their ability to inhibit the MDC cCL22 833+ 171 CCR4
primitive CFU-A cells. As shown in Table 1, murine MIRels MIP-3a cCL20 104.5 x 34.8 CCR6
fully active as an inhibitor of CFU-A cell proliferation, with S-¢ ceLat 109.2=11.0  CCR7,CCRI11
essentially complete inhibition seen at a concentration of 53%%° ceLL 106.5 = 43.1 CCR8
/mL. In contrast, as shown in Table 2, none of the other - cotzs 1013+ 128 COR9, CCRIL
ng ’ ' ESkine ccLa7 90.8 + 27.7 CCR10

chemokines tested (at 100 ng/mL) displayed any consistent -o¢

significant inhibition of CFU-A colony formation. Thus, these data *Results are expressed as the mean percentage (+ SD) of colonies generated in
support a role for MIP-& as an inhibitor of primitive hemopoietic Lﬁi{’gj;"gig;:;?::;’”e compared with control plates. Results are representative
cells but indicate that this activity is not shared with other

B-chemokines. The failure to demonstrate inhibition by chemo-

kines other than MIPd is at odds with a number of reports  The ultimate test of receptor involvement in a specific biologic
demonstrating inhibition of hemopoietic stem and progenitor celfginction is to examine cells from receptor null mice. To this end,
with a wider range of chemokiné&2°but is likely to be explained we examined the response of CCRICCR3 (Humbles et al,
by differences in the assays used in the different studies. Thus, fignuscript in preparation), CCR5and D6 (Cook et al, manu
CFU-A assay is ideally suited to the identification of the recept@cript in preparation) null bone marrow cells to inhibition by
involved specifically in primitive cell inhibition by MIPd.  MIP-1a. As shown in Table 3, all of the null bone marrow samples
Because there are currently no receptors identified that bind owfigplayed a full inhibitory response to MIRx1again indicating
MIP-1a, it appears that MIP-d inhibits CFU-A cell proliferation that none of the currently characterized MIR-teceptors is
through an as yet uncharacterized receptor. involved in CEU-A inhibition.

We have recently characterized 2 nonallelic variants of human |t remains possible that MIPelcan use a variety of chemokine
MIP-1a (MIP-1aS and MIP-1P), both of which bind with similar receptors to mediate inhibition of CFU-A cells. Thus, if MIR-1
affinities to CCR1, but only one of which (MIPeP) binds to can use CCR1, CCR3, CCRS5, or D6 for inhibition, the involvement
murine CCR5 or D8 These variants allow us to assess the roles, #ff an individual receptor would not be obvious in single-receptor
any, of CCRS5 and D6 in the inhibitory process. In CFU-A assaygull mice. To test this possibility, we examined the inhibitory
MIP-1aP and MIP-&S display indistinguishable potencies, withresponse of CFU-A cells from individual-receptor null mouse bone
half-maximal inhibition observed at approximately 30 ng/mlmarrow in the presence of the chemokine variant AOP-
(Table 1), further indicating that CCR5 and D6 are unlikely to bRANTES5:22 This protein binds with high affinity to murine
the inhibitory receptors. CCR1, CCR5 (Buser et al, manuscript in preparation), and D6
(G.J.G., unpublished data, December 1997), but is inactive as an
inhibitor of primitive hemopoietic cells at concentrations up to 500
ng/mL (data not shown). Thus, for the purposes of the present
study, AOP-RANTES may be regarded as a blocker of these 3
MUMIP-1a(CCL3) receptors. As shown in Table 3, excess AOP-RANTES had no

> 518 =320 CCR1L CCRS, CCRS.DS  effect on the ability of MIP-& to inhibit CFU-A cells from any of

Table 1. The effects of varying concentrations of murine and human MIP-1 a
on CFU-A colony formation in vitro

Chemokine, ng/mL Colony growth (%)* Receptors used

12.5 615+ 154 h Il b | . h . h
25 205+ 17.8 the receptor nu on.e. marrow samp gs, sugge.stlng that in the
50 0.0+00 absence of one specific receptor, MIR-5 not using the other
MIP-1aP known AOP-RANTES-sensitive receptors to mediate inhibition.
5 118.9 + 27.1 CCR1, CCR3, CCRS5, D6
10 86.8 + 13.5
30 51.3 + 16.3 Table 3. The effects of MIP-1 « and AOP-RANTES on percentage CFU-A colony
50 513+ 24.8 formation by wild-type and receptor null bone marrow
75 329+ 47 Receptor 100 ng/mL MIP-1a +
MIP-10S status 100 ng/mL MIP-1a AOP-RANTES, 500 ng/mL
5 71.0 +25.2 CCR1 Wild type 16.7 = 15.2 16.7 = 15.2
10 71.0+7.2 CCR17/~ 15.9 = 24.9 9.1+ 1438
30 355+ 3.6 CCR37/~ 37.0 = 18.2 19.6 = 20.9
50 35.5 £ 12.0 CCR5/ 23.3+9.1 244 =47
75 30.3 +10.0 D67/~ 188 = 17.1 21.9+210
*Results are expressed as the mean percentage (= SD) of colonies generated in Results are expressed as the mean percentage (= SD) of colonies generated in

the presence of chemokine compared with control plates. Results are representative the presence of chemokine compared with control plates. Each result is representa-
of at least 5 experiments. MIP indicates macrophage inflammatory protein; CFU-A, tive of at least 5 independent experiments using bone marrow from individual mice.
colony-forming unit-agar. MIP indicates macrophage inflammatory protein.
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Although these data do nagorously rule out the alternative use  Thus, the above data are consistent with the use of a novel
of CCR3, the full inhibitory response of the CCR3 cells, the receptor for inhibition of primitive hemopoietic cells by MIRx1
inability of eotaxin to work as an inhibitor, and the inability ofAlthough these studies have necessarily been performed using
excess eotaxin (20) to block MIP-lx inhibition (G.J.G., murine bone marrow, itis hoped that the results will have relevance
unpublished observations, February 2000) argue strongly agaitssMIP-1a inhibition of human primitive cells, a process we have

an involvement of this receptor in the inhibitory process.
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