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Abstract Monitoring for the re- 
sponses to alloantigens presented 
either by the direct or the indirect 
presentation pathway have been re- 
ported to be of clinical value after 
kidney transplantation. Amongst 
others, the level of these responses 
may be dependent on the immuno- 
suppressive treatment. We studied 
both presentation routes in periph- 
eral blood mononuclear cells 
(PBMC) of cardiac transplant pa- 
tients, who experienced episodes of 
rejection, and related them to the in 
vivo cyclosporin A (CsA) levels in 
plasma. PBMC of the recipients 
were stimulated with irradiated do- 
nor cells to determine the direct 

Introduction 

Both direct and indirect presentation pathways for allo- 
antigens have been reported to be involved in rejection 
after kidney transplantation [S, 61. Recently, it was sug- 
gested that the indirect pathway is more sensitive to im- 
munosuppression than the direct route of alloantigen 
presentation [l, 3-51. The latter presentation pathway 
involves direct activation of the recipient T-cells by do- 
nor antigen-presenting cells (APC). For the indirect al- 
loantigen presentation pathway, allogeneic major histo- 
compatibility complex (MHC) molecules are processed 
into peptides and presented on recipient APC by MHC 
molecules of the recipient. This pathway is similar to 
the one by which nominal antigens, such as tetanus tox- 
oid (TET), are presented. 

In order to test whether the use of the different pre- 
sentation pathways is dependent on the immunosup- 
pressive load [l, 3-51, we monitored both routes in 

presentation pathway. As a method 
for the activation of the immune re- 
sponse via the indirect pathway, 
PBMC were stimulated with tetanus 
toxoid. Both immune responses in- 
creased when CsA levels inadver- 
tently decreased to inadequate con- 
centrations and histological rejec- 
tion was diagnosed. After clinical 
heart transplantation, CsA may pre- 
vent rejection by blocking both the 
direct and the indirect antigen pre- 
sentation pathway. 
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PBMC of human cardiac transplant recipients and re- 
lated them to the in vivo cyclosporin A (CsA) levels 
measured in plasma and to acute rejection. PBMC 
from transplant recipients were stimulated by spleen 
cells derived from the donor to measure the direct al- 
loantigen presentation route in a mixed lymphocyte cul- 
ture (MLC). Recently, we have shown that in MLC, 
complete removal of donor APC from the stimulator 
population is not a suitable tool for determining indirect 
presentation of donor antigens [l]. Therefore, we mea- 
sured the indirect presentation route by stimulating 
PBMC with the nominal antigen, TET. 

Materials and methods 
PBMC sampling 

We selected blood samples from three cardiac transplant recipi- 
ents, who had experienced one or more periods of rejection during 
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Fig.1 Relationship of acute rejection (AR) and cyclosporin A 
(CsA) levels in plasma (B) with the proliferative capacity of pe- 
ripheral blood mononuclear cells to directly presented donor anti- 
gens (n) and indirectly presented antigens tetanus toxoid (TET) 
(.) 

the first 4 months after heart transplantation when CsA levels were 
inadvertently decreased to inadequate concentrations. Rejection 
was diagnosed histologically in endomyocardial biopsies (ISHLT 
grade 3 or more) [2]. 

PBMC were isolated from heparinised blood by density gradi- 
ent centrifugation using Ficoll-Isopaque (6 = 1077). Spleen cells 
were obtained by mechanical dissociation of small pieces of spleen 
derived from the organ donor as previously described [l]. 

Proliferation tests 

For MLC and TET stimulation, 100 pl of a PBMC suspension of 
5 x 10' cellsiml in culture medium (RPMI 1640-DM supplemented 
with 4 mM L-glutamine, 100 IUiml penicillin and 10 % heat-inacti- 
vated human AB serum) was added to 5 x lo4 irradiated (60 Gy) 
donor spleen cells (direct pathway); TETat 7.5 I f h l  (RIVM, Bilt- 
hoven, The Netherlands) final concentration (indirect pathway); 
phytohaemagglutinin M (PHA, 1 : 100 final dilution) to control 
the viability of the cells; and culture medium. After 6 days of incu- 
bation at 37" in a humified atmosphere of 5 YO CO, in air, cell pro- 
liferation was measured by the incorporation of [3H]thymidine 
(0.5 pciiwell) added during the last 8 h of culture. The mean 
counts per minute (cpm) were determined and expressed as the 
stimulation index (SI). The SI is the ratio of the cpm obtained in 
the presence of antigen to the cpm obtained in the absence of anti- 
gen. 

CsA levels 

CsA trough levels were measured in plasma from the same blood 
samples as described above using a radioimmunoassay with 
[1251]labelled CsA and CsA-specific monoclonal antibodies (Cy- 
clo-Trac S P  Incstar, Stillwater, Minn., USA). CsA plasma levels 
were maintained at therapeutic concentrations of 100-150 ng/ml 
after transplantation. Levels below 100 ng/ml were considered in- 
adequate. 

Results 

Patient 1 (Fig. 1 A) experienced a rejection episode on 
day 75 after transplantation. On this day, a decrease in 
the level of CsA was found, while at the same time the 
response to the direct donor antigen presentation path- 
way increased. In contrast to the situation 1 day before 
transplantation (SI = 11), the indirect pathway became 
and remained undetectable (SI < 2) after transplanta- 
tion. After anti-rejection therapy with steroids and in- 
creasing the dose of CsA, the response to the direct pre- 
sentation route slowly decreased when the CsA levels 
normalised. 

Patient 2 (Fig. 1 B) had two successive biopsies with 
histological signs of acute rejection on day 44 and 
day 51 after transplantation, when the CsA plasma lev- 
els proved to be inadequate. After treatment with ste- 
roids and adjusting the CsA dose on day 44, only a small 
increase in the CsA plasma level was detected on 
day 51, while the PBMC strongly responded to the di- 
rectly but not to the indirectly presented antigens. A 
second anti-rejection therapy with rabbit anti-thy- 
mocyte globulin and a higher dose of CsA proved to be 
necessary. Thereafter, the CsA concentrations in plasma 
reached normal levels, the direct pathway became unde- 
tectable and no further histological signs of rejection 
were found. 

Patient 3 (Fig. 1 C) experienced the first rejection pe- 
riod 66 days after transplantation during a drop in CsA 
concentration in plasma, while 12 days before a high re- 
activity of PBMC to the directly presented donor anti- 
gens had been found. After anti-rejection treatment 
with steroids and increasing the CsA dose, the response 
to the direct pathway decreased. On day 117 after trans- 
plantation a second rejection episode was observed, ac- 
companied by a combination of another fall in the CsA 
level in plasma and an increment of the response to the 
indirectly presented antigens. After anti-rejection ther- 
apy consisting of steroids and increasing the dose of 
CsA, the CsA levels normalised and reduction of the re- 
sponse of PBMC to the indirect pathway was found. 
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In the present study, we analysed four rejection episodes 
occurring at a time when the CsA trough levels were in- 
adequate. During only one of these episodes the indirect 
antigen presentation pathway was functional (SI > 2) 
(Fig. 1 C), while during the other three rejection periods 
(Fig. 1) only the direct pathway was found to be intact. 
This finding is consistent with data described by Muluk 
et al. [5], who showed that the indirect presentation path- 
way is more susceptible to CsA therapy than the direct 
pathway. In agreement with these results, Clerici et al. 
[3] demonstrated that in vitro exposure of CsA to stimu- 
lated PBMC suppressed the indirect presentation path- 
way more strongly than the direct presentation pathway. 
Also Gallon et al. [4] confirmed that CsA inhibits prolif- 
eration of in vivo -primed T-cells to indirectly presented 
MHC peptides. In addition, recently, we have shown 

that a TET response (indirect pathway) was more fre- 
quently found before (75 %) compared to the first year 
after (13 %) clinical heart transplantation [l]. 

Others suggested that only the indirect presentation 
pathway correlates with acute rejection, independently 
of the direct pathway [3 ,  51. In contrast, from our data 
we conclude that acute rejection after clinical cardiac 
transplantation in the presence of inadequate CsA lev- 
els may be accompanied by an increment in the re- 
sponses of PBMC both to directly presented donor anti- 
gens or indirectly presented antigens. Therefore we con- 
clude that after clinical heart transplantation CsA may 
prevent rejection by blocking both the direct and indi- 
rect presentation routes. 
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