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cDNA clones encoding a human [L-10R (hIL-10R) from a Burkitt lymphoma cell line, BJAB, express a 90 to 110
kDa polypeptide in COS7 cells that binds hIL-10 specifically. The predicted amino acid sequence of hiL-10R is
60% identical and 73% similar to mouse IL-TOR (miL-10R). rIL-10R expressed in an IL-3-dependent mouse pro-B
cell line (Ba/F3) binds hIL-10 with high affinity (200 to 250 pM), and the transfected cells exhibit a proliferative
response to hlL-10. Mouse IL-10 does not bind to hIL-10R, and hIL-10R-expressing Ba/F3 cells do not respond to
the mouse cytokine, observations consistent with the known species specificity of IL-10. Expression of hIL-10R
mRNA seems to be restricted mainly to human hemopoietic cells and cell lines. In a number of human T cell
clones, expression of hIL-TOR mRNA is down-regulated after activation of the cells with anti-CD3 Ab and phorbol
ester. The hIL-10R gene is on human chromosome 11. Like mIL-10R, hIL-10R is structurally related to IFNR.
Because IL-10 inhibits macrophage activation by IFN-y, this relationship suggests possible shared receptor or
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monocytes/macrophages, and keratinocytes (1-3).

Human and mouse IL-10 (hIL-10, mIL-10)? inhibit
cytokine synthesis by activated T cells (4-6), NK cells
(7), and monocytes/macrophages (8—11). In addition to
this inhibitory activity, IL-10 costimulates proliferation
and differentiation of human B cells (12), mouse thymo-
cytes, mouse T cells (13-15) and mast cells (16), up-reg-
ulates class I MHC expression on mouse B cells (17), and
sustains viability of mouse mast cell lines and mouse B
cells in vitro (17, 18). Unlike hIL-10, mIL-10 is species-
specific and is only active on mouse cells (1, 19). At least
two herpesviruses, EBV and equine herpesvirus type 2,
encode viral homologues of IL-10 (18, 20, 21). The pro-
tein encoded by the EBV homologue, BCRFI1, exhibits

I L-10is a cytokine produced by B cells, T helper cells,
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some but not all of the activities of IL-10 on both mouse
and human cells, and is now called viral IL-10 (vIL-10)
(1). VIL-10 and hIL-10 have been demonstrated to play
important roles in stimulation of growth and transforma-
tion of human B cells by EBV (22, 23).

The different activities of IL-10 are likely mediated by
IL-10Rs expressed at the cell surface. We have reported
recently the identification and cloning of mIL-10R (24).
Here we describe isolation and functional expression of
hIL-10R cDNA clones from a human Burkitt lymphoma
cell line. The rhIL-10R cDNA has 70% DNA sequence
homology (5'-untranslated region and predicted protein-
coding region) to mIL-10R, with 60% identity between the
predicted amino acid sequences. Although mIL-10R binds
both the mouse and human cytokines (24), hIL-10R is spe-
cies-specific, binding only hlL-10. Like mIL-10R, hIL-
10R is structurally related to IFNR, and thus is a new
member of the class II (IFNR-like) subgroup of the cyto-
kine receptor family.

Materials and Methods
Cytokines

Purified rhlL-10 was from Dr. T. L. Nagabhushan, Schering-Plough Re-
search Institute (Kenilworth, NJ). Purified mIL-10 was provided by Dr.
Satish Menon (DNAX, Palo Alto, CA). Concentrated COS7 transfection
supernatants served as a source of vIL-10 (7, 19). '**I-labeled hIL-10
with sp. act. of ~100 pnCi/ug was from Dupont-NEN (North Billerica,
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MA). Cytokines used in competition experiments were provided by var-
ious investigators at DNAX.

Cell lines and Abs

BJAB cells were provided by Dr. J. Banchereau (Schering-Plough; Dar-
dilly, France) and maintained in RPMI 1640 supplemented with 10%
FCS (R10 medium). Ba/F3 cells were provided by Dr. T. Kitamura
(DNAX) and maintained in R10 + 50 uM B-mercaptoethanol and 10
ng/ml mIL-3 (BaF medium). U937 cells were obtained from the Amer-
ican Type Culture Collection and were cultured in R10 with or without
1.5% DMSO. DMSO induces differentiation of U937 cells to cells with
properties characteristic of mature macrophages (25, 26). RPMI 8866
cells and Daudi (Burkitt lymphoma) cells were as described (27) and
were all maintained in R10 + 50 uM B-mercaptoethanol. COS7 cells
were maintained in DMEM supplemented with 5% FCS. Transfection of
COS7 and Ba/F3 cells were performed as described (24, 28). Anti-hIL-10
(12G8) and its isotype control (GL117) mAb were provided by Dr. J.
Abrams and Mr. J. Silver (DNAX). The 12G8 mAb also reacts with
mlL-10 (K. W. Moore, unpublished observation). Anti-FLAG mAb M1
and M2 were purchased from IBI-Kodak (Rochester, NY). SA-PE and
mADb used in magnetic-bead depletion experiments were purchased from
Becton Dickinson (Mountain View, CA).

Purification of human cells for RNA isolation

Human PBMC were isolated from buffy coats from healthy donors by
centrifugation over Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) (7).
PBMC were incubated in cell culture dishes for 40 to 60 min at 37°C.
Non-adherent cells were washed away, and the adherent cells were di-
rectly lysed on the plates with guanidinium thiocyanate for RNA prep-
aration as described previously (18, 20). Human monocytes/macrophages
of 80 to 90% purity were isolated by adherence to gelatin-coated plates
as described (7, 29).

T cells and LGL cells were isolated from PBMC after adherence,
passage over a nylon wool column, density centrifugation on a percoll
gradient, and negative selection by magnetic beads. Briefly, PBMC were
incubated at 10® cells/100-mm tissue culture dish (Becton Dickinson,
Lincoln Park, NJ) for 45 min at 37°C. Nonadherent cells were removed
and passed over a nylon wool column (Robbins Scientific, Sunnyvale,
CA), Cells were centrifuged, resuspended in 30% percoll, loaded on a
40% percoll gradient, and centrifuged for 25 min at 1400 X g. The pellet
consisted of small resting T cells, which were >98% CD2*, CD3". The
interphase, containing LGL, was incubated with saturating concentra-
tions of anti-CD14 (Leu-M3), anti-CD3 (Leu-4), anti-CD4 (Leu-3a),
anti-CD19 (Leu-12), and anti-CD20 (Leul6) mAb for 30 min at 4°C,
washed, and incubated with sheep anti-mouse IgG-coated magnetic
beads (Dynabeads M450, Dynal A. S., Oslo, Norway) at a bead to cell
ratio of 20:1. The mixture was incubated with gentle shaking for 30 min
at 4°C, and rosetted cells were removed with the magnetic particle con-
centrator according to the manufacturer’s recommendations. The result-
ing population was 80 to 90% CD16*, CD56*.

B cells were isolated from mononuclear cells obtained from spleens of
healthy donors by centrifugation through Ficoll-Hypaque. Mononuclear
cells were incubated with saturating concentrations of anti-CD2 (Leu-
5b), anti-CD3 (Leu-4), anti-CD4 (Leu-3a), anti-CD8 (Leu-2a), anti-
CD14 (Leu-M3), anti-CD16 (Leu-11a), and anti-CD56 (Leu-19) mAb for
30 min at 4°C and subjected to negative selection with magnetic beads as
described above. The resulting population was >95% CD19*, CD20".

Structure and expression of FLAG-hIL-10

A 21 amino acid signal sequence and 8 amino acid FLAG peptide se-
quence (30) were fused to the hIL-10 coding region at the N-terminus by
PCR as described previously (24, 31): MALPVTALLLPLALLLHAARP
(signal peptide sequence)-DYKDDDDK (FLAG)-SPGQGTQSENS. ..
(hIL-10). The PCR product was cloned in the pcDSRa296 vector (32).
Transient expression of FLAG-hIL-10 in COS7 cells was analyzed by
35S-methionine-labeling/SDS-PAGE (20), and by ELISA with anti-
FLAG mAb M1 as the coating mAb and anti-hIL-10 as the detecting
mAb (10, 24). The expression level of FLAG-hIL-10 was the same as
hIL-10, and its biological activities were indistinguishable from hIL-10
as assessed in the CSIF assay (4, 5) and by costimulation of proliferation
of mouse MC/9 mast cells in the presence of IL-4 (16, 18). Furthermore,
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ant-FLAG mAb did not block the biologic activities of FLAG-hIL-10
when added to CSIF or MC/9 bioassays in vitro (data not shown).

Detection of hiL-10R

FACS. Human cells and cell lines were incubated with 30 to 60 nM
FLAG-hIL-10 in FACS buffer (HBSS supplemented with 3% FCS,
0.02% NaN;) on ice for 1 h. After staining, cells were pelleted and
resuspended directly in cross-linking solution (Dulbecco’s phosphate-
buffered saline/50 mM HEPES pH 8.3/0.2 mM BS? (Pierce Chemical
Co., Rockford, IL)) for 30 min on ice. Excess BS® was quenched by
adding Tris-HCI pH 8.0 to a final concentration of 50 mM. Cells were
then washed twice in FACS buffer, incubated with 10 pg/ml biotinylated
MI mAb for 30 min on ice, then washed and incubated with SA-PE prior
to FACS analysis as described (24). To determine specificity of binding,
COS7 or Ba/F3 cells expressing rhIL-10R were incubated with 5 nM
FLAG-hIL-10 in the presence or absence of a 100-fold molar excess of
the competing cytokine, then subjected to further treatment and FACS
analysis as above.

Ligand binding. Transfected Ba/F3 cells expressing rhIL-10R (see be-
low) were incubated as triplicate samples (10° cells/sample) with 4-530
pM '*I-labeled hIL-10 in the presence or absence of 150 nM hIL-10 for
4 h at 4°C in RPMI 1640, 2% BSA, 0.02% sodium azide, and then
pelleted through a mixture of phthalate oils as described (24, 33, 34). The
cell pellet and supernatant were assessed for bound and free '*°I cpm,
respectively. Nonspecific binding cpm in samples containing unlabeled
hIL-10 competitor were subtracted to obtain specific binding cpm. Val-
ues for Ky and receptor number were obtained by Scatchard analysis
(24, 33, 34).

SDS-PAGE. The detailed procedure was described previously (24).
Briefly, hIL-10R expressed by BJAB cells and hIL-10R ¢cDNA-trans-
fected COS7 cells was bound to **S-methionine-labeled FLAG-hIL-10
and cross-linked with sulfo-EGS (Pierce Chemical Co., Rockford, IL),
followed by lysis in a buffer containing 1% Triton X-100 and a2 mixture
of protease inhibitors. Cleared lysates or anti-FLAG mAb M2 immuno-
precipitates were analyzed by 7.5% SDS-PAGE and autoradiography.

cDNA library construction

A BIAB cDNA library of approximately 107 independent clones was
prepared using the Super Script Plasmid System (BRL, Gaithersburg,
MD), except that BstXI adaptors instead of Sa/l adaptors were used.
Double-stranded cDNA was size-selected on Chromaspin-1000 columns
(Clontech, Palo Alto, CA), ligated into the expression vector pJFE14
(35), and transformed into Escherichia coli DH10B cells.

Expression cloning of hiL-T0R cDNA

Screening of the BJAB cDNA library was performed by several rounds
of transfection and selection by panning (24, 36-38). In the first round,
4.5 X 107 COS7 cells were transfected with the BJAB ¢cDNA library by
electroporation. Three days after transfection, COS7 cells were harvested
from the plates with 0.5 mM EDTA/0.02% NaN; and incubated with 30
to 60 nM FLAG-hIL-10 for 1 h on ice, followed by cross-linking with
BS?. COS7 cells expressing hIL-10R were then selected on plates coated
with anti-FLAG mAbs M1 and M2. Plasmid DNA recovered from the
selected cells was transformed into E. coli DH10B cells by electropora-
tion and reintroduced into COS7 cells by spheroplast fusion for subse-
quent rounds of panning. After three cycles of panning, DNAs were
prepared from randomly picked E. coli and digested with Xhol and Notl
to release cDNA inserts. Approximately one-third of the clones analyzed
had the same 3.6 kb insert, and two of them (pYLBS, pYLB6) were
chosen for analysis by expression in COS7 cells.

An Xbal/Pvull DNA fragment from the 5'-end of pYLBS was used as
a probe to isolate another clone (pSW8.1) from the original BJAB cDNA
tibrary. The DNA sequence of h{L-10R was determined by using pSWS.1
subclones as templates as described (18) and analyzed using software
from Intelligenetics, Inc. (Mountain View, CA).

Analysis of hiL-T0R mRNA expression

hIL-10R mRNA expression in various human tissues was tested by prob-
ing human multiple-tissue Northern blots (Clontech, Palo-Alto, CA) with
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FIGURE 1. Detection of hIL-10R on
human Burkitt lymphoma cell line
(BJAB), and transfected COS7 cells ex-
pressing hIL-10R. FACS histograms are
shown for BJAB (A) and for COS7 cells
transfected with pYLB5 (B), and com-
pared with results obtained in the pres-
ence of a 100-fold molar excess hiL-
10; each panel shows detection of
FLAG-hIL-10 bound to hIL-TOR (right
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histogram) reduced to background by
competition with 100-fold molar ex-
cess of hIL-10 (left histogram). Immu-
nofluorescence micrographs of COS7
cells expressing hIL-10R (the same
cells as in B) in the absence (C) and
presence (D) of hIL-10 competitor and
in the presence of mIL-10 competitor
(E) are also shown.

the complete hIL-10R ¢cDNA (Xhol-Notl fragment) according to the man-
ufacturer’s instructions. Expression of hIL-10R mRNA in human cells/
cell lines was detected by RNA blot hybridization as described (18).
Filters were probed first with hIL-10R and subsequently with human
B-actin (Clontech, Palo Alto, CA). hIL-10R RNA blots required 24 to 72 h
exposure times; [-actin required 2 to 3 h. Quantitative measurements of
hIL-10R hybridization signals were made on a phosphorimager (Molecular
Dynamics, Sunnyvale, CA) with reference to the B-actin hybridization signal
as a standard. After subtraction of background from the hIL-10R and B-actin
signals, the ratio of their intensities was calculated for each sample for pur-
poses of comparison.

Expression of hIL-10R in transfected Ba/F3 cells

The hIL-10R ¢cDNA pSW8.1 was transfected into Ba/F3 cells along with
a plasmid encoding neomycin resistance as described (24, 28). G418-
resistant hIL- 10R-expressing cells (Ba8.1) were twice sorted for hIL-10R
expression and expanded in culture (24). Ba/F3 and Ba8.1 cells were
tested for binding to various concentrations of FLAG-hIL-10 and ana-
lyzed by FACS (24). Their responsiveness to hIL-10 and mIL-10 was
tested as follows (24): 2000 to 5000 cells were cultured with various
amounts of IL-10 in a total volume of 100 wl in 96-well culture plates for
48 h at 37°C. A 10 pl aliquot of Alamar Blue dye solution (Alamar
Biosciences, Sacramento, CA) was added to each well. After 10 to 14 h
incubation, the response was determined by measuring Ag;o-Agg-

Chromosomal localization of the hIL-10R gene

The chromosomal location of the hIL-10R gene was determined by
hybridization to Mspl digests of genomic DNA from a panel of hu-
man-hamster somatic cell hybrids on a filter purchased from BIOS
Corporation (New Haven, CT). The full-length hIL-10R ¢cDNA was
used as a probe.

Results
Detection of hIL-10R on BJAB cells

hIL-10-responsive cells, which included human adherent
cells from PBMC from healthy human donors (7) and hu-
man cell lines, were tested for their ability to bind FLAG-
hIL-10. A Burkitt lymphoma cell line, BJAB, was found to
give reproducible but low levels of specific FLAG-hIL-10
binding that were reduced to background by excess hIL-10
as competitor (Fig. 14). The level of this specific staining
increased when BJAB cells were transferred to fresh cul-
ture medium and maintained at low cell density 14 to 16 h
before analysis, probably because production of low but
detectable amounts of hIL-10 by BJAB cells themselves
leads to substantial occupancy of hIL-10R by endogenous
hIL-10. This observation suggested that only unoccupied
hIL-10R could be readily detected by FLAG-hIL-10, or
alternatively that hIL-10R may undergo ligand-induced
down-modulation on BJAB cells.

Expression of hIL-10R clones

COS7 cells transfected with candidate hIL-10R cDNA
clones (Materials and Methods) were assessed for ability
to bind FLAG-hIL-10. Figure 1B shows specific staining
of COS7 cells expressing the pYLBS5 clone, which was
reduced to background in the presence of excess hIL-10
(Fig. 1B) but not mIL-10 (data not shown). Fluorescence
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FIGURE 2. Detection of hIL-10R expression by BJAB cells

and pSW8.1-transfected COS7 cells by cross-linking to *°S-
labeled FLAG-hIL-10. The BJAB samples are immunoprecipi-
tates and COS7 samples are cleared lysates. The hIL-10R and
mIL-10R cross-linked to FLAG-hIL-10 or FLAG-mIL-10 (24),
respectively, are indicated by arrows. The prominent bands
near the 49 kDa standard are cross-linked FLAG-hIL-10 and
FLAG-mIL-10 homodimers, as noted earlier (24).

microscopy of pYLBS-transfected COS7 cells also
showed specific staining with FLAG-hIL-10 that was not
inhibited by excess mIL-10 (Fig. 1C, D, E). In contrast to
BJAB cells, use of the cross-linking reagent was not re-
quired for detection of hIL-10R expressed on COS7 cells,
probably because of increased avidity for ligand due to
higher hIL-10R density.

hIL-10R was visualized as a 120 to 140 kDa protein by
cross-linking *°S-labeled FLAG-hIL-10 bound to hIL-10R
expressed on both BJAB and hIL-10R cDNA-transfected
COS7 cells (Fig. 2). This protein is the same size as mIL-
10R detected on mIL-10R-transfected COS7 cells (24). No
such protein species was detected in mock-transfected
COST7 cells (not shown). Subtracting the mass of one (~20
kDa) or two (~40 kDa) FLAG-hIL-10 peptide chains gave
the estimated size of hIL-10R as 90 to 110 kDa.

Sequence analysis of hIL-1T0R cDNA

To avoid possible mutations of cDNAs due to serial pas-
sages in COS7 cells during cDNA library screening, a
fragment from the 5'-end of pYLBS5 was used as a hybrid-
ization probe to isolate another clone from the original
BJAB cDNA library (pSW8.1), which was then used for
DNA sequence analysis. The DNA sequence® contained
an open reading frame encoding a protein of 578 amino
acids, including a putative signal peptide sequence of 21
amino acids (39), a 215 amino acid extracellular domain,
a transmembrane segment of 25 amino acids, and a cyto-
plasmic domain of 317 amino acids. The calculated mo-
lecular mass of hIL-10R from the deduced amino acid se-

*The sequence reported in this paper has been deposited in the Genbank
database, Accession No. U00672.
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quence is ~61 kDa, in contrast to the observed size of 90
to 110 kDa (Fig. 2). This suggested that, like mIL-10R
(24), and as observed with other CRs (40), hIL-10R may
be glycosylated at one or more of the six potential sites
identified in the extracellular domain (Fig. 3). The nucle-
otide sequence of pSW8.1 is 70% homologous to the mIL-
10R cDNA in the 5'-untranslated and predicted protein-
coding regions. The predicted amino acid sequences of
hIL-10R and mIL-10R are 60% identical; if chemically
similar amino acids are included, the homology (similar-
ity) is ~73% (Fig. 3).

IL-10 was predicted to be a member of the four a-helix
bundle cytokine family (41), and most receptors for these
cytokines (for example, IL-2, -3, -4, -5, -6, and IL-7; G-
CSF; GM-CSF) are in the class I group of the CR super-
family (42). However, like mIL-10R, the structure of hIL-
10R is more similar to the smaller group of class II CRs
that includes IFNR, a viral IFNR homolog, and tissue fac-
tor (42-44). The extracellular portion of hIL-10R may be
considered as two homologous segments of ~110 amino
acids that are similar to the size of the immunoglobulin-
like ligand-binding domains of the growth hormone recep-
tor (42, 45). The first class II CR domain features two
conserved tryptophans and the second cysteine pair of
class I CRs; however hIL-10R, unlike mIL-10R, lacks this
cysteine pair (Fig. 3).

Functional expression of hIL-10R in Ba/F3 cells

The hIL-10R cDNA pSW8.1 was transfected along with a
plasmid encoding a neomycin resistance gene into a
mouse pro-B cell line, Ba/F3, which expresses little or no
mlIL-10R (24). G418-resistant cells expressing rhIL-10R
(Ba8.1) were isolated by FACS (Fig. 4A, B), expanded in
culture, and tested for ability to bind '*’I-labeled hIL-10
(Scatchard analysis, Fig. 4C) and respond to either hIL-10
or mIL-10 (proliferation assay; Fig. 4D). The negative
control Neo" plasmid-transfected Ba/F3 cell line (BaF-
Neo) neither binds hIL-10 (Fig. 4B), nor responds to
hIL-10 in the proliferation assay (Fig. 4D).

Ba8.1 cells expressed about 7000 receptors per cell and
bound '*I-labeled hIL-10 with a K, of 200 to 250 pM
(Fig. 4C). This is similar to the K, of 50 to 200 pM of
hIL-10R reported by Tan et al., for the human JY cell line
(46), and somewhat higher than ~70 pM reported for
rmIL-10R (24). This value reflects a relatively high affinity
compared with other CRs (47), which have K, values
ranging from 30 pM for the high-affinity erythropoietin
receptor to 120 nM for the low-affinity hIL-3R.

Neither BaF-Neo nor parental Ba/F3 cells gave a pro-
liferative response to hIL-10 or mIL-10, but Ba8.1 cells,
like Ba/F3 transfectants expressing mIL-10R (24), re-
sponded to hIL-10 in an assay measuring proliferation and
viability (Fig. 4D). The response was inhibited by a neu-
tralizing anti-hIL-10 mAb (Fig. 4D) and thus was specific
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FIGURE 3. Comparison of the predicted
amino acid seguences of hIL-10R (upper)
and mlL-10R (Jower). The predicted signal
sequence cleavage sites are indicated by
arrows. The hydrophobic membrane-span-
ning regions are indicated by dashed boxes
and six potential sites (N-X-$/T) of N-gly-
cosylation in hIL-10R are boxed. Amino
acid residues that define IL-10R as a mem-
ber of the IFNR family (42) are underlined
and in boldface. Chemically similar amino
acids that are conserved among the IFNR
family are underlined. Alignment of the
miL-10R sequence with other IFNR family
members was presented elsewhere (24).
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for hIL-10. Ba8.1 cells did not respond to mlIL-10, con-
sistent with observations that mIL-10 1s species-specific
(1) and does not bind to hIL-10R (Fig. 1). Moreover, bind-
ing of FLAG-hIL-10 to hIL-10R expressed on Ba8.1 cells
was not inhibited by 100-fold molar excess of hIL-1,
hIL.-2, hIL-3, hIL-4, and hIL-5; binding was also not in-
hibited by hIL-7, hIL-13, hGM-CSF, hIFN-«, hIFN-v,
hTNF-«, mIL-10, or vIL-10 (data not shown).

hiL-TOR mRNA expression

RNA blot analysis revealed a 3.6-kb hIL-10R mRNA spe-
cies in a number of human tissues including spleen, thy-
mus, and PBMC (Fig. 54). Non-hemopoietic tissues re-
vealed only faint hybridization to the hIL-10R probe,
including pancreas, skeletal muscle, brain, heart, and kid-
ney (not shown). Placenta, lung, and liver showed inter-
mediate levels of hIL-10R mRNA. Possibly, much of the
signal detected in these samples could be due to contam-
inating blood cells present during isolation of the tissues.

Human cells that express high levels of hIL-10R mRNA
include monocytes, B cells, LGL, and T cells isolated from
fresh PBMC or spleen (Fig. 5B). Cell lines in which the
3.6-kb mRNA was detected were BJAB, DMSO-differen-
tiated U937 cells (Fig. 5B), NK cell lines (data not shown),
and various cloned human T cell lines (48) (Fig. 5C). All
cell populations and cell lines known to respond to IL-10,
including B cells (12), monocytes/macrophages and
DMSO-differentiated U937 cells (6, 10), and T cells and T
cell clones (48), expressed readily detectable levels of hil.-
10R mRNA, as also observed for mIL-10R (24). Activa-
tion of human T cell clones of several phenotypes, includ-
ing ThO-like CD8" clones (GM16, GM59) and Thl-like
(CR329), Th2-like (AA111), and ThO-like (HG120) CD4"*
clones, by anti-CD3 and PMA was associated consistently
with down-regulation of the level of hIL-10R mRNA de-
tected in the cells (Fig. 5C and data not shown). With
reference to (-actin mRNA as standard, the decrease in
hIL-10R mRNA ranged from 2- to 10-fold in the samples
examined, with the CD8* ThO clones tending to exhibit the
more marked decreases in hIL-10R mRNA level.
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FIGURE 4. Expression of hiL-1OR in transfected Ba/F3 cells and their response to mIL-10, hiL-10. (A) FACS analysis of hIL-10R

expression by Ba8.1 cells as detected by binding of FLAG-hIL-10 (histogram 1, shaded), FLAG-mIL-10 (histogram 2), or
FLAG-hIL-10 in the presence of 100-fold excess hiIL-10 (histogram 3). (B) FACS analysis of hiL-10R expression by BaF-Neo cells
as detected by the FLAG-hIL-10. (C) Scatchard analysis of '?*I-labeled hiL-10 binding to Ba8.1 cells. Data were plotted and
analyzed by a linear least-squares fit, and in the particular experiment shown gave a K, value of ~250 pM, ~6000 receptors/
cell, and a coefficient of variation r = 0.997. Data from repeat experiments suggested K, = 200 to 250 pM, with 6000 to 8000
hIL-10R/cell. (D) Response of Ba8.1 and BaF-Neo cells to mIL-10 and hIL-10. The responses of Ba8.1 cells in the presence of
10 pg/ml anti-hiIL-10 (12G8) or isotype control (GL117) mAb are also shown. hIL-10 units were based on a CSIF assay using

human PBMC (7, 10, 18).

Little or no hIL-10R mRNA was detected in RPMI
8866, Daudi, undifferentiated U937, and TF1 cells on an
RNA blot by autoradiogram. Furthermore, TF! cells,
which express receptors for and respond to a variety of
human cytokines, including IL-1, IL-3, IL-4, IL-5, IL-6,
IL-9, IL-11, IL-13, GM-CSF, and erythropoietin (49), did
not exhibit a detectable response to hIL-10 (Y. Liu and K.
W. Moore, unpublished observation). Analysis of the hIL-

10R and B-actin RNA blots using the phosphorimager
suggested that expression of hIL-10R mRNA by these cell
lines was at least several 100-fold below the level ob-
served in the hIL-10R* populations.

Chromosomal localization of the hIL-10R gene

We determined the chromosomal location of the hIL-10R
gene by hybridizing the hIL-10R ¢cDNA probe to Mspl
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FIGURE 5. hIL-TOR mRNA expression in various human
tissues and cells. The 3.6 kb hIL-TOR mRNA (upper band)
and actin mRNA (lower band) are shown. (A) Human mul-
tiple tissue RNA blot (Clontech, Palo Alto, CA): each lane
contains 2 pg poly(A)* RNA. (B) 10 ug total RNA from cells
shown was used in each lane, except for TF-1 cells (2 pg
poly(A)* RNA). U937/DMSO RNA was from U937 cells that
were cultured with 1.5% DMSO for three days before RNA
extraction (25, 26). The apparent different size of hIL-10R
mRNA in LGL is a gel artifact; longer exposures showed that
the mobility of B-actin mRNA was similarly affected (not
shown). (C) 10 pg total RNA from T cell clones shown was
used in each lane. T cell clones were either resting (—) or
induced (+) with anti-CD3 and PMA as described (18, 48)
prior to RNA isolation.

digests of DNAs from a human-hamster hybrid cell line
panel. The hIL-10R probe hybridizes prominently to a
Mspl fragment of ~3.2 kb, along with several smaller, less
intense bands in human genomic DNA. Only cell line
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1049, containing human chromosomes 5 and 11, was pos-
itive when hybridized with hIL-10R ¢cDNA (not shown).
However, all other lines containing chromosome 5 did not
hybridize to the hIL-10R ¢cDNA probe (not shown). There-
fore, we concluded that the hIL-10R gene is located on
chromosome 11.

Discussion

With the use of epitope-tagged hIL-10, we identified a cell
line expressing hIL-10R and isolated cDNA clones encod-
ing hIL-10R. hIL-10R has 70% and 60% sequence identity
to mIL-10R at the nucleic acid and protein levels, respec-
tively (24). COS7 and Ba/F3 cells transfected with hIL-
10R cDNA clones express cell-surface receptors that bind
hIL-10 (but not mIL-10) specifically with high affinity,
and Ba/F3 cells expressing rhIL-10R are stimulated by
hIL-10 but not mIL-10 (Fig. 4). rhIL-10R is indistinguish-
able in size from hIL-10R expressed by the cells from
which the cDNA was isolated, and moreover, is similar in
size to mIL-10R (Fig. 2). hIL-10R mRNA was present in
all cells examined that are known to respond to hIL-10
(Fig. 5). We thus conclude that the hIL-10R identified is a
functional receptor for hIL-10, because it binds ligand spe-
cifically, mediates transduction of a biologic response to
hIL-10, and exhibits the known species-specificity of the
human receptor (1, 46).

We have observed significant levels of hIL-10R mRNA
expression by T cells and NK/LGL cells, cells about which
relatively little is known concerning their direct responses
to IL-10. IL-10 inhibits cytokine synthesis by both T cells
and NK cells, but these inhibitory effects are indirect, me-
diated via the monocyte/macrophage costimulatory cell
(1). However, hIL-10 does enhance generation of lympho-
kine-activated killer activity from resting NK cells in re-
sponse to IL-2 (7), and also has demonstrable inhibitory
effects on IL-2 production by subsets of human T cells and
T cell clones (48, 50). In addition, mIL-10 costimulates
growth of mouse thymocytes and T cells (14), and en-
hances generation of cytotoxic T cell activity (15). NK/
LGL cells express a significant level of hIL-10R mRNA,
especially when compared with the 3-actin reference stan-
dard (Fig. 5B). T cells and T cell clones also express
readily detectable hIL-10R mRNA, which is down-regu-
lated in the latter in response to activation by anti-CD3 and
PMA (Fig. 5A, C). We do not presently know the signif-
icance of the observed down-regulation of hIL-10R
mRNA expression, especially because it is unclear
whether even an 8- to 10-fold lower hIL-10R number
would significantly impair the ability of activated T cells
to respond to IL-10. Loss of IL-10R expression by acti-
vated T cells might render these cells insensitive to inhi-
bition by IL-10 except for indirect effects mediated by
macrophages/monocytes. In any case, the expression of
significant levels of hIL-10R mRNA by T and NK cells
and its regulation by activation stimuli suggest possible
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additional, as yet uncharacterized effects of IL-10 on T
cells and NK cells.

The K, value of hIL-10R is larger than that obtained for
'#I-labeled hIL-10 binding to mIL-10R (~70 pM) ex-
pressed on transfected Ba/F3 (BaMR29) cells (24); this is
consistent with the observation that hIL-10 has an order of
magnitude greater sp. act. in stimulation of BaMR29 cells
compared with Ba8.1 cells (A. Ho and K. W. Moore, un-
published observation). This finding may suggest an in-
trinsically higher affinity of mIL-10R for ligand. Alterna-
tively, it is possible that additional receptor or signalling
components provided in trans by (mouse) Ba/F3 cells in-
teract much more efficiently with mIL-10R than with hIL-
10R due to the species difference.

Like the cellular cytokine, vIL-10 inhibits macrophage
activation and stimulates human and mouse B cells (1).
The finding that vIL-10 at 100-fold molar excess did not
detectably compete with FLAG-hIL-10 for binding to hIL-
10R, although at 500-fold molar excess vIL-10 competed
slightly with FLAG-hIL-10 (data not shown), thus pro-
vides further evidence for the possibie existence of addi-
tional IL-10R components on human B cells and activated
monocytes. Moreover, we have so far been unable to de-
tect significant levels of binding of FLAG-vIL-10 to either
Ba8.1 or COS7 cells expressing hIL-10R using FACS
analysis.

hIL-10R, along with mIL-10R (24), are new members
of the class II subgroup of CR, the IFNR family. Many of
the activating effects of IFN-y on macrophages are inhib-
ited by IL-10 (1). The structures of the ligand-binding
chains of IFN-af3R and IFN-yR are known (43, 51, 52),
but biologic and genetic evidence has been accumulated
for the existence of an additional IFNR polypeptide(s) in-
volved in transduction of a biologic signal (see for exam-
ple (53)). In this light, and in view of the demonstration of
shared subunits among receptors for different cytokines
(54, 55), it is possible that IL-10R could likewise share a
second receptor chain with an IFNR. If so, IL-10 and
IFN-vy might compete for binding to each other’s recep-
tors, but as noted above, neither IFN-« nor IFN-y com-
peted for hIL-10 binding to rhiL-10R. However, in the
IL3, ILS, and GM-CSF receptor system (45) a group of
CRs shares a common secondary chain, but each CR is
only capable of binding its respective cytokine. Further
possibilities are that the IL-10 and IFN signal transduction
pathways may share common features, or that the IL-10/
IL-10R interaction might directly antagonize the IFNR
signal transduction pathway (56, 57), perhaps by interact-
ing with or sequestering one or more of its components.
These suggestions are plausible in view of recent evidence
that IL-10 and IFN-vy both activate a transcription factor
that interacts with IFN-response elements in the FcyRI
gene (58) and induce FcyR expression (59). Further
characterization of the structure and signal transduction
mechanisms of IL-10R and IFNR may illuminate these
possibilities.

HUMAN IL-10R

Acknowledgments

The authors thank Dr. J. F. Bazan and Dr. T. Kitamura for their continu-
ing interest in this work and for valuable advice; Drs. J. Gabert and T.
Kitamura for samples of TF-1 mRNA; Dr. H. Yssel for providing several
human T cell clones; S. Zurawski for teaching us receptor binding assay
techniques; Dr. M. Billah for information and advice regarding DMSO
induction of U937 cells; Drs. C.-C. Chou and J. Tan for sharing infor-
mation before publication; Dr. D.-H. Hsu for contributions 1o the early
phase of this project; J. Polakoff, J. Cupp, and E. Calias for assistance in
cell sorting and analysis; and D. Robison for synthetic oligonucleotides.

References

1. Moore, K. W., A. O’Garra, R. de Waal Malefyt, P. Vieira, and T. R.
Mosmann. 1993. Interleukin-10. Annu. Rev. Immunol. 11:165.

2. Enk, A. H,, and S. 1. Katz. 1992. Identification and induction of
keratinocyte-derived IL-10. J. Immunol. 149:92.

3. Rivas, J. M_, and S. E. Ullrich. 1992. Systemic suppression of de-
layed-type hypersensitivity by supernatants from UV-irradiated ke-
ratinocytes: an essential role for keratinocyte-derived 1L-10. J. Im-
munol. 149:3865.

4. Fiorentino, D. F., M. W. Bond, and T. R. Mosmann. 1989. Two types
of mouse helper T cell. IV. Th2 clones secrete a factor that inhibits
cytokine production by Thl clones. J. Exp. Med. 170:2081.

5. Fiorentino, D. F., A. Zlotnik, P. Vieira, T. R. Mosmann, M. Howard,
K. W. Moore, and A. O’Garra. 1991. IL-10 acts on the antigen-
presenting cell to inhibit cytokine production by Thl cells. J. fm-
munol. 146:3444.

6. de Waal Malefyt, R.. J. Haanen, H. Spits, M.-G. Roncarolo, A.
te Velde, C. Figdor, K. Johnson, R. Kastelein, H. Yssel, and J. E. de
Vries. 1991. IL-10 and viral IL-10 strongly reduce antigen-specific
human T cell proliferation by diminishing the antigen-presenting ca-
pacity of monocytes via downregulation of class I MHC expression.
J. Exp. Med. 174:915.

7. Hsu, D.-H., K. W. Moore, and H. Spits. 1992. Differential effects of
interleukin-4 and - 10 on interleukin-2-induced interferon-y synthesis
and lymphokine-activated killer activity. Int. Immunol. 4:563.

8. Ralph, P., I. Nakoinz, A. Sampson-Johannes, S. Fong, D. Lowe,
H.-Y. Min, and L. Lin. 1992. IL-10, T lymphocyte inhibitor of hu-
man blood cell production of IL-1 and tumor necrosis factor. J. Im-
munol. 148:808.

9. Bogdan, C., Y. Vodovotz, and C. Nathan. 1991. Macrophage deac-
tivation by interleukin 10. J. Exp. Med. 174:1549.

10. de Waal Malefyt, R., J. Abrams, B. Bennett, C. Figdor, and J.
de Vries. 1991. IL-10 inhibits cytokine synthesis by human mono-
cytes: an autoregulatory role of IL-10 produced by monocytes. J.
Exp. Med. 174:1209.

11. Fiorentino, D. F., A. Zlotnik, T. R. Mosmann, M. H. Howard, and A.
O’Garra. 1991. IL-10 inhibits cytokine production by activated mac-
rophages. J. Immunol. 147:3815.

12. Rousset, F., E. Garcia, T. Defrance, C. Peronne, D.-H. Hsu, R.
Kastelein, K. W. Moore, and J. Banchereau. 1992. IL-10 is a potent
growth and differentiation factor for activated human B lympho-
cytes. Proc. Natl. Acad. Sci. USA 89:1890.

13. Suda, T., A. O’Garra, 1. MacNeil, M. Fischer, M. Bond, and A.
Zlotnik. 1990. Identification of a novel thymocyte growth-promoting
factor derived from B cell lymphomas. Cell. Immunol. 129:228.

14. MacNeil, 1., T. Suda, K. W. Moore, T. R. Mosmann, and A. Zlotnik.
1990. [L-10: a novel cytokine growth cofactor for mature and im-
mature T cells. J. Immunol. 145:4167.

15. Chen, W.-F., and A. Zlotnik. 1991. Interleukin 10: a novel cytotoxic
T cell differentiation factor. J. Immunol. 147:528.

16. Thompson-Snipes, L., V. Dhar, M. W. Bond, T. R. Mosmann, K. W.
Moore, and D. Rennick. 1991. Interleukin-10: a novel stimulatory
factor for mast cells and their progenitors. J. Exp. Med. 173:507.

17. Go, N. F., B. E. Castle, R. Barrett, R. Kastelein, W. Dang, T. R.
Mosmann, K. W. Moore, and M. Howard. 1990. Interleukin 10 (IL-
10), a novel B cell stimulatory factor: unresponsiveness of X chro-
mosome-linked immunodeficiency B cells. J. Exp. Med. 172:1625.



Journal of Immunology

18.

20.

21.

22.

23.

24.

25.

26.

217.

28,

29.

30.

31

32.

33.

34,

35.

Vieira, P., R. de Waal-Malefyt, M.-N. Dang, K. E. Johnson, R.
Kastelein, D. F. Fiorentino, J. E. de Vries, M.-G. Roncarolo, T. R.
Mosmann, and K. W. Moore. 1991. Isolation and expression of hu-
man cytokine synthesis inhibitory factor (CSIF/IL10) cDNA clones:
homology to Epstein-Barr virus open reading frame BCRFI. Proc.
Natl. Acad. Sci. USA 88:1172.

. Hsu, D.-H., R. de Waal Malefyt, D. F. Fiorentino. M.-N. Dang, P.

Vieira, J. de Vries, H. Spits, T. R. Mosmann, and K. W. Moore.
1990. Expression of IL-10 activity by Epstein-Barr virus protein
BCRFI. Science 250:830.

Moore, K. W., P. Vieira, D. F. Fiorentino, M. L. Trounstine, T. A.
Khan, and T. R. Mosmann. 1990. Homology of cytokine synthesis
inhibitory factor (IL-10) to the Epstein Barr virus gene BCRFI. Sci-
ence 248:1230.

Rode, H.-J., W. Janssen, A. Rosen-Wolff, J. J. Bugert, P. Thein, Y.
Becker, and G. Darai. 1993. The genome of equine herpesvirus type
2 harbors an interleukin-10 (IL-10)-like gene. Virus Genes 7:111.
Burdin, N., C. Peronne, J. Banchereau, and F. Rousset. 1993.
Epstein-Barr virus transformation induces B lymphocytes to produce
human interleukin-10. J. Exp. Med. 177:295.

Miyazaki, 1., R. K. Cheung. and H.-M. Dosch. 1993. Viral interleu-
kin 10 is critical for the induction of B cell growth transformation by
Epstein-Barr virus. J. Exp. Med. 178:439.

Ho, A.S.-Y., Y. Liu, T. A. Khan, D.-H. Hsu, J. F. Bazan, and K. W.
Moore. 1993. A receptor for interleukin-10 is related to interferon
receptors. Proc. Natl. Acad. Sci. USA. 90:11267.

Myers, R. F,, and M. 1. Siegel. 1984. The appearance of phospho-
lipase activity in the human macrophage-like cell line U937 during
dimethy! sulfoxide-induced differentiation. Biochem. Biophys. Res.
Commun. 118:217.

Nicholson, D. W., A. Ali, M. W. Klemba, N. A. Munday, R. J.
Zamboni, and A. W, Ford-Hutchinson. 1992. Human leukotriene C4
synthase expression in dimethyl sulfoxide-differentiated U937 cells.
J. Biol. Chem. 267:17849.

Stuart, S. G, M. L. Trounstine, D. J. T. Vaux, T. Koch, C. L. Martens, [.
Mellman, and K. W. Moore. 1987. Isolation and expression of cDNA
clones encoding a human receptor for IgG (FeyRID). J. Exp. Med. 166:
1668.

Kitamura, T., K. Hayashida, K. Sakamaki, T. Yokota, K.-1. Arai, and
A. Miyajima. 1991. Reconstitution of functional receptors for human
granulocyte/macrophage colony-stimulating factor (GM-CSF): evi-
dence that the protein encoded by the AIC2B ¢DNA is a subunit of
the murine GM-CSF receptor. Proc. Natl. Acad. Sci. USA 88:5082.

Wilson, A. B., J. M. Harris, and R. R. A. Coombs. 1988. Interleukin-
2-induced production of interferon-y by resting human T cells and
large granular lymphocytes: requirement for accessory cell factors,
including interleukin-1. Cell. Immunol. 113:130.

Hopp, T. P., K. S. Prickett, V. L. Price, R. T. Libby, C. J. March,
D. P. Cerretti, D. L. Urdal, and P. J. Conlon. 1988. A short polypep-
tide marker sequence useful for recombinant protein identification
and purification. Biotechnology 6:1204.

Squinto, S. P., T. H. Aldrich, R. M. Lindsay, D. M. Morrissey, N.
Panayotatos, S. M. Bianco, M. E. Furth, and G. Yancopoulos. 1990.
Identification of functional receptors for ciliary neurotrophic factor
on neuronal cell lines and primary neurons. Neuron 5:757.

Takebe, Y., M. Seiki, J.-I. Fujisawa, P. Hoy, K. Yokota, K.-I. Arai,
M. Yoshida, and N. Arai. 1988. SR-alpha promoter: an efficient and
versatile mammalian cDNA expression system composed of the sim-
ian virus 40 early promoter and the R-US segment of human T-cell
leukemia virus type | long terminal repeat. Mol. Cell. Biol. 8:466.

Zurawski, 8. M., J.-L. Imler, and G. Zurawski. 1990. Partial agonist/
antagonist mouse interleukin-2 proteins indicate that a third compo-
nent of the receptor complex functions in signal transduction. EMBO
J 9:3899.

Zurawski, S. M., and G. Zurawski. 1992, Receptor antagonist and

selective agonist derivatives of mouse interleukin-2. EMBO J 11:
3905.

Elliott, I. F., G. R. Albrecht, A. Gilladoga, S. Handunetti, J. Neequaye, G.
Lallinger, J. N. Minjas, and R. J. Howard. 1990. Genes for Plasmodium
Jalciparum surface antigens cloned by expression in COS cells. Proc. Natl.
Acad. Sci. USA 87:6363.

37.

38.

39.

40.

4]1.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

1829

. Aruffo, A., and B. Seed. 1987. Molecular cloning of a CD28 cDNA

by a high-efficiency COS cell expression system. Proc. Natl. Acad.
Sci. USA 84:8573.

Gollnick, S. O., M. L. Trounstine, L. C. Yamashita, M. R. Kehry,
and K. W. Moore. 1990. Isolation, characterization, and expression
of cDNA clones encoding the mouse Fc receptor for IgE (FceRII). J.
Immunol. 144:1974.

Davis, S., T. H. Aldrich, D. M. Vaienzuela, V. Wong, M. E. Furth,
S. P. Squinto, and G. D. Yancopoulos. 1991. The receptor for ciliary
neurotrophic factor. Science 253:59.

von Heijne, G. 1986. A new method for predicting signal sequence
cleavage sites. Nucleic Acids Res. 14:4683.

Hershey, G. K. K., and R. D. Schreiber. 1989. Biosynthetic analysis
of the human interferon-y receptor. J. Biol. Chem. 264:11981.
Shanafelt, A. B., A. Miyajima, T. Kitamura, and R. A. Kastelein.
1991. The amino-terminal helix of GM-CSF and IL-5 governs high-
affinity binding to their receptors. EMBO J 10:4105.

Bazan, J. F. 1990. Structural design and molecular evolution of a
cytokine receptor superfamily. Proc. Natl. Acad. Sci. USA 87:6934.
Bazan, J. F. 1990. Shared architecture of hormone-binding domains
in type I and Il interferon receptors. Cell 61:753.

Upton, C., K. Mossman, and G. McFadden. 1992. Encoding of a
homolog of the IFN-gamma receptor by myxoma virus. Science 258:
1369.

de Vos, A. M., M. Ultsch, and A. A. Kossiakoff. 1992. Human
growth hormone and the extraceliular domain of its receptor: crystal
structure of the complex. Science 255:306.

Tan, J. C, S. Indelicato, S. K. Narula, P. J. Zavodny, and C.-C.
Chou. 1993. Characterization of interleukin-10 receptors on human
and mouse cells. J. Biol. Chem. 268:21053.

Miyajima, A., T. Kitamura, N. Harada, T. Yokota, and K.-I. Arai.
1992. Cytokine receptors and signal transduction. Annu. Rev. Immu-
nol. 10:295.

de Waal Malefyt, R., H. Yssel, and J. E. de Vries. 1993. Direct
effects of IL-10 on subsets of human CD4" T cell clones and resting
T cells. J. Immunol. 150:4754.

Kitamura, T., F. Takaku, and A. Miyajima. 1991. IL-1 up-regulates
the expression of cytokine receptors on a factor-dependent human
hemopoietic cell line, TF-1. Inr. immunol. 3:571.

Taga, K., H. Mostowski, and G. Tosato. 1993. Human interleukin-10
can directly inhibit T-cell growth. Blood 81:2964.

Aguet, M., Z. Dembic, and G. Merlin. 1988. Molecular cloning and
expression of the human interferon-y receptor. Cell 55:273.

Uze, G., G. Lutfalia, and 1. Gresser. 1990. Genetic transfer of a
functional human interferon-a receptor into mouse cells: cloning and
expression of its cDNA. Cell 60:225.

Pestka, S. 1992, The interferon receptors: an unfinished story. AIDS
Res. Hum. Retroviruses 8:776.

Miyajima, A., T. Hara, and T. Kitamura. 1992. Common subunits of
cytokine receptors and the functional redundancy of cytokines.
Trends Biochem. Sci. 17:378.

Gearing, D. P., M. R. Comeau, D. J. Friend, S. D. Gimpel, C. J. Thut,
J. McGourty, K. K. Brasher, J. A. King, S. Gillis, B. Mosley, S. F.
Ziegler, and D. Cosman. 1992. The IL-6 signal transducer, gp130: an
oncostatin M receptor and affinity converter for the LIF receptor.
Science 255:1434.

Shuai, K., C. Schindler, V. R. Prezioso, and J. E. Darnell. 1992.
Activation of transcription by IFN-gamma: tyrosine phosphorylation
of a 91-kD DNA binding protein. Science 258:1808.

Sen, G. C., and P. Lengyel. 1992. The interferon system. A bird’s-
eye view of its biochemistry. J. Biol. Chem. 267:5017.

Larner, A. C., M. David, G. M. Feldman, K.-1. Igarashi, R. H. Hackett, D.
S. A. Webb, S. M. Sweitzer, E. F. Petricoin 11, and D. S. Finbloom. 1993.
Tyrosine phosphorylation of DNA-binding proteins by multiple cytokines.
Science 261:1730.

te Velde, A. A, R. de Waal Malefyt, R. J. F. Huijbens, J. E. de Vries,
and C. G. Figdor. 1992. IL-10 stimulates monocyte FcyR surface
expression and cytotoxic activity: distinct regulation of ADCC by
IFNv, IL-4, and IL-10. J. Immunol. 149:4048.



