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Abstract Protocols that allow al- 
lograft survival without immuno- 
suppression remain the ultimate 
goal in transplantation. Intrathymic 
injection of donor splenocytes into a 
transiently immunosuppressed re- 
cipient has induced tolerance to a 
variety of subsequently transplanted 
allografts in rats. The purpose of this 
study was to determine if recipient 
age is critical to intrathymic toler- 
ance in light of age-dependent thy- 
mic changes, and if this protocol can 
be extended to an outbred, large 
animal model. Prepubertal and 
postpubertal Wistar-Furth rats un- 
derwent intrathymic injection of 
splenocytes from Lewis rats and an- 
tilymphocyte serum (ALS) intra- 
peritoneally. On day 21, a hetero- 
topic Lewis heart was transplanted, 
with graft survival evaluated by car- 
diac palpation. Graft tolerance 
( > 100 days) occurred in four out of 
five (80 YO) of the prepubertal rats 
compared to two out of six (33 YO) 
postpubertal rats. Tolerance was not 
demonstrated in rats receiving in- 
trathymic injection of buffer only. In 
puppies, groups 1 and 2 underwent 
splenectomy with intrathymic injec- 

tion of a110 splenocytes. Control 
puppies (group 3) received intrathy- 
mic auto splenocytes. Groups 1 and 
3 were given antilymphocyte gamma 
globulin (ALG) on days 7 to 0 with 
respect to the intrathymic injection. 
Group 2 did not receive ALG, but 
instead received cyclosporin A 
(CSA) on days 0-2. On day 21, all 
puppies underwent bilateral ne- 
phrectomy and single renal trans- 
plantation. No additional immuno- 
suppression was given. Tolerance 
(creatinine < 7 mg/dl for 100 days) 
was not obtained by any dog in all 
three groups. There was no differ- 
ence in graft survival between con- 
trol and experimental dogs, with the 
longest surviving graft seen in a 
control dog (26 days). Our results 
suggest that thymic change during 
maturation may alter the ability to 
induce tolerance by intrathymic in- 
jection of donor cells in rats, and 
that the protocol is not easily 
adapted to large animals. 
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1950's by Medawar [l]; since then many protocols have 
successfully induced donor-specific unresponsiveness in 
selected inbred rodent donor-recipient strain combina- 
tions [4-81. In other reports, cyclosporin (CSA), a com- 
mon immunosuppressive agent, has been used as an ad- 
junct to tolerance induction [2,3]. It is thought that the 

Introduction 

Permanent acceptance of an allograft without long-term 
nonspecific immunosuppressant medications is the goal 
of transplantation research. The concept of induction 
of transplantation tolerance was pioneered in the 
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mechanism of action of CSA is that it interferes with 
secondary signals involved in cellular immunological in- 
teractions. Unfortunately, many of the experimental 
protocols described in rodents have either not been suc- 
cessful or have not been completely tested in outbred, 
large animal models [2-81. 

One of the most recent and novel schemes to induce 
allograft tolerance in mice and rats as described by Pos- 
selt et al., involves injection of donor antigen or tissue 
into the thymus of a recipient transiently immunosup- 
pressed with an antilymphocyte antibody prior to trans- 
plantation [6]. Previously published reports on varia- 
tions of the Posselt protocol have used prepubertal ro- 
dents [4]. However, the thymus undergoes spontaneous 
involution at puberty in humans, possibly restricting 
the time period in which the thymus must be exposed 
to donor antigen. This possibility must be investigated 
prior to using the Posselt protocol in human beings. 
The purpose of this study was threefold: (1) to deter- 
mine if allograft (heart) tolerance by intrathymic injec- 
tion is equally successful in pre- and postpubertal rats, 
(2) to translate the protocol to prepubertal outbred 
dogs in a renal allograft model, and ( 3 )  to determine if 
the use of CSA rather than antilymphocyte antibody in 
the protocol could promote unresponsiveness in con- 
junction with intrathymic injection of donor cells. 

Materials and methods 
Rodent experiment 

Animals 

Prepubertal ( < 6  weeks, 100 to 150g) and postpubertal ( > 8  
months, > 400 g) Wistar-Furth (RT1, WF) rats were used as recipi- 
ents. Prepubertal Lewis (RT1, LEW) rats were the donor animals 
for the splenocytes and heart allografts. 

Preparation of donor splenocytes 

Donor LEW splenocytes were obtained by dispersion of the pulp 
through a 100-pm plastic screen followed by erythrocyte lysis with 
Tris-NH,CI (0.83 YO) at 37 "C. The splenocytes were then washed 
three times with Hank's balanced salt solution (HBSS, Celox, Hop- 
kins, Minn.) and stored at 4°C until injection. 

Intrathymic injection and immunosuppression 

The thymus of the LEW recipients was exposed through a partial 
median sternotomy and either a total of 3 x lo7 splenocytes or 
HBSS was injected into both lobes with a 30-guage needle. After 
intrathymic injection, a single 1-ml dose of rabbit anti-rat antilym- 
phocyte serum (ALS, Accurate Chemical Corp, Westbury, N. Y.) 
was injected intraperitoneally. 

Heterotopic cardiac transplantion 

Twenty-one days after intrathymic injection, heterotopic abdomi- 
nal cardiac allografts were performed by the technique developed 
by Ono and Lindsey [5] .  Graft survival was determined by daily 
palpation. A palpable heartbeat indicated graft function; cessation 
of a heartbeat along with histologic rejection defined graft failure. 
Tolerance was defined as graft survival > 100 days 

Canine experiment 

Animals 

Outbred puppies ( < 3 months old and weighing 5-10 kg) were 
used as both the recipients and donors. 

Intrathymic injection and immunosuppression 

On day 0, all puppies underwent splenectomy and intrathymic in- 
jection of 2 x 10' donor allo- or autosplenocytes. Splenocytes were 
isolated by straining through a 100-pm screen after tissue was 
minced and gently crushed at 37 "C in Tris-NH,CI (0.83 YO) buffer. 
In groups 1 and 3, antilymphocyte gamma globulin IV (ALG; 
40 mgikg per day) was administered intravenously from day - 7 to 
day 0 (with respect to the day on which the splenocyte injection 
was performed). Group 2 puppies received oral CSA (20 mgikg 
per day) for 3 days from day 0 to day 2 following splenocyte trans- 
plantation. This group did not receive ALG, and CSA was not gi- 
ven following kidney transplantation. Instead of allosplenocytes, 
the control puppies (group 3) received an intrathymic injection of 
autologous splenocytes following splenectomy. 

Renal transplantation 

Twenty-one days after splenocyte injection, the puppies underwent 
bilateral nephrectomies followed by single kidney allotransplanta- 
tions from the previous splenocyte donors for groups 1 and 2, ex- 
cept for the control group puppies (group 3) who received an injec- 
tion of their own splenocytes. Surgically, the renal artery was ana- 
stamosed end-to-end to the external iliac artery and the renal vein 
was anastomosed to the external iliac vein in an end-to-side fash- 
ion. The ureteral-bladder anastomosis was done by pulling the ure- 
ter into the bladder through a puncture on its underside and then 
fixed in place with a simple suture. No postoperative immunosup- 
pression was given, and rejection was monitored by measuring ur- 
ine creatinine levels daily. Graft failure was defined by a creatinine 
level > 7 mgidl and was histologically confirmed to be rejection. 
Tolerance was defined as graft survival > 100 days. 

Statistics 

The Mann-Whitney U-test was used for comparison of indepen- 
dent samples with nonuniform sampling distributions to determine 
the probability that differences between graft survivals were due to 
chance alone. Fisher's exact test for comparison of two proportions 
in independent samples was used to compare differences in toler- 
ance between treatment groups. 
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Animal care 

For the animal experiments, the Principles of laboratory animal 
care (NIH publication No.86-23, revised 1985) were followed, as 
well as the regulations required by the USDA Animal Welfare 
Act and the University of Minnesota animal care committee. 

Results 
Rodents (Table 1) 

In the prepubertal rodents four out of five (80 YO) ani- 
mals were tolerant (grafts functioned > 100 days), while 
in the postpubertal group two out of six (33 YO) animals 
achieved tolerance (Fisher's exact P = 0.24). Prepuber- 
tal (n  = 2) and postpubertal (n  = 4) WF rats that re- 
ceived buffer only intrathymically plus ALS did not be- 
come tolerant (mean graft survival 14 f 2 days). No ani- 
mals died due to intrathymic injection of splenocytes, in- 
traperitoneal injection of ALS, or technical complica- 
tions of the cardiac transplant. 

Canine (Table 2) 

Tolerance was not achieved in the large animal model 
(Table 2). In the experimental group that received all- 
osplenocytes intrathymically, ten out of ten grafts failed 
before 26 days; the longest duration of function was 
seen in the three controls who received an intrathymic 
injection of autosplenocytes. The addition of a short 
course of CSA following allosplenocyte injection did 
not prolong renal allograft survival. No animals died 
due to intrathymic injection of splenocytes, nor did 
ALG or CSA therapy result in death. Three allografts 
failed due to technical failure (i. e., urine leak or throm- 
bosis), and the dogs were not included in analysis. 

Discussion 

Many investigators have shown that donor-specific tol- 
erance can be induced in rodents after intrathymic injec- 
tion of donor alloantigen followed by subsequent trans- 
plant of various allografts [4-71. In humans the thymus 
undergoes spontaneous postpubertal involution. There- 
fore, thymic change may alter the effect of induced tol- 
erance by donor intrathymic transfer in animals. In our 
study, tolerance was more frequent in prepubertal rats 
after intrathymic injection of allosplenocytes and ALS 
therapy. However, further studies using larger numbers 
of rats are needed to determine if the differences are 
statistically significant. 

When a similar protocol of intrathymic injection of 
alloantigen and ALS for donor-specific tolerance was 

Table 1 Lewis cardiac allograft survival in prepubertal (Pre) and 
postpubertal (Post) Wistar-Furth (WF) rats after receiving Lewis 
splenocytes intrathymically (IT) and antilymphocyte serum (ALS) 

Group n Treatment Graft survival time Toleranceb 

days" median ("/I 
Pre 5 ITLewSC 15,>1OOx4 100 4/5(80) 

Post 6 ITLew SC 9,9, 10,53, 37.5 216 (33) 
+ ALS 

+ ALS > 100x2 

Mann-Whitney P = 0.14 
" Fisher's Exact - P = 0.24 

Table 2 Renal allograft survival in prepubertal dogs after intrathy- 
mic (IT) injection of auto- or allosplenocytes with antilymphocyte 
gamma globulin (ALG) or cyclosporin (CSA) immunosuppression 
(SC splenocytes) 

Group Treatment n Graft survival time Tolerance 
days" median (Yo) 

1 Tallo SC 10 3 ,5 ,6  x 3,7,8, 6.5 0/10 (0) 

2 ITallo SC 5 7, 7,8,8,  11 8.0 015 (0) 
+ ALG 15 x 2,25 

+ CSA 

+ ALG 
3 ITauto SC 3 7,7,26 7.0 013 (0) 

a Mann-Whitney 1 vs 2 P = 0.46; 1 vs 3 P 0.31; 2 vs 3 P = 0.88 

transferred to large animals, puppies were chosen as 
the experimental model based on the improved results 
in the prepubertal rats. With our protocol, puppies re- 
ceiving intrathymic allosplenocytes and ALS prior to re- 
nal allograft transplantation failed to demonstrate graft 
survival consistent with tolerance as defined in this 
study. The substitution of CSA as an adjunct to intrathy- 
mic injection of splenocytes was also unsuccessful in 
prolonging graft survival. Thus, a protocol designed to 
inhibit antigen recognition and sensitization via second- 
ary signals at the time of antigen presentation did not al- 
ter time to graft rejection in this model. 

Failure to replicate long-term survival by intrathymic 
transplant in the dog model implies that this phenome- 
non may be species specific. Thus, tolerance by intrathy- 
mic donor splenocyte injection, like many other toler- 
ance schemes, may be unique to young, inbred rodents. 
Variations in lymphocyte depletion, intrathymic tissue 
type and dose, timing of the allograft placement, and 
the duration and dose of adjunct therapies (i.e., total 
lymphoid irradiation, immunosuppressive drugs, ultra- 
violet irradiation of donor tissue, etc.) need to be stud- 
ied further if allograft unresponsiveness is to be ob- 
tained in higher mammals. 
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