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Production of Interleukin-10 by Granulocyte Colony-Stimulating
Factor—Mobilized Blood Products: A Mechanism for Monocyte-Mediated
Suppression of T-Cell Proliferation

By Marco Mielcarek, Lynn Graf, Gretchen Johnson, and Beverly Torok-Storb

Previous reports showed that granulocyte colony-stimulat-
ing factor (G-CSF)-mobilized peripheral blood mononuclear
cells (G-PBMC) are hyporesponsive to alloantigen compared
with control PBMC. In the current study, neutralizing antibod-
ies to interleukin-10 (IL-10) increased the proliferative re-
sponse of G-PBMC to alloantigen by 50.14% (+ 12.79%; n =
8), whereas the proliferative response of control PBMC was
not affected. The inhibition of OKT3-stimulated CD4 cell
proliferation by G-PBMC-derived CD14* cells could also be
abrogated by the addition of IL-10 neutralizing antibodies.
Further, IL-10 levels correlated with the number of CD14 cells
in these cultures. Constitutive IL-10 mRNA levels detected by

control PBMC. This translated into significantly higher IL-10
levels after 24-hour lipopolysaccharide (LPS) stimulation of
G-PBMC compared with control PBMC (P = .036). IL-10
mMRNA levels were also fivefold higher in isolated G-PBMC-
derived CD14 cells compared with control CD14 cells. This
corresponded to increased constitutive production of IL-10
by isolated G-PBMC-derived CD14 cells compared with
control CD14 cells (357.2 = 104.5 v51.7 = 30.5, P = .051). In
conclusion, these data suggest that monocytes contained
within G-PBMC, which, in comparison to marrow, are in-
creased in absolute number and relative proportion to T
cells, may suppress T-cell responsiveness by secretion of

quantitative reverse transcriptase-polymerase chain reac- IL-10.
tion (RT-PCR) were 10-fold higher in G-PBMC compared with © 1998 by The American Society of Hematology.

RANULOCYTE COLONY-stimulating factor (G-CSF)— MATERIALS AND METHODS

mobilized peripheral blood mononuclear cells (G- ponors, G-CSF—mobilization, and PBMC processinGamples
PBMC) used for hematopoietic reconstitution after myeloabla-were collected after written informed consent using forms approved by
tive therapy contain a large number of CD1dhonocytes. This  the Institutional Review Board of the Fred Hutchinson Cancer Research
is a direct result of G-CSF treatment of the donor, which Center (FHCRC). Donors were treated by subcutaneous injection with
increases peripheral monocyte counts, with additional enrichrecombinant human (rh)G-CSF (Amgen, Inc, Thousand Oaks, CA) ata
ment for monocytes through the leukapheresis procedur@osg of 16 pg/kg/d for 4 to 7 days. Leukapheresis was pe_zrformed using a
Overall, G-PBMC contain approximately 50 times more mono- continuous flow blood cell separator (Cobe Laboratories, Lakewood,
' . . CO) on 2 consecutive days beginning on day 4 of rhG-CSF administra-
cytgs and 10 t'mes more T cells than t){plcajl mgrrow graﬂs‘tion. Heparinized peripheral blood samples obtained from the same
which translates into monocyte—T-cell ratios five times greatefgyonor pefore the first administration of G-CSF (control PBMC) and
in G-PBMC as compared with marrow or normal PBMC. samples from the first leukapheresis (G-PBMC) were used for compara-
We have reported previously that the large number of CD14 tive experiments. Control PBMC were isolated over Ficoll (Accu-Prep,
monocytes in G-PBMC can suppress alloantigen-induced T-celfccurate Chemicals, Westbury, NY; 1.077 g/mL) step gradients,
dent fashiort. In addition, CD4 T cells in G-PBMC compared mmol/L) and washed three times in Hank’s Balanced Salt Solution
. . . (HBSS)/1% bovine serum albumin (BSA). G-PBMC were suspended in
with CD4 cells from normal PBMC controls show impaired

. . f th . | HBSS/1% BSA and centrifuged at 2§@or 10 minutes to remove
induction of the CD28 responsive complex (CD28RC), aplatelets.AII cells were cryopreserved to allow simultaneous testing.

pivotal interleukin-2 (IL-2) transcription factor. The suppressed  |sojation of CD4 T cells and monocytesFor fluorescence-activated
induction of CD28RC in G-PBMC was reversible after deplet- cell sorting (FACS), cells were stained with LeuM3 (anti-CD14—
ing monocyte&. Other investigators using murine allogeneic phycoerythrin [PE]; Becton Dickinson, San Jose, CA) and Leu-3a
transplantation models, showed that G-CSF treatment may als@nti-CD4—fluorescein isothiocyanate [FITC]; Becton Dickinson). Stain-
have direct effects on donor T-cell function by inducing a in_gfor_both CD14 and CD_4 a_llowed clear separation of populations and
polarization toward a Thacytokine phenotypé# minimized cross-contamination, as some CD14 cells coexpress CD4.

. . .. After incubation with antibody conjugates for 20 minutes on ice, cells
The hyporesponsiveness of G-PBMC to alloantigen in V'trowere washed twice in HBSS/1% BSA and sorted as described previ-

corresponds in theory to clinical observations in the allogenei%uslyg Purity of CD4 and CD14 cells was always greater than 96% after
HLA-identical transplantation setting, where the G-PBMC

products, which contain at least 10 times more T cells than

marrow, have not translated.lnto a higher incidence or severity From the Transplantation Biology Program, Clinical Research
of acute graft-versus-host disease (aGVHB)Whether these  piision, Fred Hutchinson Cancer Research Center, Seattle, WA.

two observations are mechanistically related remains specula- sypmitted November 24, 1997; accepted March 4, 1998.

tive. However, a better understanding of the mechanisms Supported in part by Grants No. DK51417 and CA18221 from the
responsible for the hyporesponsiveness of G-PBMC to alloantiNational Institutes of Health, Department of Health and Human
gen could lead to strategies for optimizing the cellular composi-Services, Bethesda, MD.

tion of transplantation products. For this purpose, we extended Address reprint requests to Marco Mi'elcarek, MD, Fred Hutchinson
our previous study and analyzed potential mechanisms of:ancer Research Center, 1124 Columbia St, M-318, Seattle, WA 98104.

. . . . The publication costs of this article were defrayed in part by page
monocyte-mediated suppression. Daia presented in this I’epo&arge payment. This article must therefore be hereby métkerder-

suggest thatlL-10, a potent antiinflammatory cytokine preferens;sementin accordance with 18 U.S.C. section 1734 solely to indicate
tially produced by activated monocytes/macrophages and This fact.

cells, is a factor by which monocytes suppress T-cell responsive- © 1998 by The American Society of Hematology.
ness in G-PBMC products. 0006-4971/98/9201-0024$3.00/0
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sorting. Cells were counted, resuspended in RPMI 1640 mediunsynthesis. Negative controls were included for every PCR analysis.
supplemented with 10% fetal calf serum (FCS), penicillin (100 U/mL), PCR products were separated in 4% agarose gels and stained with
and streptomycin sulfate (100 g/mL). Viability always exceeded 95% asethidium bromide. Specific primers were custom synthesized (FHCRC
determined by trypan blue exclusion. Shared Resources Facility):" 3L-10 ACCAAGACCCAGACAT-

In some experiments monocytes were obtained after sheep erythrocyteAAG; 3’ IL-10 GAGGTACAATAAGGTTTCTCAAG: 5 B.m AT-
rosetting to deplete for T celf§,followed by cell sorting based on light GTCTCGCTCCGTGGCCTTAGCT;®,m CCTCCATGATGCTGCT-
scattering characteristics or followed by counterflow centrifugal elutria- TACATGTC. Amplification products were 350 bp for IL-10 and 380 bp
tion.** This approach avoided staining with anti-CD14 antibodies andyor g,m. The feasibility of this technique for semiquantitative measure-
minimized the possibility of nonspecific activation. The purity of aniswas confirmed by cDNA-dilution series.

CD14" cells obtained using this technique was typically greater than - cytokine analysis. Culture supernatants were harvested from tripli-

85:;"_' d leuk it MLC). Cult tablished i cate cultures at indicated timepoints and frozer 20°C until analysis
ixed leukocyte cultures ( )-Cultures yvere established n Lipopolysaccharide (LPS; fronkEscherichia coli026:B6; Sigma, St
round-bottom 96-well plates (Costar, Cambridge, MA). Responder, _ . . . ;
S ... Louis, MO) for stimulation was used at a concentration between 0.01

PBMC or sorted CD4 cells in indicated numbers were cultured with . . .

N . . and 1.0 pg/mL. Cytokine enzyme-linked immunosorbent assays (ELI-
1.0 X 1° irradiated (30 Gy), allogeneic, DR-mismatched PBMC SA ¢ d by Allen F d of the FHCRC Shared R
stimulators in 200 pL RPMI 1640 medium supplemented with 10% S) Wef p_?r or?e ILZ’& en Farran 9 ¢ € TNF ared &
FCS, L-glutamine (0.4 mg/mL), penicillin (100 U/mL), and streptomy- §ources acility. For , umor necrosis factak- ( ), an

interferons (IFN-vy), polystyrene 96-well plates (Costar) were coated

cin (100 g/mL). At 120 hours, cultures were pulsed withthymidine - o ; . M
(1.0 pCilwell) for the final 18 hours. Cells were harvested and overnight (ON) at 4°C with cytokine-specific capture antibodies in 50

3H-thymidine incorporation was measured by liquid scintillation count- MMOl/L Na carbonate, pH 9.5. Capture antibody concentrations were
ing. In some experiments neutralizing monoclonal antibody to hiL-102-5 Hg/mL for IL-la (PharMingen, San Diego, CA), 2 ug/mL for TNF-

(mouse IgG2b, clone 217, R&D Systems, Minneapolis, MN) at 4 ng/mL(Boehringer Mannheim Biochemicals), and 1 pg/mL for IFNEndo-
was added at the initiation of cultures. gen, Boston, MA). The next day, plates were washed and nonspecific

P0|yc|ona| stimulation assay using immobilized anti-CDElat- blndlng was blocked by incubation with 1% BSA/Tris-buffered saline
bottom 96-well plates (Costar) were coated overnight at 4°C with (TBS; Sigma) at room temperature (RT) for 1 hour. Plates were then
monoclonal antibody OKT3 (Ortho, Raritan, NJ) at 50 ng/mL in washed three times with PBS-T before addition of samples. Diluted
Tris-HCI buffer (pH 9.6). Plates were washed twice with phosphate-samples, controls, and standards were incubated ON at 4°C. The next
buffered saline (PBS)/1% BSA before adding cells. PBMC or sortedday, plates were washed five times with PBS-T and detection of
CD4 cells were suspended in RPMI/10% FCS and seeded at indicatechptured IL-v was accomplished by addition of 0.5 pg/mL mouse
concentrations. At 96 hours, cultures were pulsed Witithymidine for antihuman IL-—biotin conjugate (PharMingen); detection of captured
the final 18 hours. For monocyte-suppression studies, sorted or elutriFN-y by addition of a 0.5 pg/mL of mouse antihuman IRNbiotin
ated CD14 cells were added to the cultures on day 0. Neutralizingconjugate (Endogen). Detection of captured TalFsas accomplished
antibodies to IL-10 (NAB IL-10) were used as described above. by addition of a 0.05 U/uL mouse antihuman TMFhorseradish

Immunomagnetic cell sorting for CD14 depletion of G-PBMC.  peroxidase (HRP) conjugate (Boehringer Mannheim Biochemicals) in
CD14-depleted fractions of G-PBMC containing less than 2% CD1419, BSA/5 mmol/lL EDTA/TBS-T at RT and ILd and IFNsy
cells were obtained by negative selection using LeuM3 anti-CD14—PEantibody-cytokine complex was detected by using avidin D-HRP
mouse antihuman-IgG2a (Becton Dickinson) as primary antibody, and\vector Labs, Burlingame, CA).
rat antimouse-lgG2ab conjugated to magnetic microbeads as second-  For human IL-8 and IL-10, 96-well plates (Costar) were coated ON at
ary antibody according to the manufacturer’s instructions (Miltenyi g with 2 pg/mL of mouse antihuman IL-8 or rat antihuman IL-10
Biotec GmbH, Bergisch Gladbach, Germany). _ (Endogen) in PBS. Nonspecific binding was blocked with 1% BSA/

IL-10 reverse transcriptase-polymerase chain reaction (RT-PCR).Tgg at RT for 1 hour and plates were washed three times with PBS-T.

Cells were pelleted and Iysed_in Proteinase K/sodiu_m dodecyl Su_lfat%)iluted samples were incubated in 0.1% BSA/TBS-T containing 25
(SDS) buffer (GIBCO-BRL, Gaithersburg, MD; Boehringer Mannheim, ng/mL of mouse antihuman IL-8-biotin or 100 ng/mL of rat antihuman

Indianapolis, IN) as described previoushfotal RNAwas extracted by IL-10 (Endogen) in 96-well plates (Costar) for 2 hours before addition

pRP"l\le:ol-(;hlorofozgé Er(;:mptltageng:th etfsan(tjl,d aénq res_L:Epgr,Lied Mo the binding plate. After transfer to binding plates, samples were
se-iree water” Extracte was treated twice wi € “incubated another 2 hours at RT. Detection of captured IL-8 or IL-10

((:ﬂrggz?r?ﬁ zﬂxet\?allzgg’nvgr:)dtgtgf:;t %22?2?;31'\]'“ followed by phenol- was accomplished by addition of PolyHRP-SA20 conjugate (Research
precip ) Diagnostics Inc, Flanders, NJ) at a 1:20,000 dilution of 0.1% BSA/

RNA for IL-10 and3,-microglobulin 8,m) analysis was denatured . g ; )
and reverse transcribed by using 0.1 pg/mL pdT12-18 (PharmaciaTBS_T at RT. After 30 minutes incubation, all plates were washed five

Piscataway, NJ), Moloney murine leukemia virus (MMLV)-RT (GIBCO- times with PB_S'T before substratg (TMB, 2-Compon§nt, KPL_) was
BRL), 0.5 mmol/L of each dNTP (Pharmacia), 25 mmol/L dithiothreitol 2dded. Reactions were stopped with 1 mol/tPBy. Optical density
(DTT), 0.2 U/mL RNAsin (Promega) and 1x First Strand Buffer was determlne_d at 450 to 650 nm using a microplate reader (Vmax;
(GIBCO-BRL) in a final volume of 20 pL. For PCR amplification, Molecular Devices, Sunnyvale, CA). Unknown values were calculated
first-strand cDNA corresponding to approximately t@lls was added from a standard curve using recombinant human standards (R&D
to PCR mixture (0.5 U Tag-polymerase [AmpliTag, Perkin Elmer, Systems). All samples, standards, and controls were run in duplicates.
Branchburg, NJ], 0.2 mmol/L dNTP, 5 ug/mL specific primers, Interassay and intraassay coefficients of variation (CVs) were deter-
RNAse-free water, 50 mmol/L KCI, 10 mmol/L Tris, 0.001% gelatin, Mined to be less than 10% with assay sensitivities<éf pg/mL for

and 1.25 mmol/L MgGifor IL-10, and 2.5 mmol/L MgGifor B,m)ina  IL-1a, <1 pg/mL for IFN<y, and TNFe, and<0.5 pg/mL for IL-8 and

total volume of 25 uL. The reaction mixtures were amplified in a Perkin IL-10.

Elmer thermal cycler 9600 for 35 cycles with the following temperature ~ Statistical analysis. Proliferation and cytokine data are summarized
profile: 4 minutes at 94°C, (15 seconds at 94°C, 45 seconds at 56°C, 3®ith means and standard errors. Statistical comparisons were performed
seconds at 72°CX 35, and 5 minutes at 72°C. PCR wiam-specific using t-tests. Where appropriate, paired versions of tiest were
primers was performed on each sample as a control for efficient cDNAapplied.
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RESULTS A 100

Monocytes suppress OKT3-stimulated T-cell proliferation.
We have reported previously that control and G-PBMC-derived
CD14 cells suppress proliferation of autologous PBMC respond 80
ers or purified CD4 responders in MLC in a dose-dependen%
fashion when irradiated allogeneic stimulators were dséf. -
have now extended our previous study using immobilized % 60
OKT3 for polyclonal stimulation of T-cell proliferation. As
shown in Fig 1A, the addition of increasing numbers of control
monocytes obtained by elutriation to a fixed number (200 40
1) of autologous PBMC responders lead to a dose-dependet
suppression of proliferation. When increasing numbers of
unfractionated G-PBMC were stimulated with immobilized 20
OKT3 (Fig 1B), proliferation decreased progressively after
exceeding a threshold number of approximately 2001LC°

cells/200 pL. This threshold number varied dependent on the 0 T T T T T
proportion of monocytes present in a sample. In contrast - 25 50 100 200
CD14-depleted G-PBMC containing less than 2% CDtdlls

showed increasing proliferation up to cell concentrations of Monocytes added (x 103)

300 X 1C® cells/200 pL (Fig 2B). These results suggest that
monocytes also suppress OKT3-stimulated T-cell proliferation
in a dose-dependent manner.

Endogenously produced IL-10 suppresses OKT3-stimulate:

T-cell proliferation and proinflammatory cytokine production. B 60
Monocytes are a major source of the antiinflammatory cytokine
IL-10.1%-18To test whether IL-10 might be involved in monocyte- 50 -

mediated suppression, fixed numbers of sorted G-PBMC-
derived CD4 cells plus varying numbers of G-PBMC—derived

CD14 cells were stimulated with immobilized OKT-3 in the & 40 7
presence or absence of NAB IL-10. As shown in Fig 2A 60 ™
10° CD4 cells alone did not proliferate, as accessory cells were  $¢ 30
not present in this system. The addition of small numbers ol E
CD14 cells (6.25 to 12.X 10 G-PBMC-derived CD14 cells; o
CD4/CD14 ratio 8:1 to 4:1), however, lead to a steep increase it ¢’y 20 1

proliferation. After exceeding a threshold number of 25,08
CD14 cells (CD4/CD14 ratio 2:1), proliferation decreased. The 10
CD4/CD14 ratio was 4.3 in control PBMC, 0.9 in G-PBMC,
and 2.4 in aspirated marrown the presence of NAB IL-10,

G-PBMC-derived CD14 cells even at higher numbers (¥00 0 T T T T T

10® CD14 cells; CD4/CD14 ratio 1:2) were not suppressive. 25 50 100 200 300
Corresponding IL-10 levels in culture supernatants at the time

when the cultures were pulsed (day 4) are shown in Fig 2B. Number of responders (x 103)

IL-10 levels increased with increasing numbers of monocytes
added to the cultures. These data indicate that endogenouslyFig 1. Monocytes suppress OKT3-stimulated T-cell proliferation.
. . . 1 3 i

produced IL-10 is a mediator of monocyte-suppression of T-cell?) control PBMC at fixed numbers (100 x 10°) plus varying numbers

lif . . . | Is f of autologous control monocytes obtained by counterflow centrifu-
proliferation. Flgure.S 1C to E summarize levels for lﬁN' gal elutriation were cultured in flat-bottom 96-well plates precoated
TNF-o, and IL-lx in the same cultures generated in the with OKT3 antibody at a concentration of 50 ng/mL. Proliferation was
presence or absence of NAB IL-10. They show that IL-10 is ameasured on day 4 by *H-thymidine incorporation. Values represent
potent suppressor of inflammatory cytokine production in thesg"€ mean = SEM from triplicate cultures. (B) Unfractionated G-PBMC

ltures with the strongest inhibitory effect on IFN- (solid line) or CD14-depleted G-PBMC (dashed line) at increasing
cu L g y ! numbers were cultured in OKT3-coated 96-well plates. Cultures were

Neutralization of endogenous IL-10 can partially overcome puised and harvested as described above. Results from one of three
proliferative hyporesponsiveness in G-PBM@As reported  experiments are shown.
previously, unfractionated G-PBMC contained a several-fold
greater proportion of monocytes and showed substantiallypresence and absence of NAB IL-10 were initiated using paired
lower proliferative responses in MLC as compared with equiva-samples of unfractionated control and G-PBMC responders. As
lent numbers of unfractionated control PBMJo determine  shown in Fig 3B, proliferative hyporesponsiveness of G-PBMC
the role of endogenously produced IL-10 in causing prolifera-could be partially overcome when NAB IL-10 were added at

tive hyporesponsiveness of G-PBMC, allogeneic MLC in theinitiation of culture, in particular at high responder cell concen-
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Fig 2. Endogenously produced IL-10 suppresses OKT3-stimulated
T-cell proliferation and inflammatory cytokine production in cocul-
tures between G-PBMC-derived CD4 and CD14 cells. CD4 cells at fixed
numbers (50 x 10%) plus sorted CD14 cells at varying numbers were
cultured in flat-bottom 96-well plates precoated with OKT3 antibody
at a concentration of 50 ng/mL. (A) Proliferation was measured on
day 4 by ®H-thymidine incorporation in cultures with (dashed lines) or
without (solid lines) neutralizing antibodies to IL-10. Values represent
the mean = SEM from triplicate cultures. (B through E) Concentra-
tions of cytokines IL-10, IFN-y, TNF-e, and IL-1a as indicated were
determined at the time of the proliferation assay (day 4) by ELISA in
cultures without (solid lines) or with (dashed lines) neutralizing
antibodies to IL-10. Shown is the mean of duplicate ELISA determina-
tions using pooled supernatants from triplicate cultures.
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trations (100 and 20x 10° cells/200 pL). Neutralization of
IL-10 did not significantly increase proliferative responsiveness
when control PBMC responders were used (Fig 3A). Further-
more, neutralization of endogenous IL-10 did not increase
proliferation when sorted G-PBMC—derived CD4 responders
were used instead of unfractionated G-PBMC (Fig 3C and D).
Figure 4 summarizes changes in proliferative responses with
NAB IL-10 in allogeneic MLC in a larger series of experiments
comparing control PBMC (r= 6) with G-PBMC (n = 8)
responders. The meant(standard error of mean [SEM])
increase in proliferation with IL-10 neutralization was 1.71%
(= 5.90%) for control PBMC responders and 50.14% (
12.79%) for G-PBMC responders, respectively € .044,
paired t-test). Therefore, endogenously produced IL-10 is
partially responsible for proliferative hyporesponsiveness seen
with alloantigen-stimulated G-PBMC.

IL-10 mRNA expression in control and G-PBMQConstitu-
tive expression levels of IL-10 mRNA in unfractionated control
and G-PBMC and sorted populations of control and G-PBMC-
derived CD4 and CD14 cells were compared by RT-PCR (Fig
5). Mean quantitation values for duplicate amplification prod-
ucts (Fig 5A) were normalized againBpm as a control for
sufficient cDNA synthesis (Fig 5B). Two experiments with
paired samples from different normal donors showed that
relative expression of IL-10 mRNA was about 10-fold greater in
unfractionated G-PBMC compared with unfractionated control
PBMC (10.2v 1.0 relative units). Baseline IL-10 mRNA
expression in purified CD4 cells was almost undetectable.
Sorted CD14 cells had a strong signal and expression in

A B
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* 25 50 100 200 25 50 100 200
=
E.) 40 c 40 D
30 30
20 20
v
2
10 10

625 125 25 50 6.25 125 25 50

Responders x 103

Fig 3. Neutralization of endogenous IL-10 can partially overcome
proliferative hyporesponsiveness of G-PBMC in MLC. Unfractionated
control PBMC (A) and G-PBMC (B), or purified control CD4 cells (C)
and G-PBMC-derived CD4 cells (D) from one donor were used at
indicated numbers as responders with 100 x 103 irradiated (30 Gy)
allogeneic PBMC stimulators in MLC. Proliferation was measured on
day 5 by 3H-thymidine incorporation in cultures without (solid lines)
or with (dashed lines) neutralizing antibodies to IL-10. Values repre-
sent the mean = SEM from triplicate cultures. Shown is one of three
experiments with side-by-side comparison of unfractionated and
purified CD4 cell responders.
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G-PBMC-derived CD14 cells was approximately five times
greater than in control CD14 cells (20.83.30 relative units).
Hence, the strong constitutive mRNA signal for IL-10 in

unfractionated G-PBMC was due to the large number of CD14

cells, which also expressed qualitatively more IL-10 mRNA
than control CD14 cells.

Cytokine production by unfractionated control and G-PBMC
and purified monocytes.IL-10 levels were determined in
24-hour conditioned medium from unstimulated and LPS-
stimulated cultures (1.5< 1P cells/mL) (Fig 6). Baseline
production by unfractionated control PBMC (& 9) and
G-PBMC (n=9) was 72.9+ 35.6 pg/mL and 7.% 5.2 pg/mL,
respectively. LPS stimulation (1 pg/mL) increased IL-10 produc-
tion in control PBMC to 488.8£ 159.9) pg/mL, which was
6.7-fold above baseline and to 1428.4 378.0) pg/mL in

G-PBMC, which was 180.8-fold above baseline. The difference 407
in IL-10 production between stimulated products was statisti-

cally significant P = .036).

We then determined whether there were qualitative differ-
ences in production of cytokines IL-10, ILa1lL-8, and TNFe
between control and G-PBMC-derived CD14 cells. To mini-
mize the possibility of nonspecific activation through anti-

CD14 staining, monocyte-enriched fractions were prepared

without antibody labeling by cell sorting based on light
scattering characteristics. The purity of CD1dells obtained
was greater than 85%. As shown in Figs 6B and 7, there was
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Fig 4. Change of proliferative responsiveness of control and
G-PBMC with neutralization of endogenous IL-10 in MLC. In the
experiment, 10° (O) or 2 x 10° (@) unfractionated control (n = 6) or
G-PBMC (n = 8) responders plus 100 x 10° irradiated (30 Gy)
allogeneic PBMC stimulators were cultured in round-bottom 96-well
plates. Proliferation was measured on day 5 by 3H-thymidine incorpo-
ration as described in Materials and Methods. Values represent the
mean change of proliferation in triplicate cultures containing neutral-
izing antibodies to IL-10 compared with controls. *Only data points
derived from paired G-PBMC and control PBMC samples contributed
to the Pvalue (n = 6).
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Fig 5. Constitutive IL-10 mRNA and B,-microglobulin expression
in control and G-PBMC. (A) RT-PCR for IL-10 and B,-microglobulin was
performed from mRNA extracts of unfractionated PBMC or sorted
CD4 and CD14 cells as described in Materials and Methods. The purity
of sorted populations exceeded 96%. (B) Mean quantitations (Image-
Quant software) of duplicate amplification products were normalized
against signals obtained for B,-microglobulin. Shown is one of two
experiments using paired control and G-PBMC samples from each of
two donors.

trend for greater constitutive production of IL-10, lle:1IL-8,

and TNFea by CD14 cells isolated from G-PBMC (& 6)
compared with those isolated from control PBMCHrt). This
difference was statistically significant for constitutive secretion
of IL-8 (P = .007). However, LPS-induced secretion of these
cytokines was not significantly different between these two
groups. Thus, the approximately threefold higher LPS-induced
IL-10 levels in unfractionated G-PBMC compared with unfrac-
tionated control PBMC were due to differences in monocyte
guantity rather than quality.

DISCUSSION

The present study identifies IL-10 as a monocyte-derived
factor responsible for the suppression of T-cell proliferation and
inflammatory cytokine production in G-PBMC. This finding
extends our previous study that showed CDIdonocytes in
G-PBMC were able to suppress T-cell proliferation in a
dose-dependent and largely contact-independent fa$iofii-
ciently large numbers of monocytes from unmobilized blood
were also suppressive indicating that monocyte-mediated sup-
pression was mainly due to quantitative rather than qualitative
differences. Therefore, the 50-fold increase in monocyte num-
ber, and increased ratio of monocytes to T cells in G-PBMC
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2000 inhibits proinflammatory cytokine production by monocytes,
A potentially through autocrine mechanis#4® Finally, IL-10
has been shown to have direct, accessory cell-independent,
1500 % inhibitory effects on T-cell proliferation by interfering with IL-2

production?827and it may induce long-lasting antigen-specific
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Fig 6. IL-10 production by unfractionated control and G-PBMC and E
purified control and G-PBMC monocytes. (A) Unfractionated mono- ~
nuclear cells (1.5 x 108/mL), or (B) purified monocytes (0.5 x 10%/mL) (o)) 1500
were isolated as described in Materials and Methods and cultured in &
flat-bottom 96-well plates in the presence or absence of LPS at 3
indicated concentrations. Supernatants from triplicate cultures were [T 1000
harvested after 24 hours, pooled, and IL-10 levels were determined by pd
ELISA. (*) Indicates a Pvalue < .05 compared with control. =
500
may explain the hyporesponsiveness of G-PBMC when teste: 0
in vitro. . - - 1.0
Our interest in IL-10 as a potential factor causing prolifera- LPS (ugImL). 1.0 :
tive hyporesponsiveness in G-PBMC was prompted by its Control CD14 G-PBMC CD14
known immunosuppressive effects and the fact that monocyte (n=4) (n=6)
are a major source of this cytokid&!®IL-10 is also produced
by activated T cells, B lymphocytes, and keratinocyfe%.|t Fig 7. Production of IL-1a, IL-8, and TNF-a by purified control and

has been shown to be suppressive for T-cell activation and@-PBMC monocytes. Purified monocytes were isolated as described
proliferation by downregulating pivotal monocyte accessoryin Materials an_d Methods and cultured at 0.5 x 10%/mL in flat-bottom
functions such as costimulatory molecules B7-1 and B7-2, and®e!! Plates in the presence or absence of LPS (1 pg/mL). Superna-

. ! ants from triplicate cultures were harvested after 24 hours, pooled,
HLA class Il moleculeg’?® Furthermore, IL-10 is a potent ng cytokine levels were determined by ELISA. (*) Indicates a
inhibitor of Thy-cytokine production by T cell® but it also  Pvalue < .05 compared with control.
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anergy in T cell$8 Taken together, IL-10 is a potent negative  Taken together, our data suggest that monocytes in G-CSF—
regulator of the immune response, including reactions tomobilized blood products can suppress T-cell responsiveness
alloantigen. through production of IL-10. These findings might help to
In this report, we show that monocyte-suppression of OKT3-explain why the infusion of 10 times more T cells in G-PBMC
stimulated CD4 cell proliferation could be largely overcome by compared with marrow does not increase the incidence or
neutralizing the endogenously produced IL-10 (Fig 2). Further,severity of aGVHD. They may also raise the question as to
neutralization of endogenous IL-10 in allogeneic MLC in- whether all CD34-enrichment strategies for T-cell depletion are

creased proliferative responsiveness of G-PBMC by approxi-a reasonable clinical approach, as they can be accompanied by a

mately 50% without causing significant changes in proliferationloss of monocytes.
when control PBMC were used (Figs 3 and 4). This finding
corresponded to approximately threefold higher IL-10 levels in ACKNOWLEDGMENT
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