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Introduction

Summary

There is very limited published information testifying to the safety and possible
complications of cell-based therapies. Accurately assessing the potential risks of
translating novel, cell-based immunosuppressive protocols into clinical trials is
therefore extremely difficult. This report describes the use of a pulmonary allo-
graft model in outbred miniature pigs as a preliminary step in the development
of a safe, clinically feasible, cell-based immunosuppressive protocol. Single lung
transplants were performed in 22 MHC Class I-mismatched donor—recipient
pairs, which were randomized between four treatment groups. For the first
28 days postoperatively, all animals were immunosuppressed with methyl-
prednisilone and tacrolimus, with or without preoperative irradiation; subse-
quently, pharmacological immunosuppression was stopped in all treatment
groups. Animals in two groups also received a central venous infusion of
donor-derived ‘transplant acceptance-inducing cells’ (TAICs) on the seventh
and 14th days postoperatively. Allograft survival was monitored by sequential
chest X-rays, bronchoscopies and transbronchial biopsy histologies. No acute
adverse events were associated with the administration of TAICs and there was
no evidence of accelerated graft rejection. The observations presented in this
report represent an important first step towards the development of a clinically
applicable protocol for the use of TAIC therapy in lung transplantation.

donor or recipient, that these cells should be subjected to
the least possible manipulation to minimize the rate of

There is growing interest in the possibility of establishing
transplantation tolerance by adoptive transfer of toler-
ance-inducing cell types produced ex vivo [1-12]. If such
strategies are ever to represent a clinically viable approach
to transplant immunosuppression, it is immediately clear
that the substrate cells must be readily obtained from

technical failure and cost, and that the therapeutic cells
should be readily and effectively transferred into patients.
These clinical considerations have underpinned research
efforts in our laboratories and led to the identification of
‘transplant acceptance-inducing cell’ (TAIC) as a cell type
which is particularly suitable for clinical use [1-4,13-17].
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The TAIC is a type of immunoregulatory macro-
phage with the capacity to suppress mitogen-stimulated
T-cell proliferative responses (Hutchinson JA et al
unpublished data). These cells can be readily identified
by their characteristic morphology and cell-surface mar-
ker phenotype, which overlaps with, but does not cor-
respond exactly to, that of previously described
macrophage subsets. Human TAICs express higher levels
of CD86 and HLA-DR than resting macrophages, but
lower levels than classically activated macrophages, and
are distinguished from M1- and M2-polarized macro-
phage subsets by the CD14°"~CD16 CD32'CD64"
TLR2"CD163'°*'~CD206" phenotype. Previous work has
shown that acquisition of this phenotype depends upon
adherence to tissue culture plastic and an undefined
component of human serum.

Two Phase-I clinical safety trials of TAICs as an
adjunct immunosuppressive therapy in renal transplan-
tation have been undertaken: the TAIC-I and TAIC-II
trials [1,2]. These trials demonstrated that TAIC admin-
istration is both safe and clinically feasible, and the
clinical outcomes of patients in the TAIC-II trial sug-
gested that preoperative TAIC administration can estab-
lish a donor-specific state of prope tolerance in the
recipient [1-4]. Of course, there is an obvious difficulty
in adapting the tolerance-inducing protocol used in liv-
ing donor kidney transplantation to deceased donor
lung transplantation, namely, that preoperative adminis-
tration human TAICs is impractical. However, studies
in a nonimmunosuppressed mouse heterotopic heart
transplant model have demonstrated that TAIC admin-
istration on the fifth day postoperatively conferred
a benefit in terms of allograft survival (S. Inoue et al
Abstract #1042, American Transplant Congress 2006,
Boston, MA). Therefore, the objective of the current
preclinical study was to assess the feasibility and safety
of a treatment protocol involving the postoperative
infusion of TAICs which might be applied in clinical
lung transplantation.

The first part of this report describes the morphology
and cell surface phenotype of porcine TAICs and draws
comparisons with human TAICs. The second part
describes a preliminary preclinical trial of postoperative
administration of porcine TAICs as a tolerance-inducing
therapy in Gottinger minipigs which received a
left-sided pulmonary allograft. This study took the form
of a prospective, randomized controlled trial. The
primary objective of this study was to assess the safety
of TAIC administration in a preclinical transplantation
model. The secondary objective was to monitor graft
survival in transplant recipients treated with TAICs as
part of a clinically practicable immunosuppressive
protocol.

© 2008 The Authors
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Materials and methods

Animals

Forty-eight animals (aged 12-15 months) were selected
from an outbred specific pathogen-free (SPF-) Gottinger
minipig herd, consisting of eight distinct breeding lines
(Ellegaard, Dalmose, Denmark). Animals from different
breeding lines were tissue-typed prospectively using
a lymphocytotoxic assay. Subsequently, donors and recipi-
ents were mismatched for the MHC class I DC 80 and
HO04 haplotypes [18] and for reactivity with the MHC
class I haplotyped specific monoclonal antibody 74-11-10.
All animals received humane care in compliance with the
German animal protection legislation, the ‘Principles of
Laboratory Animal Care’, and the ‘Guide for the Care
and Use of Laboratory Animals’ prepared by the Institute
of Laboratory Animal Resources, National Research
Council, and published by the National Academy Press,
revised 1996.

Surgical technique

The surgical technique of left-sided single lung transplan-
tation in pigs has been described elsewhere [19]. Briefly,
lungs were harvested from donor animals (15-25 kg) after
Euro-Collins cold flush perfusion. A permanent vascular
access double-lumen 3.2 mm Quinton atrial catheter was
inserted into the right jugular vein of recipient animals
(15-25 kg). After thoracotomy in the fourth intercostal
space the left lung was removed. The allogeneic lung was
then transplanted using a telescoping bronchial anasto-
mosis technique with running posterior wall and inter-
rupted anterior wall 4-0 polydioxanone sutures. The
venous atrial cuff and the pulmonary artery were anasto-
mosed with running polypropylene sutures. After closure
of the thorax and extubation, the animals were put in
sterile wooden boxes and provided with heating lamps
and drinking water.

Preparation of pig TAICs for cell therapy and phenotypic
characterization

Transplant acceptance-inducing cells were generated from
peripheral blood mononuclear cells (PBMC) of donor
animals following a protocol adapted from Hutchinson
et al. [1]. Briefly, heparinized blood was drawn from
male donor animals at the time of lung harvest and
mononuclear cells were isolated by gradient centrifugation
(Ficoll-Paque; Amersham Pharmacia Biotech AB, Uppsala,
Sweden). The cells were cultured for 5 days in RPMI
1640 medium containing 10% fetal calf serum (FCS;
Gibco, Karlsruhe, Germany) and 5 ng/ml recombinant
human M-CSF (R&D Systems, Wiesbaden-Nordenstadt,
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Germany). After 1 and 3 days, cultures were gently
washed to select for adherent cells and fresh medium was
added to the adherent cell layer. On day 4, 25 ng/ml
recombinant porcine interferon (IFN)-y (R&D Systems)
was added to the cultures for 16-20 h. The next day, the
adherent cell fraction was harvested with a cell scraper,
washed before use and infused intravenously on the sev-
enth and 14th day postoperatively. Cell doses adminis-
tered to each animal are given in Table 1. The numbers
of viable cells given to each animal ranged between
1.1 X 10° and 13.0 x 10° because of both the number and
quality of the substrate monocytes, which varied between
donors, and variations in the ex vivo manipulation of the
cells, particularly their harvesting. On-going technical
refinements of the production and administration of
human TAICs have been discussed elsewhere. In some
experiments, porcine macrophages were generated in
TAIC medium containing M-CSF, as described above, but
either 10% human AB serum (hABS; Lonza, Verviers,
Belgium) or 10% autologous pig serum (Ellegaard) was
used instead of FCS.

Warnecke et al.

Flow cytometry

Harvested cells were washed twice in ice-cold staining
buffer (DPBS with 10% BSA and 0.02% NaN3) before
blocking with 10% FcR Block (Miltenyi, Bergisch Glad-
bach, Germany) for 30 min on ice at a density of
107 cells/ml. Directly conjugated primary antibodies were
applied at a final concentration of 1 ug/10° cells, unless
otherwise directed by the supplier. Antibodies with the
following specificities were used: CD14 (clone MIL-2;
ADbD Serotec, Oxford, UK), CD16 (clone G7; AbD Sero-
tec), CD18 [Becton Dickinson (BD), #555924, Heidelberg,
Germany]. 7-AAD (BD, #559925) was used for dead cell
exclusion. FACS analyses were performed with a BD
FACS Calibur machine and data were recorded and anal-
ysed using Cell Quest software (BD).

Technique of irradiation and immunosuppression

Irradiation consisted of adjusted whole body irradiation
(1.5 Gy total dose) and thymic irradiation in a cervico-

Table 1. Clinical outcomes of pulmonary allograft transplantation in minipigs.

Animal Time of trial Clinical outcome Histological grading Chest X-ray score SLA-haplotype TAICs
exit (days) mismatches (x10° cells)
Group 1: Pharmacological immunosuppression alone
PO1 25 Cachexia A0 1 1
P02 83 Acute rejection A3 3 1or2
PO3 93 Acute rejection A3 3 Tor2
P04 154 Acute rejection Ad 2 2
PO5 188 Chronic rejection Al 3 1
P06 343 Chronic rejection Al 3 2
Group 2: Pharmacological immunosuppression plus irradiation
PO7 49 Septicaemia A0 0 Tor2
P08 68 Acute rejection A4 4 1or2
P09 69 Acute rejection A3 4 1or2
P10 92 Acute rejection A3 4 1or2
P11 130 Acute rejection A3 3 1or2
P12 700 Alive AO 0 1
Group 3: Pharmacological immunosuppression plus postoperative TAIC administration
P13 13 Septicaemia A0 1 Tor2 13.0
P14 16 Septicaemia A0 2 1 8.0
P15 84 Acute rejection Ad 4 2 2.5
P16 99 Acute rejection Ad 3 1 1.1
P17 131 Acute rejection A3 4 2 2.0
P18 727 Elective sacrifice A0 0 1or2 2.5
Group 4: Pharmacological immunosuppression plus irradiation and postoperative TAIC administration
P19 65 Anaemia A0 3 Tor2 1.4
P20 97 Acute rejection A2 3 1or2 5.0
P21 100 Acute rejection A2 4 2 NA
P22 307 Elective sacrifice Al 2 1 3.0
P23 342 Acute rejection A4 4 1 NA
P24 1199 Elective sacrifice A0 2 1or2 13.0

NA, data not available.
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sternal field of 6 cm width and 12 cm length (7.0 Gy total
dose) using a linear accelerator (Mevatron, Siemens,
Germany) within 12 h before lung transplantation.

Intravenous  pharmacological ~ immunosuppression
included 1.5 mg/kg/day methylprednisolone and tacroli-
mus (Fujisawa, Osaka, Japan) adjusted to blood trough
levels of 16-26 ng/ml. Tacrolimus blood trough levels
were monitored daily using a radioimmunoassay. Empiric
intravenous antibiotic therapy consisted of 200 mg/day
Ciprofloxacin (Bayer, Ludwigshafen, Germany). All
immunosuppressive therapy was withdrawn on the 27th
day postoperatively.

Experimental groups

The recipients were assigned to four different treatment
groups (Table 1). All animals received a lung allograft, as
described above. Animals in Group 1 received only phar-
macological immunosuppression with tacrolimus (n = 6);
animals in Group 2, were treated with tacrolimus and
preoperative radiation (n = 6); animals in Group 3 were
immunosuppressed with tacrolimus and received an
intravenous infusion of donor-derived TAICs on day 7
and 14 postoperatively (n = 6); and animals in Group 4
received TAICs on days 7 and 14 postoperatively, as well
as tacrolimus therapy and preoperative irradiation
(n=6). The trial protocol is shown schematically in
Fig. 1.

Rejection monitoring

Sequential chest radiographs were performed and a score
from 0 (no pathological changes) to 4 (homogenous infil-
tration of the left lung, normal right lung) was assigned
by a reviewer who worked blindly. The bronchoscopic
appearance of the bronchial mucosa was evaluated and

Porcine TAICs

(TBB) were obtained. TBB sections were stained with
hematoxylin—eosin and reviewed blindly. Histological
acute and chronic rejection was graded referring to the
ISHLT guidelines ranging from A0 to A4 and from B0 to
B4, respectively [20]. Rejection was defined as a strictly
left-sided infiltrate on the chest radiograph scored 3 or
higher, together with a grade A2-A4 or B3-B4 histologi-
cal rejection in the absence of infection.

Detection of leucocyte chimerism after TAIC therapy

The quantitative PCR assay used for chimerism analysis
in the peripheral blood was based on the detection of the
swine male specific repeat (MSR) DNA present on the Y-
chromosome [21]. Identical methods, except for the tar-
get, have been used in rodents [22-24]. Briefly, blood
DNA from samples taken before and 1 h after macro-
phage transplantation was extracted using the DNeasy
Tissue Kit (Qiagen, Hilden, Germany). Genomic DNA
was amplified with MSR or control primers listed below,
with a product length of 185 bp for MSR primers, and
184 bp for control primers. Cycling was performed on an
iCycler (Biorad, Hercules, CA, USA). SybrGreen was used
for signal induction. Fluorescence was measured every
two cycles and relative quantifications were made using a
standard curve of 100%, 50%, 20%, 10%, 1%, 10~'%,
1072%, 1073% male DNA diluted in DNA elution buffer
AE (Qiagen) to calculate the percentage contingent of Y-
chromosomal DNA. The quality as well as the total
amount of pig DNA was assessed by a control PCR with
pig S100C primers. The absolute number of Y-chromo-
somal PBMC was calculated as described above. Primers
used were MSR upper 5-CCA TCG GCC ATT GTT TTC
CTG TTC A-3’, MSR lower 5-CCT CTG TGC CCA CCT
GCT CTC TAC A-3, S100C upper 5-ATG CTG GAA
GGG ACG GTA ACA ACA-3" and S100C lower 5-GCT

broncho-alveolar lavages and transbronchial biopsies CAG CTG CTG TCT TTC ACT CGT-3'.
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Figure 1 Treatment protocol for the pr- TAIC culture period
eclinical safety trial of TAICs in pulmo-
nary transplantation. Immunosuppression
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Statistical methods

Graft survival was compared between groups by calcula-
tion of Kaplan—Meier survival curves (Graph Pad Soft-
ware Inc., San Diego, CA, USA). Animals which defaulted
from the trial for reasons other than acute or chronic
rejection were censored from the analysis. Spearman’s
correlation coefficients for nonparametric data were cal-
culated to show or rule out influences of cumulative drug
levels (areas under the curve) on graft survival using two-
tailed testing.

Results

Morphology and marker phenotyping of porcine TAICs

The appearance and cell surface phenotype of macrophag-
es in culture depends upon many factors, including cell
plating density, the nature of tissue culture plastic and
the type of serum to which the cells are exposed. Porcine
macrophages were prepared using medium supplemented
with either 10% autologous swine serum, 10% FCS or
10% hABS. Grown in pig serum, the resultant macro-
phages acquired a flattened morphology, not dissimilar to
that previously described for human TAICs (Fig. 2a)
except that these cultures contained numerous giant, mul-
tinucleated cells, which were presumably the result of cell
fusion. In contrast, cells cultured in FCS adopted mor-
phology similar to that of mouse IFN-y-MdCs or resting
human macrophages [15]. Porcine macrophages produced
in hABS-containing medium most closely resembled
human TAICs: the cells were roughly circular owing to a
flattened ‘skirt’ of cytoplasm surrounding a central body
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of granular cytoplasm and were predominantly mononu-
clear.

The lack of antibodies against porcine macrophage
markers presents significant difficulties in establishing the
equivalence of human and porcine TAICs. Porcine mac-
rophages grown under TAIC culture conditions in med-
ium containing pig serum, FCS or hABS were analysed by
flow cytometry for CD14 and CD16 expression, and
CD18 was used as a positive control (Fig. 2b). No notable
difference between the cells grown under different condi-
tions was observed: each population was CD14", CD16"
and CD18".

Porcine TAICs administered postoperatively did not
significantly prolong pulmonary allograft survival

Twenty-two animals received pulmonary allografts and
were then randomized to one of four immunosuppressive
treatment groups. The six animals in Group 1 were trea-
ted with tacrolimus monotherapy for the first 28 days
post-transplantation and received no immunosuppression
subsequently (Fig. 3a). Of this group, one animal (P01)
had to be killed on day 25 postoperatively owing to
cachexia without macroscopic or histological evidence of
rejection and must excluded from the trial analysis. The
remaining five animals had normal bronchoscopic and
radiological findings until the end of the period of immu-
nosuppression (Figs 3b and 4). Subsequently, three of
these animals (P02, P03 and P04) developed severe,
radiologically evident infiltration of the left lung consis-
tent with acute rejection and were accordingly killed on
days 83, 93 and 154, respectively; histological examination
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Figure 2 Morphology and immunophenotype of TAICs derived from peripheral blood monocytes of Gottinger minipigs. Representative data from
one animal are shown. (a) Porcine macrophages were cultured in M-CSF-containing medium supplemented with (i, ii) autologous pig serum, (iii)
FCS, or (iv) hABS. The resultant cells were strikingly different in appearance, with those grown in human serum most closely resembling human
TAICs. Bar = 50 um. (b) Expression of CD14, CD16 and CD18 by porcine macrophages.
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Figure 3 Outcomes in the preclinical safety study of postoperative TAIC administration in a minipig model of pulmonary transplantation. Animals
were randomized to one of four treatment groups: Group 1 — pharmacological immunosuppression alone; Group 2 — pharmacological immuno-
suppression plus preoperative irradiation; Group 3 — pharmacological immunosuppression plus TAIC treatment; Group 4 — pharmacological immu-
nosuppression, preoperative irradiation and postoperative TAIC treatment. (a) Allograft survival times, histological scores and radiologic
appearances revealed no significant differences between the four treatment groups. (b) Representative histologies from three animals that under-
went rejection episodes.

revealed perivascular mononuclear infiltrates of the trans- the median allograft survival time in Group 1 was
planted organs graded A3/A4. The two other animals 154 days (n = 5).
(P05 and P06) underwent rejection on days 188 and 343 No significant prolongation of transplant survival was

respectively, and were duly killed. Excluding animal P01, observed in Group 2, which received a combination of
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Day 28 Follow-up

Animal P02
(Group 1)

blu
.l
4k

tacrolimus and preoperative irradiation: Excluding animal
P07, which succumbed to septicaemia on day 49 postopera-
tively with no radiological or histological evidence of rejec-

Animal P06
(Group1)

Animal P24
(Group 4)

tion, median graft survival time in Group 2 was 92 days
(n =5). Four animals (P08, P09, P10 and P11) showed
signs of early, acute rejection and exited the trial on days
68, 69, 92 and 132, respectively. Animal P12 remained well
on the 757 day postoperatively with no signs of rejection in
chest radiographs or in a transbronchial biopsy.

In Group 3, which was treated with tacrolimus and
intravenous infusion of TAICs on day 7 postoperatively,
the median graft survival time was 115 days (n = 4),
excluding animals P13 and P14 which developed septicae-
mia on days 13 and 16. The numbers of viable TAICs
administered to each individual animal are given in
Table 1. Three animals (P15, P16 and P17) underwent
acute rejections on days 84, 99 and 131, respectively.
The remaining animal (P18) was killed on day 727 post-
operatively, at which time there was no histological
evidence of rejection. Therefore, postoperative treatment
with TAICs alone did not significantly prolong allograft
survival time.

A total of six animals were treated with preoperative
irradiation, one of which (P19) was killed on day 65 owing
to severe anaemia, but showed no signs of rejection. Two
further animals (P20 and 21) developed acute rejection

A
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Day 83:

Acute rejection

Day 390:

Chronic rejection

Day 483:

Tolerance

Figure 4 Representative chest X-rays
from animals which received left-sided
pulmonary allografts.

episodes on days 97 and 100. The three remaining animals
maintained functioning grafts beyond 178 days: Animals
P22 and P23 developed very late progressive infiltrates of
the grafted organ (days 307 and 342, respectively) and his-
tological examination revealed rejection. Animal P24 was
sacrificed on day 1199 postoperatively and postmortem
examination showed signs of chronic rejection. Thus,
excluding the two animals that defaulted from the study
without having undergone rejection, the median graft
survival time of 307 days was longer than in Group 2, but
did not achieve statistical significance.

In a comparison of allograft survival time made between
the TAIC-treated animals (Groups 3 and 4) and those
which received no TAICs (Groups 1 and 2), no significant
prolongation was evident. Similarly, there were no signifi-
cant differences in histological and radiological scores
between the TAIC-treated and untreated groups (Fig. 3).

TAIC administration did not result in established chime-
rism in the peripheral blood

Detection of male donor-derived leucocytes in the periph-
eral blood of female recipient animals was based on the
detection of cells with a Y chromosome by PCR. Chime-
rism peaked within 24 h of pulmonary transplantation and
decreased continuously thereafter in all groups (data not

© 2008 The Authors
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Figure 5 Whole blood trough levels of tacrolimus (ng/ml) during the
first 28 days of the preclinical safety study. Drug doses were adjusted
to blood levels daily. Values are mean + SE.

shown). Samples taken 1 h after macrophage infusion did
not reveal an additional increase of donor cell chimerism.

Tacrolimus whole blood trough levels did not correlate
with allograft survival

Tacrolimus blood trough levels of 16-26 ng/ml were
maintained throughout the first 27 days, which corre-
sponded to maintenance doses in the range of 0.05 mg/kg
BD (Fig. 5). Notably, tacrolimus trough levels were lowest
in Group 4, so the apparent prolongation of graft survival
in this group cannot be attributed to higher initial tacrol-
imus dosing [25]. The area under the curve of tacrolimus
blood levels of individual animals did not correlate with
allograft survival (data not shown). Serum urea and creat-
inine levels remained stable without differences in all ani-
mals (data not shown).

Discussion

Earlier work from our group established a preclinical single
lung transplantation model in miniature swine, which was
developed for testing novel immunosuppressive protocols
[26,27]. The objective of this study was to design a proto-
col using TAICs that could be translated into a clinically
feasible therapeutic approach in lung transplantation, tak-
ing into account that the identities of lung donors are only
known a few hours ahead of transplant surgery. Hence,
TAICs were manufactured from monocytes obtained at
time of lung retrieval and the first infusion of the cultured
macrophages was postponed to the seventh day postopera-
tively. In an attempt to mitigate the effect of delayed TAIC
infusion, a group of recipient animals were treated with
low-dose preoperative radiation, a technique used success-
fully in the experimental model previously [26].

© 2008 The Authors
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The postoperative administration of TAICs by intrave-
nous infusion was without acute adverse effects and
TAICs did not cause an accelerated graft rejection.
Importantly, although the cellular product contained
some contaminating donor-derived T cells, there was no
evidence of graft-versus-host disease. These observations
are entirely consistent with safety data obtained in human
patients which received pre- or postoperative infusions of
TAICs as an adjunct immune-conditioning therapy in the
renal transplantation setting [1,2].

Postoperative infusion of TAICs conferred no signifi-
cant graft-protective effect. In interpreting this observa-
tion, it is important bear several important limitations of
this study in mind. Firstly, the optimal dose of TAICs has
not been established: in this study, cell doses in the range
of 5% 10* to 6 x 10° viable cells/’kg were administered,
whereas 10-fold more were used in the human renal
transplantation studies (mean of 4 x 10° viable cells/kg)
and an 500-fold higher dose of
5x 10° cells per animal was used for transplantation

approximately

studies in rats and mice. Given that, in the human renal
transplantation studies, a trend towards better renal graft
function was seen with increasing cell doses, the relatively
small numbers of TAICs used in this study may simply
have been too low to achieve an observable effect [1].
Secondly, the recipient animals were deliberately treated
with relatively high doses of tacrolimus (16-26 ng/ml
blood trough levels) during the first 28 days of the study
to prevent early rejection episodes. It is now generally
recognized that high-dose calcineurin inhibitor treatment
is suppressive of regulatory immune responses and we
speculate that TAICs might exert a greater tolerogenic
effect when administered with alternative, calcineurin
inhibitor-minimizing immunosuppressive regimes. With
specific regard to TAICs, it has been shown that both
human TAICs and mouse IFN-y-MdCs eliminate co-cul-
tured T cells in an activation-dependent manner and it is
thought that calcineurin inhibitors might affect this
activity [15].

Perhaps the greatest obstacle in extrapolating from this
study in minipigs to the clinical situation is that the
equivalence of human TAICs and the porcine cells used
in the transplantation studies has not been adequately
established. This is not a trivial matter because macro-
phages are very plastic in their phenotype and it is
unsound to base an interspecies comparison on only a
few markers of unknown functional significance [28,29].
It has previously been demonstrated that the human
TAIC phenotype only arises when the cells are prepared
in medium supplemented with human serum and not
FCS. Thus, the porcine TAICs used in the pulmonary
transplantation may be more comparable with those
human macrophages described by Munn et al., or with
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the mouse IFNy-MdC described by Brem-Exner et al.,
than with human TAICs [15,30,31]. In this study, porcine
cells generated in FCS-containing medium were used
because, by their mode of derivation, these cells were
believed to be equivalent to the rat TAIC or mouse
IFN-y-MdC; however, further studies are planned using
TAICs cultured with hABS, as these cells appear to be
more similar to human TAICs in certain respects.

Given the nature of the TAIC, it is perhaps not sur-
prising that attempts to detect circulating donor-derived
cells after the cell infusion were unsuccessful. Human
and pig TAICs in culture adhered tightly to plastic and
have the cell-surface phenotype of matured macrophages,
which are not usually found in peripheral blood. Mouse
IFN-y-MdCs distribute widely through noninflamed tis-
sues and enter peripheral lymphoid tissues [15]. In a
single case study, tracking of '''In-labelled human
TAICs infused preoperatively into a kidney transplant
recipient showed that, over the course of 30 h, TAICs
infused intravenously transited the lungs and migrated
to the liver, spleen and haematopoietically active bone
marrow (J.A. Hutchinson, unpublished data). Further
studies of the trafficking of TAICs will be greatly facili-
tated by the development of the porcine pulmonary
transplant model.
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