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Introduction

Studies in animals have defined the essential cellular com-

ponents of peripheral tolerance and much is now under-

stood of the molecular interactions by which these cell

types exert their effects. Purified to homogeneity, tolero-

genic populations of dendritic cells and macrophages, and

T cells with suppressive function, may suppress allogeneic

T-cell responses in vitro and this activity, under certain

circumstances, may be adoptively transferred into experi-

mental animals [1–8]. Yet, there is still no complete expla-

nation of the role of these diverse cell types in the

physiological establishment of peripheral tolerance and no

single cell type can be said to be pivotal in this process.

More importantly, despite our familiarity with the compo-

nents of peripheral tolerance, there is no reliable cell-based

therapeutic protocol allowing the induction of operational

tolerance to allogeneic solid organ transplants.

The possibility of inducing and expanding tolerance-

promoting cell types in culture for use as immune-condi-

tioning therapies has received considerable attention [1,9–

11]. Opinion is divided about the clinical feasibility of

using cultured cells in this way, as the ex vivo manipula-

tion of cells is technically demanding and costly, and few

centres are equipped for such work. In addition, the

potential complications of infusing cultured cells are not

insignificant: sensitization against graft antigens, graft-ver-

sus-host disease, atypical infections, malignancy and

embolism of cellular aggregates are genuine clinical con-

cerns. In favour of cell-based immunosuppressive thera-

pies are their undoubted success in animal transplant

models and the advantage that ex vivo manipulation

allows the composition, quality and dose of the cultured

cells to be tightly controlled. Unfortunately, the transla-

tion of experimental protocols into the clinical setting has

met with only limited success [12,13].
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Summary

The transplant acceptance-inducing cell (TAIC) is a type of immunoregulatory

macrophage with the capacity to specifically dampen allogeneic rejection

responses to a degree allowing safe minimization of conventional immunosup-

pressive therapy. In the first part of this report, the production and phenotype

of the human TAIC is described. In the second part, an analysis is given of the

TAIC-I clinical trial, in which 12 recipients of renal transplants from deceased

donors were treated with donor-derived TAICs as an adjunct immune-condi-

tioning therapy. Conventional immunosuppression was gradually withdrawn

from 10 of these 12 patients over a period of 8 weeks, starting in the fourth

week after transplantation. All but two patients tolerated cessation of steroid

therapy, while the remaining eight patients were first weaned from sirolimus

and then, in six cases, were also weaned to low-dose tacrolimus monotherapy.

It is concluded that TAIC therapy is both safe and clinically practicable; how-

ever, the TAIC-I trial was unable to provide evidence that postoperative TAIC

administration has a beneficial effect.
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Work from our laboratories has focussed on the poten-

tial of a type of immunoregulatory macrophage, called

the transplant acceptance-inducing cell (TAIC), to pro-

mote the survival of solid organ allografts. The TAIC was

originally identified through studies into the mechanisms

by which a rat embryonic stem cell-like cell line pro-

moted the survival of ectopic cardiac allografts in rats

[14,15]. Equivalent cell types were subsequently procured

from mouse, swine and humans [16–18]. Rat TAICs have

been shown to indefinitely prolong heterotopic heart allo-

graft survival in a nonimmunosuppressed Lewis-to-DA

transplant model (F. Fändrich, unpublished data) and

swine TAICs were shown to prolong lung allograft sur-

vival in transplants between outbred pigs after complete

cessation of conventional immunosuppression at 28 days

post-transplantation (F. Fändrich, unpublished data). On

the basis of these preclinical experiments, a series of indi-

vidueller Heilversuch (healing attempts) were undertaken,

in which TAICs were used as an adjunct immunosuppres-

sive therapy in patients receiving visceral organ trans-

plants from deceased donors. No evidence of harm to the

recipient was observed and a supposed clinical benefit

was noted in specific cases [19].

The first part of this report describes the production,

morphology and cell surface phenotype of human TAICs.

The second part describes the outcomes of the 12 patients

enrolled in the TAIC-I trial, a single centre, open-label

study of the administration of TAICs for the induction of

donor-specific tolerance in renal allograft recipients.

Materials and methods

Preparation of TAICs for clinical application

and experimentation

Human TAICs for infusion into patients were generated

from donor splenic mononuclear cells under strict GMP

conditions, whereas those used experimentally were

derived from peripheral blood mononuclear cells under

normal laboratory conditions. The method used to pro-

duce TAICs from both sources was otherwise identical.

Mouse and rat TAICs derived from spleen, bone marrow

and blood are phenotypically and functionally identical

([16] and F. Fändrich, unpublished data) and the cell sur-

face phenotype of human spleen and blood-derived TA-

ICs are comparable (data not shown).

The donor spleen was obtained at the same time-point

as the transplanted kidney was recovered; this was taken

as day 0. To isolate splenic mononuclear cells, the splenic

capsule and associated adipose tissue was first removed,

before sectioning the spleen into pieces of approximately

1 cm3. The pieces of spleen were washed thoroughly in

Dulbecco’s phosphate buffered saline (DPBS) without

Ca2+or Mg2+ (Cambrex Bioscience, Verviers, Belgium)

and were then massaged through sterile filters with a pore

size of 0.3 mm to achieve a homogeneous, single-cell sus-

pension. The resulting cell suspension was then layered

onto Ficoll (Biochrom AG, Berlin, Germany) in 50-ml

centrifugation tubes (Becton Dickinson, Heidelberg, Ger-

many), overlaying 15 ml of Ficoll with 20 ml of cell sus-

pension; these density gradients were centrifuged at 400 g

for 20 min at room temperature without brake. The

mononuclear cell interface was collected by careful pipett-

ing and the recovered cells were washed three times in

DPBS (300 g for 6 min, then twice at 200 g for 6 min).

After isolation, splenic mononuclear cells were sus-

pended in TAIC medium at a density of 5 · 107 cells/ml,

and 30 ml of this mixture was added into the requisite

number of T175 flasks (Sarstedt, Nürnbrecht, Germany).

TAIC medium comprises the following: RPMI-1640 with-

out phenol red containing 25 mm HEPES (Cambrex Bio-

science), 10% human AB serum (Cambrex Bioscience),

2 mm l-glutamine (Cambrex Bioscience), 100 U/ml peni-

cillin and 100 lg/ml streptomycin (Cambrex Bioscience)

and recombinant human M-CSF (rhM-CSF; R&D Sys-

tems, Wiesbaden-Nordenstadt, Germany) at a final con-

centration of 5 ng/ml, carried on human serum albumin

(Aventis, Frankfurt, Germany). The plated cells were then

incubated overnight at 37 �C and 5% CO2.

On the following day (day 1) each culture flask was

gently agitated to resuspend the majority of nonadherent

cells that had sedimented. The culture supernatants,

including the suspended cells, were then transferred to

fresh flasks by pipetting, and fresh TAIC medium was

applied to the original flasks. All the cell culture flasks

were then returned to the incubator.

After overnight incubation, the supernatants from those

cultures which had been replated on day 1, including the

nonadherent cells, which they contained, were transferred

into fresh T175 flasks. The supernatant removed from the

flasks was replaced with an equal volume of freshly pre-

pared TAIC medium. All the cultures were again placed

in the incubator. For clarity: On day 2, two serial trans-

fers of the supernatant from each initial culture flask had

been made, with no cells from the original cultures being

discarded.

On day 4, fresh TAIC medium containing a final con-

centration of 25 ng/ml of interferon-c (IFN-c) (Imu-

kin�, Boehringer Ingelheim, Germany) was prepared.

Cell culture flasks were gently swung to resuspend the

majority of nonadherent cells, but not so vigorously as

to detach any loosely adherent monocyte-derived cells.

The supernatants were then removed by gentle pipetting

and discarded, including all the cells in suspension. The

medium in each flask was replaced with TAIC medium

supplemented with IFN-c. All flasks, regardless of the

day on which they were plated, were treated in this
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same manner. The cells were returned to the incubator

overnight.

Transplant acceptance-inducing cell preparations were

harvested on day 5. Each culture flask was gently agitated

to resuspend any nonadherent cells. The flask was then

positioned vertically and the supernatant aspirated. This

supernatant was collected into 50-ml centrifugation tubes.

The flask was again laid horizontally and the adherent

cells were washed in DPBS without Ca2+or Mg2+, before

the adherent cells were gently lifted into suspension in

DPBS (without Ca2+or Mg2+) using a standard rubber-

cell scraper. Damaging TAICs by scraping is a major

determinant of the number of cells ultimately recovered

and must be done with great care. We find that leaving

the TAICs to rest in DPBS without Ca2+or Mg2+for

10 min before scraping results in greater viability and also

that small, gentle strokes of the scraper are preferable to

long, heavy strokes. TAICs from all flasks were pooled

and then resuspended in an isotonic human albumin

solution for central venous infusion.

Preparation of resting (M0) and classically activated

(M1) macrophages

M1 macrophages were generated from plastic-adherent

monocytes cultured for 5 days in phenol red-containing

RPMI supplemented with 2 mm l-glutamine, 10% FCS,

100 ng/ml rhM-CSF and antibiotics, before being pulsed

for 24 h with lipopolysaccharide (LPS) from Salmonella

minnesota at 10 ng/ml (Sigma, Taufkirchen, Germany)

and 25 ng/ml IFN-c. Resting macrophages were produced

as per the same protocol as M1 MF, except that they

were not exposed to IFN-c or LPS.

FACS staining

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 lg/106 cells, unless

otherwise directed by the supplier. Antibodies with the

following specificities were used: CD14 (catalogue

#555399; Becton Dickinson (BD), Heidelberg, Germany),

CD13 (BD, #555394), CD33 (BD, #555450), CD11b (BD,

#555388), CD11c (BD, #555392), CD66b (Immunotech,

#0531; Immunotech, Marseille, France), human leucocyte

antigen (HLA)-DR (BD, #555811), CD80 (BD, #557227),

CD86 (BD, #555658), CD1a (Immunotech, #1942), CD40

(BD, #555589), CD16 (BD, #555406), CD64 (Iotest,

#IM3601), CD163 (BD, #556018), CD205 (BD, #558069),

CD206 (BD, #551135), CD30 (BD, #555829), CD38 (BD,

#555460), CD69 (#555531), CD71 (BD, #551374), CD18

(BD, #555924), CD54 (BD, #555511), CD56 (BD,

#345811), CD62L (BD, #555544) and CD103 (BD,

#550260). 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 with Cell Quest software (BD Biosciences, Heidel-

berg, Germany). The same instrument settings and gating

strategies were used for comparative analyses of M0 MF,

M1 MF and TAICs.

General overview of the TAIC-I study design

A clinical trial protocol for the TAIC-I study was approved

by an independent local ethics committee in April, 2003.

The TAIC-I trial was conducted in accordance with the

Declaration of Helsinki and its revisions, and all relevant

German laws, including the regulations of the German

Drug Law and guidelines for the clinical testing of drugs.

The TAIC-I trial was monitored by an independent agency,

Premier Research Germany (Darmstadt, Germany).

The TAIC-I study was a phase I/II clinical trial, taking

the form of an open-label, single-centre study. At the

time of the TAIC-I trial, there were no safe, established

clinical protocols for weaning patients from conventional

immunosuppressants. Therefore, the study was without

controls.

Patient characteristics

Fourteen patients were considered for enrolment in the

TAIC-I study, according to the following inclusion and

exclusion criteria. Patients, both male and female, had to

meet all of the following inclusion criteria: They had to be

aged between 18 and 64 years; receiving their first renal

transplant; fulfil the allocation criteria stipulated by Euro-

transplant and the Bundesärztekammer; and, give full,

informed consent in writing to their participation in the

trial. No specific criteria concerning donor organ quality

were stipulated. Donor and recipient pairs with all degrees

of histocompatibility matching were accepted into the

trial, except pairs with complete HLA-matches. Patients

were excluded from the TAIC-I trial if they fulfilled any

one of the following criteria: if they had an active infection

at the time of proposed entry into the study; if they were

cytomegalovirus (CMV)-negative and their donor was

CMV-positive; if the recipient was presensitized to donor

antigens; if they had a history of drug or alcohol misuse; if

they were pregnant or nursing mothers; if they had a con-

traindication to any of the immunosuppressive agents

used in the TAIC-I protocol; if they had a past medical

history or a current diagnosis of malignancy, vasculitic

disease, or any disease requiring systemic steroid therapy.
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Of the 14 patients considered for trial participation, 12

were selected for TAIC therapy (Table 1). Nine of the 12

patients were male and all were white-caucasian.

Immunosuppressive protocols and TAIC therapy

All patients entered into the TAIC-I trial received the

same immunosuppressive regimen (shown in Fig. 4a).

This protocol was based on those of previous studies,

which sought to wean patients to tacrolimus monothera-

py without adjunct therapies [19–21] and also on the

immunosuppressive regimen used in preclinical studies of

TAICs in swine (F. Fändrich, unpublished data). As

detailed below, patients received triple immunosuppres-

sion for the first month post-postoperatively and were

then weaned to the same target maintenance level of

tacrolimus monotherapy (10 ng/ml) as described by

Coupes et al. [19]. Only patients who had attained stable

graft function with this level of immunosuppression by

week 8 were further weaned.

Patients were initially immunosuppressed with tacroli-

mus (trough level 10–15 ng/ml), sirolimus (trough level

4–8 ng/ml) and glucocorticoids (prednisolone and meth-

ylprednisolone). Patients were then weaned from steroid

therapy if, on day 28 post-transplantation, the following

criteria were met: the patient’s serum creatinine was

<2.0 mg/dl; there were no biopsy-proven signs of rejec-

tion; and the clinical and ultrasound examination of the

transplanted organ did not indicate rejection. Steroids

were reduced over 14 days in weeks 5 and 6 post-trans-

plantation. If, at the end of the sixth week, the creatinine

clearance (CLCr) was not reduced by ‡25% in relation to

the value on the 28th day postoperatively, then sirolimus

therapy was gradually reduced over weeks 7 and 8. If, at

the end of the eighth week, the CLCr was not reduced by

‡25% in relation to the value on the 28th day postopera-

tively, then tacrolimus therapy was reduced over the sub-

sequent 4 weeks (weeks 9–12) to trough plasma levels of

8–10 ng/ml. If, at the end of the 12th week, the CLCr was

not reduced by ‡25% in relation to the value on the 28th

day postoperatively, then tacrolimus therapy was further

reduced in weeks 13–24, such that trough plasma levels

would be in the range 5–8 ng/ml. If, at the end of the

24th week, all clinical measures of graft function were sta-

ble, treatment with tacrolimus was to be lowered until

serum trough levels were <4 ng/ml and, if it were deemed

appropriate by the responsible physician, to complete ces-

sation.

Transplant acceptance-inducing cells were administered

on the fifth day postoperatively. The TAICs were resus-

pended in 50 ml of human serum albumin solution and

delivered by central venous infusion over approximately

2 min. All patients received >1 · 106 viable TAICs per kg

bodyweight, but a standardized cell dose was not stipu-

lated because the optimal cell number was not known

and, also, because the TAIC yield varied between donors

(Table 2). Patients receiving TAICs were prophylactically

treated with heparin.

Statistical methods

In Fig. 2, the mean and standard deviations of mean

fluorescence intensities are shown. To compare CLCr on

days 28 or 42 with the number of viable TAICs adminis-

tered per kg bodyweight to individual patients, an uncon-

strained linear regression was performed and the

coefficient of determination (R2) has been determined

(Fig. 5). A paired t-test was used to quote whether

patients had significantly lower CLCr values, or higher

serum creatinine levels, at their last clinic follow-up

compared to day 28.

Results

Transplant acceptance-inducing cell morphology

The morphology of macrophages in culture depends

upon their state of activation, the nature of the surface to

which they adhere, and their plating density. Under TAIC

Table 1. Clinical characteristics of the

TAIC-I patient cohort. Patient Age (years) Sex Renal disease necessitating transplantation

WW 53 Male Adult polycystic kidney disease

FK 34 Male Membranoproliferative glomerulonephritis

DW 56 Male Type II diabetes and nephrosclerosis

UF 54 Male End-stage renal failure with no formal diagnosis

MR 35 Male Hereditary nephritis in Alport’s Syndrome

ME 48 Male IgA nephropathy

MT 38 Male Unclassified glomerulonephritis

GH 61 Female Nephrosclerosis

KGW 57 Male Focal segmental glomerulonephritis

UH 44 Male Focal segmental glomerulonephritis

GS 45 Female Membranoproliferative glomerulonephritis

GM 30 Female Membranoproliferative glomerulonephritis
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culture conditions, macrophages adopt a tessellating

epithelioid morphology with a prominent central body,

usually with a single, clear nucleus, surrounded by a thin

skirt of cytoplasm (Fig. 1). The edges of adjacent cells lie

in very close apposition and it is often difficult to discern

any space between them. The most remarkable morpho-

logical feature of TAICs in culture is their size, which is

in the order of 50 lm in diameter, depending primarily

on the local cell density. TAICs are extremely granular,

which may relate to their phagocytosis of cellular debris

and co-cultured lymphocytes [16].

The cell surface phenotype of TAICs

The cell surface phenotype of TAICs is consistent with

their being a subtype of macrophage: TAICs uniformly

express the myeloid markers CD13 and CD33, but not

the granulocytic marker CD66b (Fig. 2). All TAICs

Table 2. Details of transplant and TAIC treatment.

Patient

Tissue typing

No. TAIC administeredTotal HLA mismatches

Class II matches Ischaemia times

HLA-DR HLA-DQ Warm Cold

WW 5 0 0 0:25 6:07 Total: 5.8 · 107

per kg BW: 0.55 · 106

FK 4 0 2 0:25 5:50 Total: 1.5 · 108

per kg BW: 1.93 · 106

DW 4 1 0 0:30 5:25 Total: 9.0 · 107

per kg BW: 1.0 · 106

UF 5 0 0 0:19 5:00 Total: 1.94 · 108

per kg BW: 2.69 · 106

MR 5 0 – 0:32 7:02 Total: 5.0 · 108

per kg BW: 7.52 · 106

ME 5 0 1 0:25 3:10 Total: 1.37 · 108

per kg BW: 1.67 · 106

MT 4 1 0 0:25 11:29 Total: 4.25 · 108

per kg BW: 5.26 · 106

GH 5 0 1 0:26 5:38 Total: 4.0 · 108

per kg BW: 5.26 · 106

KGW 5 0 1 0:25 11:05 Total: 3.2 · 108

per kg BW: 4.21 · 106

UH 3 0 – 0:33 8:13 Total: 3.1 · 108

per kg BW: 4.66 · 106

GS 3 1 1 0:23 3:36 Total: 1.5 · 108

per kg BW: 2.08 · 106

GM 5 1 – 0:21 6:20 Total: 3.8 · 108

per kg BW: 7.17 · 106

Figure 1 The morphology of TAICs in

culture. (a) TAICs adopt an epithelial cel-

l-like morphology with a central body of

cytoplasm surrounded by a densely gra-

nular skirt of cytoplasm and the margins

of adjacent cells in close apposition. (b)

Morphologically, TAICs are readily distin-

guished from classically activated (M1)

macrophages (bar = 50 lm).
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express CD205, identifying them as cells of monocytic

origin. Variable expression of cell surface CD14 was

observed (86.0 ± 9.0%). A very small number of TAICs

expressed CD16, but at much lower levels than normally

observed on CD16+ resident monocytes from peripheral

blood; in contrast, CD64 expression was high in TAICs.

Figure 2 The cell surface phenotype of human TAICs identifies these cells as a subtype of macrophage in a state of partial maturation. Cited val-

ues are mean ± SD (n = 3).
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TAICs uniformly express the macrophage mannose

receptor (CD206), whereas CD163 expression is largely

restricted to the CD14+ TAIC subset. CD30 cannot be

detected on TAICs, but CD38 is expressed at relatively

high levels. TAICs do not express the common leuco-

cyte activation marker, CD69, but do express CD71.

TAICs express lower levels of HLA-DR, CD80 and

CD86 than activated macrophage subsets (Fig. 3). The

expression of other macrophage lineage markers allows

a phenotypic comparison with the mouse TAICs [16]

and also demonstrates the considerable heterogeneity of

clinical TAIC preparations, which most likely reflects

different stages of TAIC differentiation rather than the

existence of distinct cell types. Taken together, these

observations identify TAICs as partially matured macro-

phages, more similar to M1-polarized macrophages than

any M2-polarized macrophage subtype [22–26], a pheno-

type which is not inconsistent with its postulated role

in suppression of T-cell responses [27]. This state of

partial maturation accords with observations made in the

mouse [16].

Recruitment and treatment of patients in the TAIC-I

trial

In September 2003 a single-centre, open-label, uncon-

trolled study of TAICs as an adjunct immunosuppressive

therapy in renal transplantation was commenced: this

Phase I/II clinical trial was called the TAIC-I study. The

primary objective of TAIC-I study was to obtain infor-

mation on the safety and tolerability of treatment with

TAICs. The secondary objective was to monitor renal

allograft function and survival after administration of

TAICs followed by the controlled withdrawal of conven-

tional immunosuppressive treatment. The TAIC-I clinical

protocol is described above and illustrated in Fig. 4a. A

total of 12 patients were enrolled into the TAIC-I study

and their clinical outcomes are summarized in Fig. 4b.

Figure 3 Resting (M0) macrophages, classically activated (M1) macrophages and TAICs were analysed by flow cytometry. TAICs exhibited a par-

tially matured phenotype with higher levels of CD80, CD86 and HLA-DR expression than observed in M0 MF, but lower levels than M1 MF.

Cell-surface expression of CD64 and CD274 (PDL1) distinguishes these three macrophage subsets. Representative plots from two donors are

shown (red and green traces) with the relevant isotype controls (black traces).

Figure 4 Overview of the TAIC-I clinical trial. (a) Initially, patients were given triple immunosuppressive therapy comprising tacrolimus (trough lev-

els of 10–15 ng/ml), sirolimus (trough levels of 4–8 ng/ml) and glucocorticoids. If graft function remained stable at the end of week 4, steroid

therapy was gradually stopped over the course of weeks 5 and 6. Provided graft function had not deteriorated during steroid weaning, then treat-

ment with sirolimus was withdrawn during weeks 7 and 8. If sirolimus cessation was without adverse consequence, then tacrolimus treatment

was minimized over the subsequent 4 weeks, such that trough serum tacrolimus levels were in the range 8–10 ng/ml. Further minimization of

tacrolimus monotherapy was undertaken during weeks 13–24, aiming for trough serum tacrolimus levels of 5–8 ng/ml. Patients who presented

no clinical signs of rejection and had normal graft histology at the end of week 24 were considered for further reduction of tacrolimus treatment.

(b) Twelve patients were enrolled in the TAIC study and received TAIC therapy, 10 of which qualified for minimization of conventional immuno-

suppressive therapy. The clinical course of each trial participant is shown in a time-to-exit analysis, with each patient’s indication for withdrawal

from the study protocol. (c) Patient KGW exited the trial in the 12th week post-transplantation owing to clinical suspicion of acute rejection.

A biopsy taken at this time showed no evidence of a rejection process. (d) Prior to reducing patient GM’s treatment with tacrolimus to sub-thera-

peutic levels at week 24, a graft biopsy showed no signs of rejection.
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Participants in the TAIC-I study all received their first

renal transplant, each from deceased donors. In every

case, surgery proceeded without complications and the

early renal function of all recipients was satisfactory, with

the exception of patients FK and UF (see below). Initially,

patients received a conventional triple immunosuppres-
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sive regimen comprising tacrolimus, sirolimus and gluco-

corticoids. TAICs were prepared from donor splenocytes

and administered to the recipient on the fifth day postop-

eratively by central venous infusion (Table 2). WW was

excluded from the trial because only 5.5 · 105 TAICs per

kg bodyweight (BW) were available for transfusion,

whereas the remaining patients each received in excess of

1 · 106 TAICs per kg BW. No acute adverse effects of

TAIC administration were observed.

One patient, FK, showed evidence of an early rejection

episode prior to TAIC infusion, with an abnormally ele-

vated serum creatinine and histological evidence of rejec-

tion on day 5. Although the patient was subsequently

infused with 1.9 · 106 TAICs per kg BW, he was excluded

from further participation in the trial.

Phased withdrawal of steroid immunosuppression

On the 28th day post-transplantation, the graft function

of nine trial participants met the stipulated conditions for

steroid tapering. DW continued to receive steroid therapy

because he had moderately elevated serum creatinine val-

ues in the second week postoperatively, which increased

by >25% in the third week. A rejection episode was sus-

pected, but a graft biopsy did not confirm this diagnosis

and the episode resolved without intervention after

7 days; the transient deterioration in graft function was

subsequently attributed to a urinary tract infection. This

same patient then developed a right leg DVT and was

consequently withdrawn from the trial. A second patient,

ME, was maintained on 5 mg prednisolone OD after

week 4. ME defaulted from the trial in week 7 with sus-

pected acute rejection, although this could not be histo-

logically verified.

Steroids were tapered over 14 days (during the fifth

and sixth weeks post-transplantation) without adverse

consequence in seven of the eight patients. UF defaulted

from the trial in week 5 with severe, acute rejection.

Throughout his participation in the study, UF had

registered marginal graft function, with slow initial

urine production and persistently elevated creatinine

levels in the 2 weeks prior to steroid weaning. Examina-

tion of a biopsy from day 28 revealed Banff Grade III

rejection.

Phased withdrawal of sirolimus and tacrolimus

immunosuppression

At the end of the sixth week, seven patients met the crite-

ria for sirolimus cessation and six of these tolerated com-

plete withdrawal. MR exited the study during the period

of sirolimus minimization with increased serum creati-

nine levels. Biopsies failed to confirm the diagnosis of an

acute rejection episode, but renal function was restored

following treatment with bolus steroids.

The remaining six patients qualified for minimization

of tacrolimus therapy during weeks 9–12. As tacrolimus

treatment was being reduced, two patients underwent

rejection. MT first recorded a rise in serum creatinine in

week 8, when tacrolimus had been reduced to 5 mg OD;

at this time, a graft biopsy revealed Banff Grade II rejec-

tion. GH suffered a rejection episode in week 9, with a

biopsy showing Grade I rejection. In the 12th week post-

operatively, KGW experienced an acute rise in serum cre-

atinine. This episode was treated as acute rejection, but

biopsies did not support this clinical diagnosis (Fig. 4c).

The patient thus exited the trial protocol on day 79, hav-

ing otherwise tolerated tacrolimus monotherapy for

22 days.

Monitoring of transplant recipients after withdrawal

from immunosuppression

Of the 12 patients enrolled in TAIC-I, three patients com-

pleted the programme of immunosuppressant minimiza-

tion. Two patients, GS and UH, elected to discontinue

their involvement in the study, exiting on days 168 and

164 respectively. The participation of UH in the trial was

uncomplicated: he was withdrawn from prednisolone and

sirolimus treatment within 43 days of transplantation,

and his immunosuppression was further reduced to 3 mg

tacrolimus OD by day 136 without adverse effect. GS had

a stable serum creatinine, except for a rise in week 5

attributed to calcineurin inhibitor toxicity, which resolved

within 3 days when tacrolimus treatment was lowered

from 9 to 3 mg daily. A graft biopsy in week 6 showed

no signs of rejection. When patient GS retracted her con-

sent, immunosuppression had been reduced to 1 mg

tacrolimus OD for a period of 21 days with no apparent

adverse effect.

GM remained within the study until day 188 postoper-

atively. This patient had normal graft histology at week

24 (Fig. 4d) and registered normal, stable serum creati-

nine levels until week 28, when a significant increase was

observed. Duly, a graft biopsy from day 188 was reported

as showing a Banff Grade I rejection response. At the

time of the rejection, the patient had taken no immuno-

suppressive therapy for 6 days, and prior to this had only

received tacrolimus doses of 0 and 2 mg on alternating

days for 2 weeks. The rejection episode was treated with

bolus steroids and had resolved within 10 days.

Synopsis of patient outcomes

Of the 12 patients enrolled in TAIC-I, one was withdrawn

because too few cells were administered and a second was
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excluded on day 6 on account of an acute rejection

episode, which began before TAIC infusion. Neither case

provides any evidence concerning the safety of TAICs and

must be disregarded in the analysis. Four patients experi-

enced a confirmed rejection episode as conventional

immunosuppression was withdrawn. In all cases renal

function was restored by reintroduction of conventional

immunosuppressive treatment and none of the trial par-

ticipants required repeat transplantation or dialysis within

the trial period. A further four patients each registered

Figure 5 (a) A positive correlation exists between CLCr on day 28 and the dose of TAICs administered per kg of bodyweight (R2 = 0.53). This cor-

relation cannot be wholly attributed to the co-dependence of bodyweight-adjusted TAIC dosage and CLCr at day 28 on the mass of the patient,

as the correlation between these variables is weak (R2 = 0.16). Similarly, the anticipated relationship between tacrolimus dose and CLCr does not

account for the observed relationship between TAIC dosage and CLCr. The minimal doses of immunosuppressants tolerated by each patient are

given: tacrolimus doses (mg) and trough serum tacrolimus levels (ng/ml) are determined. (b) Amongst the eight patients remaining within the trial

on day 42, the correlation between CLCr and TAIC dose was more pronounced (R2 = 0.82). (c) There was no significant decrease in CLCr between

day 28 and day 42, nor was CLCr significantly different between day 28 and the last clinic follow-up.
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acute rises in serum creatinine levels, which were neces-

sarily treated as rejection episodes, but which could not

be retrospectively confirmed as such by histology. The

remaining two patients withdrew from the trial with no

suspicion of rejection, having been successfully weaned to

tacrolimus monotherapy with trough serum levels of

<4 ng/ml.

Figure 5a relates patient outcomes (in terms of CLCr

on day 28, minimal tolerated immunosuppression and

time-to-exit) to the dose of TAICs received by individual

patients, ischaemia times and the number of HLA mis-

matches. Representing the trial data in this way illumi-

nates an interesting trend: there is a positive correlation

between the bodyweight-adjusted dose of TAICs adminis-

tered to patients and their CLCr at day 28. Among the

eight patients remaining within the trial, the correlation

was more pronounced on day 42 (Fig. 5b). This apparent

relationship must be treated with caution because the

sample size is small.

With the exception of DW, who exited the trial before

steroid weaning, the graft function of all the TAIC-I par-

ticipants was satisfactory at their last clinic follow-up; the

clinical status of the patients is summarized in Table 3.

Figure 5c compares the patients’ CLCr on day 28 and day

42, and at the last clinic attendance (36 ± 8 months).

Four of six patients recorded a lower CLCr on day 28

than at their last follow-up, but the mean reduction of

14.1 ml/min was not significant. This reduction is consis-

tent with previously reported outcomes in similar cohorts

of conventionally treated renal transplant recipients [28].

Discussion

The TAIC-I study has demonstrated that it is possible to

produce clinical-grade TAICs from splenic mononuclear

cells of deceased donors and to subsequently infuse these

cells into renal transplant recipients without acute adverse

consequences. More specifically, no harm was caused by

the administration of quite large numbers of cells (up to

5 · 108 viable cells) via a central line, with no evidence of

embolism, transfusion reactions or introduction of infec-

tion. There was no evidence of graft-versus-host reactions

caused by the TAICs or contaminating lymphocyte popu-

lations. Furthermore, there was no evidence that TAICs

sensitized the recipients to graft antigens or that the cells

themselves can otherwise accelerate rejection. To date,

none of the TAIC-I participants have experienced any

delayed complications from TAIC infusion, although the

mean follow-up time is now only 36 months. Thus, it is

concluded that the infusion of TAICs is a practicable and

safe clinical procedure in the acute and medium term.

From this report, the limitations of the TAIC-I trial are

very clear: No strong conclusions about the possible bene-

ficial effects of TAIC treatment can be drawn from such a

small study cohort and, without a relevant control arm, it

is not possible to attribute any therapeutic effect to the

cell infusion. Moreover, as the TAIC-I study aimed to

reduce the immunosuppressive therapy of all participants

equally, it is clear that patients who were able to tolerate

significant reductions in their immunosuppression regis-

tered poor outcomes because their stable, low-dose

immunosuppression was further minimized; for this rea-

son, comparison with published studies of immunosup-

pressant minimization is problematic [19–21, 29–33].

Whether TAIC therapy confers any additional benefit in

safely establishing renal transplant recipients on low-dose

tacrolimus monotherapy, beyond that already achieved

with other clinical protocols, must be assessed in future

clinical studies.

Closer monitoring of TAIC-treated patients, with

greater reliance on special indices of imminent rejection

episodes, should allow a safer titration of conventional

immunosuppression. With this mind, a second trial of

TAIC therapy has been initiated (the TAIC-II study) as a

subproject of the RISET consortium, in which TAICs are

being given to recipients of renal transplants from living

donors as part of an immunosuppressant dose-reduction

regimen [34].

Currently, we do not know the most effective TAIC

dose. In the TAIC-I study, an average of 3.95 · 106 TAICs

per kg bodyweight were infused, but compared to the

number of TAIC administered in murine models (5 · 106

cells per animal, itself an arbitrary number) the number of

cells given to patients was substantially lower [35]. In this

context, the apparent trend observed in those patients

who received greater TAIC numbers to have greater creati-

nine clearances on days 28 and day 42 is interesting.

Unfortunately, it is technically difficult to produce more

TAICs from a single donor spleen. In the TAIC-II study,

cells from leukapheresis products are being used instead of

splenic mononuclear cells to generate TAICs, so patients

enrolled in TAIC-II have received substantially more cells

[34]. One benefit of using TAICs from living organ donors

is that repeated TAIC treatments are possible, both before

and after transplantation. We suggest that successive

rounds of TAIC administration may be the optimal way

of delivering large numbers of cells to patients.

The optimal timing of TAIC administration with

respect to transplantation is not known. Using rat alloge-

neic heart and kidney transplant models, it has been

shown that treatment with TAICs on the fifth day preop-

eratively indefinitely prolongs graft survival (F. Fändrich,

unpublished data), whereas the cells only afford a slight

prolongation of graft survival when delivered postopera-

tively (S. Inoue et al. Abstract #1042, American Trans-

plant Congress 2006, Boston, MA). Both from a clinical
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perspective and from our understanding of the develop-

ment of tolerance to transplanted organs, we suppose it

would be optimal to begin immune-conditioning with

TAIC infusions prior to transplantation [28]. Whilst

TAIC pretreatment is clearly impracticable in the case of

transplantation from a deceased donors, the use of periph-

eral blood monocytes from living donors permits exactly

this approach: In the TAIC-II study, patients are being

treated with TAICs 5 days before transplantation [34].

By their mode of derivation and cell surface phenotype,

TAICs from rats and mice are comparable to human TA-

ICs. It has been asserted elsewhere that mouse TAICs are

a subset of macrophages in a unique state of activation,

distinct from previously described M1- and M2-polarized

macrophage subsets and monocyte-derived DC [16]. Like-

wise, data from this study (and additional unpublished

results, J. A. Hutchinson) indicate that human TAICs do

not correspond with any previously described macro-

phage subset. It is beyond the scope of this paper to dis-

cuss the mechanisms by which human TAICs might exert

a therapeutic effect; however, it is proposed that TAICs

could act through recipient-derived T-cell suppressive T-

cell subsets. We speculate that engrafted donor-derived

TAICs polarize the T-cell response of the recipient

towards tolerance of the graft alloantigens, perhaps by

providing an appropriate co-stimulatory niche for recipi-

ent T-regulatory cells. This hypothesized mechanism of

TAIC function has clear parallels with the postulated

mechanisms underlying the therapeutic effect of donor-

specific blood transfusion [36–38].

In conclusion, it can confidently be said that TAIC

therapy is both safe and clinically feasible, although in the

setting of transplantation from deceased donors, the need

to infuse TAICs postoperatively is a tangible disadvantage.

Importantly, the TAIC-I trial has highlighted several pos-

sible aspects of TAIC therapy which might be optimized

to achieve clinically appreciable outcomes and these

improvements are being implemented in the TAIC-II trial

protocol.
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