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Contrasting effects of myeloid dendritic cells transduced with an adenoviral vector
encoding interleukin-10 on organ allograft and tumour rejection
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SUMMARY

Mouse bone marrow-derived myeloid dendritic cells (DC) propagated in granulocyte-macrophage
colony-stimulating factor and transforming growth factor-$; (TGF-B,) (so-called “TGF-p DC’) are
phenotypically immature, and prolong allograft survival. Interleukin-10 (IL-10) has been shown to
inhibit the maturation of DC by down-regulating surface major histocompatibility complex (MHC)
class II, co-stimulatory and adhesion molecule expression. Genetic engineering of TGF-f DC to
overexpress IL-10 might enhance their tolerogenic potential. In this study, adenoviral (Ad) vectors
encoding the mouse IL-10 gene were transduced into B10 (H2°) TGF-p DC. Transduction with Ad-
IL-10 at a multiplicity of infection (MOI) of 50-100 resulted in a modest reduction in the incidence
of DC expressing surface MHC class II, CD40, CD80 and CDS86. Paradoxically, Ad-IL-10
transduction enhanced the allostimulatory activity of DC in mixed leucocyte reactions and
cytotoxic T lymphocyte assays, and increased their natural killer cell stimulatory activity. Systemic
injection of normal C3H recipients with Ad-IL-10-transduced B10-DC 7 days before organ
transplantation, exacerbated heart graft rejection and augmented circulating anti-donor alloanti-
body titres. Contrasting effects were observed in relation to tumour growth. All mice preimmunized
with Ad-IL-10-transduced, tumour antigen (B16F10)-pulsed DC developed palpable tumours,
associated with significant inhibition of splenic anti-tumour cytotoxic T lymphocyte generation.
Animals pretreated with control Ad-LacZ-transduced, B16F10-pulsed DC however, remained
tumour free. These findings are consistent with the multifunctional immunomodulatory properties

of mammalian 1L-10.

INTRODUCTION

The antigen-presenting function of dendritic cells (DC) is
associated with surface expression of major histocompatibility
complex (MHC) class II and co-stimulatory molecules, that
include CD40, CD80 (B7-1) and CD86 (B7-2)." In contrast to
mature DC, which are potent stimulators of T-cell activation
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and proliferation, immature DC deficient in surface co-
stimulatory molecules exhibit tolerogenic potential, both in
vitro® and in vivo.*”” Thus, mouse bone marrow (BM)-derived
DC propagated in granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF) and transforming growth factor-f;
(TGF-By) (so-called TGF-p DC), that are phenotypically
immature (MHC class 11T, CD40' CD80" CD86") can
induce antigen-specific T-cell hyporesponsiveness in vitro,
and prolong the survival of vascularized cardiac allografts in
a donor-specific manner.®® Although immature donor DC
exhibit tolerogenic potential, they fail to induce indefinite graft
survival.*>® This may be due to the up-regulation of surface
co-stimulatory molecules on the DC following their injection
and interaction with host T cells.>? Conceivably, strategies that
prevent or suppress the maturation of DC could enhance their
in vivo tolerogenicity, with potential therapeutic implications.

Interleukin-10 (IL-10) was initially identified as a T helper
type 2 (Th2) cell product that inhibited the synthesis of
cytokines, particularly IL-2 and interferon-y (IFN-y), by Thl
lymphocytes.!®!! Tt suppresses both T-cell proliferative and
cytolytic responses.'>!* These inhibitory effects appear to be
mediated by impairment of the stimulatory function of
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antigen-presenting cells (APC),'*!>

MHC class II and co-stimulatory molecule expression.
Moreover, IL-10 decreases the production of pro-inflammatory
cytokines, including tumour necrosis factor-oo (TNF-a), IL-1,
IL-6, IL-8 and IL-12 by APC.?>?! Thus, IL-10 has been
regarded as an immunosuppressive cytokine. We hypothesized
that overexpression of mouse IL-10 in TGF-$ DC, using a
genetic engineering approach, might enhance their tolerogeni-
city. In this study, myeloid DC propagated from mouse BM in
the presence of GM-CSF and TGF-B,were transduced with
adenoviral (Ad) vectors expressing cDNA encoding mouse IL-
10. IL-10-transduced cells exhibited modest down-regulation of
MHC class II, CD40, CD80 and CDS86 expression, but
enhanced capacity for allogeneic T-cell activation and
induction of natural killer (NK) cell activity. These Ad-IL-
10-transduced TGF-f DC exacerbated cardiac allograft
rejection. By contrast, Ad-IL-10-transduced tumour antigen-
pulsed DC showed diminished capacity to protect against
growth of the BI6F10 melanoma. The results are consistent
with the complex immunomodulatory properties of mamma-
lian IL-10. They are also in keeping with our contention'® that
the immunosuppressive action of IL-10 appears to be more
effective against indirect (tumour) than against direct (allo-)
antigen recognition.

via down-regulation of
16-19

MATERIALS AND METHODS

Mice

Ten- to 12-week-old male mice of the C57BL/10/J (B10; H2),
C3H/HeJ (H2") and BALB/c (H2%) strains were obtained from
The Jackson Laboratory, Bar Harbor, ME. They were
maintained in a specific pathogen-free facility of the University
of Pittsburgh Medical Center. Six- to 8-week-old, female
C57BL/6 (B6; H2®) mice purchased from Charles River
Laboratories (Montreal, Canada) were maintained at McMas-
ter University. The mice were provided with Purina rodent
chow, and tap water ad libitum.

Propagation of TGF-f DC

The culture and selection procedures used to generate and
purify DC were similar to those reported initially by Inaba
et al®* and were modified as described.>>** Briefly, freshly
isolated BM cells obtained from femurs of B10 or B6 mice were
cultured in 24-well plates (2 x 10%well) in 2 ml of RPMI-1640
(Life Technologies, Gaithersburg, MD) supplemented with
antibiotics and 10% v/v fetal calf serum (FCS) (Nalgene,
Miami, FL) (referred to subsequently as complete medium),
4 ng/ml recombinant mouse GM-CSF, and 0-2 ng/ml recom-
binant human TGF-B; (R and D Systems, Minneapolis, MN).
The DC were purified by centrifugation over metrizamide as
described,?® and referred to subsequently as TGF-p DC.®

Construction of recombinant Ad vectors expressing

mammalian (mouse) IL-10

A 1050-base pair (bp) fragment of mouse IL-10 cDNA was
excised from pCDSRa (obtained from the DNAX Research
Institute, Palo Alto, CA) by bamHI and HindIII digestion. The
shuttle plasmid pACCMYV, containing 0-17 map units of
human type 5 Ad genome with a human cytomegalovirus
(CMV) promoter (760 bp), multicloning sites and simian virus-
40 splicing junction/polyA signal (430 bp) inserted in the El

region of the viral genome, was double-digested with bamHI
and HindIIl. The IL-10 fragment was then subcloned into the
bamHI-HindIII site in pACCMYV using T4 ligase to obtain the
recombinant plasmid pACCMV-IL-10. This plasmid was
cotransfected into 293 cells, along with a plasmid pAdBHG10
containing most of the rightward sequences (3-7-100 map
units) of the human type 5 Ad genome with a partial deletion in
the E3 region. The recombinant, replication-deficient Ad was
rescued by homologous recombination. Ad-LacZ was used as
control. High titres of recombinant Ad were amplified,
purified, titrated and stored as described previously.?

Ad vector-mediated gene transfer

TGF-p DC cultured for 5 days as described above, were
transduced with Ad-LacZ for 2 hr at 50 or 100 multiplicities of
infection (MOI). Two days later, LacZ expression was
quantified by X-gal staining?’ to determine transduction
efficiency. The efficiency of IL-10 gene transduction was
determined on glass slides by immunocytochemical staining for
the gene product, using anti-mouse IL-10 monoclonal antibody
(mAb; clone JES5-16E3; PharMingen, San Diego, CA),
followed by biotinylated polyclonal anti-rat immunoglobulin
(1:100; PharMingen) and avidin-biotin complex—alkaline
phosphatase (ABC-AP; Vector, Burlingame, CA). Production
of IL-10 by the transduced DC was determined by enzyme-
linked immunosorbent assay (ELISA) measurement of mouse
IL-10 in the supernatants of 10° DC cultured for 24-hr periods
from 0, 24 and 48 hr after gene transfer.

Flow cytometric analysis

Cells (5 x 103/tube) were stained for MHC class II expression
using biotin-conjugated mouse anti-mouse IA® mAb (IgG2a,
PharMingen), with fluorescein isothiocyanate (FITC) strepta-
vidin as the secondary reagent. For identification of co-
stimulatory molecules, primary hamster or rat mAbs, including
anti-mouse CD40, CD80, or CD86 (PharMingen) followed by
FITC-conjugated goat anti-hamster IgG, or goat anti-rat
IgG2a were used as described.”®* FITC-conjugated, isotype-
matched irrelevant mAbs were used as negative controls. After
staining, the cells were fixed in 1% paraformaldehyde in saline,
and then analysed using an EPICS ELITE flow cytometer
(Coulter Corporation, Hialeah, FL). Five thousand events
were acquired for each sample.

Mixed leucocyte reactions (MLR)

One-way MLR cultures were performed in triplicate in 96-well,
round-bottom microculture plates (Corning, Corning, NY).
Nylon wool-eluted spleen T cells (45 min, 37°) were used as
responders (2 x 10°/well). Graded doses of y-irradiated (20 Gy;
X-ray source) DC were used as stimulators. Cultures were
maintained in RPMI-1640 complete medium, for 72 hr in 5%
CO, in air. [’H]TdR (1 pCi/well) was added for the final 18 hr,
and incorporation of [PHJTdR into DNA was assessed by
liquid scintillation counting. Results were expressed as mean
counts per minute (c.p.m.)+ 1SD.

Cytotoxic T Iymphocyte (CTL) assays

For allogeneic CTL assay, freshly isolated spleen cells from
normal C3H mice were cultured with y-irradiated (20 Gy) B10-
DC (ratio 10: 1) for 5-7 days, then used as effectors. EL4 (H2P)
lymphoma cells [TIB39; American Type Culture Collection
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Figure 1. Expression of IL-10 in TGF-f DC transduced with Ad-IL-
10. B10 bone marrow-derived DC were propagated in the presence of
GM-CSF and TGF-B,; for 5 days, and then transduced with (a) Ad-
LacZ or (b) Ad-IL-10 at 50 MOI as described in the Materials and
Methods. An avidin—biotin complex—alkaline phosphatase immunocy-
tochemical staining procedure was used to identify intracellular IL-10,
as seen in (b); counterstained with fast red. Magnification: x 70
(a); x 140 (b).

(ATCC) Rockville, MD], were used as donor-specific targets.
The P815 (H2%) mouse mastocytoma cell line (TIB64; ATCC),
and the R1.1 (H2Y) lymphoma cell line (TIB42; ATCC), were
used as third party (specificity) and syngeneic controls,
respectively. For quantification of CTL against tumour
antigen, spleen cells harvested from mice 14 days after
immunization with B16F10-DC or B16F10/Ad-IL-10-DC were
cultured with B16F10 cells (ratio of 30-50: 1) for 5 days, then
used as effectors. BI6F10 cells were used as targets and were
labelled (4 x 10 with 100 uCi Na251CrO, (New England
Nuclear, Boston, MA). They were washed and plated at a
concentration of 5 x 10? cells/well in 96-well, round-bottomed
culture plates (Corning). Serial, two-fold dilutions of effector
cells were added to give effector : target (E: T) ratios of 100: 1,
50:1,25:1 and 12-5:1 in a total volume of 200 ul/well. The
percentage of specific >'Cr release was determined after
incubating the plates for 4 hr at 37° in RPMI-1640 complete
medium in 10% CO; in air. An aliquot (100 pl) of supernatant
was recovered from each well after centrifugation at 500 g for
1 min. Maximum >'Cr release was determined by osmotic
lysis of the target cells. The per cent specific cytotoxicity
was calculated using the following formula: % cytotoxicity =
100 x [(experimental c.p.m.)—(spontaneous c.p.m.)]/[(maxi-
mum c.p.m.) — (spontaneous c.p.m.)]. The results are expressed
asmeans + 1SD of percentage-specific >'Cr release in triplicate
cultures.

Quantification of NK cell activity
Lysis of YAC-1 tumour cells (ATCC) detected by a 4-hr >'Cr-
release assay was used as an indicator of NK cell activity.
Calculation of the per cent cytotoxicity was similar to that for
CTL activity, as described above.

Heterotopic heart transplantation
Surgical procedures were performed under inhalation anaes-
thesia using methoxyflurane (Pitman-Moore, Atlanta, GA).
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Vascularized heterotopic cardiac transplantation to an abdom-
inal site was performed as described previously.?® The heart
graft was monitored daily by abdominal palpation. Total
cessation of cardiac muscle contraction was defined as
rejection, which was confirmed by histological examination.

Tumour cell lines

BI16F10 (H2b), a subclone of the spontaneously occurring
murine melanoma B16, and EL4 (H2%), a T-lymphoma cell
line, were both obtained from the ATCC, and cultured in
modified Eagle’s medium (MEM; Gibco-BRL, Gaithersburg,
MD), supplemented with 10% v/v FCS, 2 mm L-glutamine,
100 units/ml penicillin, and 100 pug/ml streptomycin.

Preparation of tumour cell extract and pulsing of DC with
tumour antigen

B16F10 tumour cell extract was prepared as described
previously.”” B6 BM-derived TGF-p DC, propagated for
4 days as described above, were incubated with tumour extract
at 37° for 18 hr in complete MEM at a ratio of 10° DC to the
extract from 5 x 10° BI6F10 tumour cells.

DC immunization and monitoring of tumour growth

B6 mice were injected intraperitoneally (i.p.) with 10° DC
pulsed with tumour antigen (B16F10-DC), or with B16F10-DC
transduced with Ad-LacZ (B16 F10/Ad-LacZ-DC) or Ad-IL-
10 (B16F10/Ad-IL-10-DC). After 14 days, each animal was
challenged with 10* B16F10 tumour cells by subcutaneous
injection in the right hind flank. The injection site was
monitored daily for tumour growth, and the incidence of
tumour-free animals was recorded.

Complement-dependent cytotoxic antibody activity

Serum samples from organ transplant recipients were incu-
bated at 56° for 30 min to inactivate complement. Thereafter,
they were diluted serially in round-bottomed, 96-well microtitre
plates (Corning) in Hanks’ balanced salt solution (HBSS)
containing 0-1% w/v bovine serum albumin (Sigma). Splenic
target cells (5 x 10%) from B10 (donor; H2®), BALB/c (third-
party; H2%), or C3H mice (syngeneic; H2¥) were added to each
well, and the plates were incubated for 1 hr at room
temperature. The cells were then washed twice in HBSS, and
100 ul of baby rabbit complement (Cedarlane, Hornby,
Ontario) was added to each well. The plates were maintained
for 30 min at 37° in 5% CO, in air, washed twice with
HBSS and the cells were incubated for an additional 3 hr in
100 pI HBSS supplemented with 10% FCS and 20 pl
3-[4,5-dimethylthiazol-2-yl]-3,5-diphenylformazan (MTT;
Sigma). At the end of the incubation period, the cells were
washed twice, and 150 pl dimethyl sulphoxide (Sigma) was
added to each well. MTT formazan was dissolved by shaking
the plate vigorously, followed by centrifugation at 1430 g for
1 min. Optical density was measured at 550 nm, using a kinetic
microplate reader (Molecular Devices, Menlo Park, CA).

Statistical analyses

The significance of difference between means was determined
using Student’s z-test. A P value <0-05 was considered
significant.
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Figure 2. Flow cytometric analysis of TGF-B DC propagated from B10 (H2®) bone marrow for 5 days and then transduced with Ad-
LacZ or Ad-IL-10 (50 MOI), as described in the Materials and Methods. Data indicate the incidence of cells expressing molecules of
interest on the cell surface (a), and the mean fluorescence intensity of these positive cells (b). The data are means + 1SD of three

separate experiments.

RESULTS
Efficiency of Ad-IL-10 transduction of TGF-p DC

Ad vector transduction efficiency was consistently >80% at 50
or 100 MOI, as determined by X-gal staining following
transduction with Ad-LacZ (data not shown). This was similar
to the transduction rate achieved with Ad-LacZ in mature
mouse BM-derived DC.?” The expression of IL-10 protein in
DC was confirmed by immunocytochemical staining of
cytocentrifuge preparations with anti-mouse IL-10 mAb,
which showed strong expression of the IL-10 gene product in
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Figure 3. Ad-IL-10 transduction enhances the allostimulatory function
of TGF-B DC. Unmodified, bone marrow-derived TGF-p DC (B10,
H2%) or DC transduced with either Ad-LacZ or Ad-IL-10 (50 MOI),
were tested as stimulators of naive, allogeneic (C3H, H2¥) T cells in
3-day MLR. Data are mean c.p.m. + 1SD of triplicate cultures, and are
representative of three separate experiments.

the DC transduced with Ad-IL-10 (Fig. 1), and by quantifica-
tion of IL-10 production by transduced Ad-IL-10 DC using
ELISA. While 1 x10® DC transduced with Ad-IL-10 at 100
MOI then cultured in 1 ml complete medium for 24 hr, from 0,
24, or 48 hr after gene transfer produced 10-2+1-2, 15-7+2-4
and 12-8+1-9 ng of IL-10, respectively, the Ad-LacZ-trans-
duced DC produced only trace amounts of IL-10 (0-29+0-2,
0-18+0-1 and 0-22+0-4 ng, respectively). This confirmed
sustained production of the transgene product (mouse IL-10)
for at least 72 hr after gene transfer.

Phenotypic changes in TGF-p DC transduced with Ad-IL-10
vectors

DC propagated from B10 mouse BM in GM-CSF + TGF-§,
for 5 days were phenotypically immature. As reported
previously,® they expressed high surface levels of the mouse
DC-restricted antigens (CD1lc and DEC205) (data not
shown), moderate MHC-class II (IA®), but low CD40, CD80
and CD86. The influence of Ad-LacZ or Ad-IL-10 trans-
duction on the expression of cell key surface antigens was
ascertained by flow cytometric analysis of the incidence of
positive cells and the mean fluorescence intensity (MFI). Ad-
LacZ gene transduction increased the MFI of CD40+,
CD80+ and CD86+ cells (Fig. 2a). Transduction with Ad-
IL-10 did not reverse the effect of Ad on MFI but reduced the
incidence of CD80, CD86 and MHC class I/II positive cells
compared with control gene transduction (Fig. 2). These effects
of gene transfer were comparatively modest.

Overexpression of IL-10 enhances DC allostimulatory activity
in MLR

The allostimulatory activity of control and Ad-IL-10-trans-
duced B10-DC was tested in vitro in one-way MLR, using C3H
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Figure 4. TGF-p DC transduced with Ad-IL-10 (50 MOI) show
markedly increased capacity to induce the generation of (a) CTL
and (b) NK cell activity. Bone marrow-derived TGF-p DC (B10; H2%)
were transduced with either Ad-LacZ or Ad-IL-10. (a) The DC were
used as stimulators of CTL induction in 6-day MLR, with naive C3H
(H2%) T cells as responders. Non-transduced DC were used as controls.
Cytotoxicity against EL4 targets (H2®) was determined at various
effector : target cell ratios in a 4-hr >'Cr-release assay. (b) The DC were
used as inducers of NK cell activity in 6-day MLR, with naive C3H
(H2¥) spleen cells as responders. Non-transduced DC were used as
controls. Cytotoxicity against YAC-1 targets was determined at various
effector : target cell ratios, in a 4-hr >'Cr-release assay. Data are means
+ 1SD of triplicate cultures, and are representative of three separate
experiments.

splenic T cells as responders. Non-transduced and Ad-LacZ-
transduced DC were used as controls. Although transduction
with the Ad vector encoding the reporter gene LacZ (at
50 MOI) marginally increased expression of surface co-
stimulatory molecules on the DC (as described above), it did
not enhance their allostimulatory activity, as shown in Fig. 3.
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However, allogeneic T-cell proliferation was enhanced sig-
nificantly by stimulation with Ad-IL-10-transduced DC
(Fig. 3), even though transduction with Ad-IL-10 reversed
the minor increase in expression of co-stimulatory molecules
induced by Ad-LacZ (Fig. 2). Thus, in contrast to the well-
documented capacity of exogenous IL-10 protein to reduce DC
allostimulatory activity,’®*! increased endogenous production
of IL-10 by DC as the result of gene transfer enhanced their
allostimulatory function. It is also apparent that (minor)
changes in co-stimulatory molecule expression by DC follow-
ing Ad-mediated gene transfer are not correlated with the
allostimulatory function of the cells.

DC transduced with Ad-IL-10 stimulate strong alloantigen-
specific CTL and NK cell activities in allogeneic spleen cell
populations

To determine the CTL activity of T cells stimulated by Ad-IL-
10-transduced DC, C3H spleen T cells were cultured with v-
irradiated (20 Gy) B10 Ad-IL-10-transduced DC at a ratio of
10:1 for 5-7 days, then used as effectors in a 4-hr SCr-release
assay. Compared with non-transduced and Ad-LacZ-trans-
duced DC, which exhibited similar low levels of activity, Ad-
IL-10-transduced DC elicited significantly enhanced CTL
activity against allospecific (EL4) targets (Fig. 4a). No specific
CTL activity was generated against syngeneic or third-party
targets (data not shown). NK cell activity was determined by a
4-hr >'Cr-release assay, using YAC-1 tumour cells as targets.
No significant NK-cell activity was detected in spleen cells
stimulated with Ad-LacZ-transduced DC, whereas spleen cells
cultured with Ad-IL-10-transduced DC exhibited NK cell
activity that was related to the E : T ratio tested (Fig. 4b). These
results indicate that transduction of DC with Ad-IL-10 not
only enhances their capacity to induce alloantigen-specific CTL
activity, but also augments their ability to induce non-specific
(non-MHC-restricted) NK cell activity.

Ad-IL-10-transduced DC exacerbate cardiac allograft rejection

Next, the in vivo allostimulatory activity of Ad-IL-10-trans-
duced DC was determined by the capacity of Ad-transduced
TGF-B DC to modulate the survival of B10 vascularized heart
grafts in C3H recipients as described.® Seven days before B10
cardiac transplantation 2 x 10® B10 BM-derived TGF-f DC
transduced with Ad-IL-10 or Ad-LacZ (control) were admi-
nistered intravenously to C3H recipients (we had demonstrated
previously® that administration of donor immature DC 7 days
before cardiac transplantation achieved maximal prolongation
of graft survival). Compared with Ad-LacZ-transduced DC,
which significantly prolonged graft survival in a similar fashion
to unmodified TGF-f DC [median survival time (MST)
16 days, compared with 7 days in unmodified recipients;
P<0-01], Ad-IL-10-transduced DC exacerbated rejection
(MST 5 days; P<0-01) (Fig. 5). Histological examination of
the rejected grafts, revealed no irrefutable evidence of humoral
rejection in animals treated with Ad-IL-10-transduced DC.
Taken together, the data show that over-expression of IL-10 in
immature donor DC by Ad-mediated gene transfer enhances
their allostimulatory activity, both in vitro and in vivo.
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Ad-IL-10-transduced DC augment cytotoxic alloantibody
production in cardiac allograft recipients

We examined circulating, anti-donor, complement-dependent
cytotoxic antibody levels in sera of the variously treated cardiac
allograft recipients. As shown in Fig. 6, pretreatment (day 7)
with donor-derived TGF-$ DC transduced to overexpress 1L-
10 augmented anti-donor alloantibody titres, determined
4 days after cardiac transplantation. DC treatment without
heart transplantation generated low titres of cytotoxic alloanti-
body (target cell killing <10%) and there was no significant
difference between groups of mice given Ad-LacZ-transduced
DC compared with control DC (data not shown).

IL-10 gene transduction inhibits the anti-tumour effect of
tumour antigen-pulsed DC

To determine the influence of Ad-IL-10 transduction on the
anti-tumour activity of DC, B6 mice were injected i.p. with 10°
DC pulsed with tumour antigen (B16F10-DC), or with antigen-
pulsed DC transduced with Ad-LacZ or Ad-IL-10. After
14 days, each animal was challenged by subcutaneous injection
of 10* B16F10 cells in the right hind flank. Tumour appearance
and the incidence of tumour-free mice were monitored daily.
Without DC treatment, all mice developed tumours within
7 days (Fig. 7). In contrast, all animals pretreated with non-
transduced or Ad-LacZ-transduced B16F10-DC remained
tumour-free by day 40 after tumour cell inoculation (Fig. 7).
However, mice immunized with Ad-IL-10-transduced B16F10-
DC each developed tumours by day 40 (50% by day 15). As
shown in Fig. 8, the generation of CTL in spleens of animals

W.-C. Lee et al.

immunized with Ad-IL-10-transduced BI16F10-DC was
significantly inhibited compared with control Ad-LacZ-
transduced B16F10-DC recipients, which exhibited marked
anti-tumour CTL activity.

DISCUSSION

The present studies demonstrate that overproduction of
endogenous IL-10 by immature DC induced by Ad-mediated
gene transfer exerts complex effects on DC biology. Transduc-
tion of the IL-10 gene only slightly inhibited surface expression
of MHC class II, as well as CD40, CD80 and CD86 on
immature TGF-f DC. Paradoxically, IL-10 gene transfer
significantly enhanced the allostimulatory activity of the cells,
both in vitro and in vivo, as demonstrated by elevated donor-
specific MLR and CTL responses (Figs 3 and 4a), and
exacerbation of cardiac allograft rejection (Fig. 5). These
findings disagree with the effect of addition of exogenous
murine IL-10 or viral IL-10 protein on the allostimulatory
function of DC. Thus, exogenous murine IL-10 or viral IL-10
has been reported to inhibit both T-cell proliferative and
cytotoxic responses'>!? by suppressing the function of APC.'
19:31 This apparent contradiction may reflect the complex and
multifunctional roles of IL-10. Thus, DC endocytic and
chemotactic migratory capacities can be increased by IL-
10.32 On the other hand, its effects on T-cell responses have
been shown to be influenced by timing of exposure to the
cytokine and dosage. In contrast to low-dose IL-10, high-dose
post-transplant administration of exogenous IL-10 can exacer-
bate mouse cardiac allograft rejection.!>** We observed that
Ad-IL-10 gene transduction achieved comparatively high
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Figure 5. Influence of Ad-IL-10 transduction on the capacity of TGF-$ DC to prolong allogeneic vascularized organ graft survival.
Bone marrow-derived TGF-B DC (B10; H2®) were transduced with either Ad-LacZ or Ad-IL-10 then injected (2 x 10%) intravenously,
7 days before C3H (H2) recipients received B10 cardiac allografts. Non-transduced DC were used as controls. Graft survival in the
Ad-IL-10 DC group was reduced significantly compared with either the non-transduced DC or Ad-LacZ-transduced DC groups

(P<0-01). Numbers of mice per group are shown in parentheses.
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Figure 6. Serum complement-dependent lymphocytotoxic antibody
titrrs against B10 (H2®) targets in normal C3H (H2Y) mice (no
transplant), or C3H recipients of B10 heart allografts, pretreated (day
7) with unmodified B10 TGF-b DC, Ad-LacZ-transduced DC (Ad-
LacZ), or Ad-1L-10-transduced DC (Ad-IL-10). The sera were
obtained 4 days after cardiac transplantation. The results (means
+ ISD) are representative of two separate experiments, with three
animals per group at each time point.

production of IL-10 by DC, that was sustained over several
days in vitro. Thus, interactions between DC and allogeneic
T cells in the presence of high local levels of IL-10 may favour
enhanced T-cell responses. Indeed, IL-10 is known to promote
proliferation of CTL precursors,”® and systemic administration
of IL-10 induces specific, and long-lasting anti-tumour
responses.** Moreover, IL-10 has been reported to act as a
co-stimulator of B-cell growth and differentiation, and to
enhance immunoglobulin production.?® Indeed, in the present
study, exacerbation of allograft rejection was accompanied by
augmentation of circulating anti-donor alloantibody titres. The
augmentation of allostimulatory activity of IL-10-transduced
DC may also reflect the alteration of DC status by infection
with Ad vector.>> Moreover, whereas IL-10 can suppress
alloimmune responses by inhibition of the maturation of
immature DC, fully mature DC lose sensitivity to IL-10.*

On the basis of our investigation, transduction with Ad-
LacZ (at least at 50 MOI) appears not to promote the
phenotypic maturation of immature TGF-B DC, as shown
by the incidence of cells expressing MHC class II and co-
stimulatory molecules (Fig. 2). Others have reported that
recombinant Ad does not perturb human DC maturation,’’ or
in contrast, that recombinant Ad enhances the immunostimu-
latory function of human DC by increasing their co-
stimulatory and antigen-presenting functions, without trigger-
ing IL-12 secretion.®® In the latter study, much higher MOI
were used to infect DC than were employed in the present
investigation.

The present studies demonstrate differential effects of
Ad-IL-10-transduced immature DC on anti-allograft and anti-
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Figure 7. Influence of Ad-IL-10 transduction on the anti-tumour
activity of tumour antigen-pulsed DC. B6 mice were either untreated
(no DC; n=8) or injected i.p. with 10° TGF-B DC, that had been pulsed
with BI6F10 tumour antigen, and transduced with Ad-LacZ (n=38), or
Ad-IL-10 (n=8), 14 days before challenge with 10* B16F10 tumour cells
by subcutaneous injection. Non-transduced DC pulsed with tumour
antigen gave similar results to those shown for Ad-LacZ DC (data not
shown). Data are percentages of tumour-free animals in each group.

(syngeneic) tumour responses. Pre-transplant administration of
Ad-IL-10 DC exacerbated mouse cardiac allograft rejection
(Fig. 5), whereas pretreatment of mice with tumour antigen-
pulsed Ad-IL-10 DC reduced the anti-tumour effect observed
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Figure 8. Influence of Ad-IL-10 transduction of tumour antigen-
pulsed TGF-B DC on the tumour-specific cytotoxic activity induced by
these cells in spleens of immunized mice. Effector cells were harvested
from mice 14 days after immunization with tumour antigen-pulsed DC
transduced with either Ad-LacZ or Ad-IL-10. They were cultured with
tumour target cells for 5 days. Cytotoxicity against tumour antigens
was determined in a 4-hr >'Cr-release assay. Data are means + 1SD of
triplicate cultures, and are representative of three separate experiments.
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with tumour antigen-pulsed Ad-LacZ-transduced DC (Fig. 6).
Although we found no convincing histological evidence
that the rapid rejection of cardiac allografts in the Ad-IL-
10-transduced DC treated group was humorally mediated,
circulating cytotoxic alloantibody titres were elevated in this
group. Thus, an antibody-mediated effect cannot be excluded
as a factor (in addition to enhanced anti-donor T-cell
responses) to explain the exacerbated allograft rejection. Since
it has been reported that tumour cells treated with IL-10, or
transfected with the IL-10 gene, show reduced expression of
MHC class I, and low sensitivity to specific CTL-mediated
lysis,**** such down-regulation of MHC class I expression by
IL-10 could conceivably contribute to defects in antigen
recognition and impaired resistance to tumour growth. Taken
together, these findings with IL-10-transduced myeloid DC
reflect the complex immunomodulatory effects previously
described for the native protein.?’
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