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ABSTRACT 

The effect of local graft irradiation on' immune response in allograft in which acute 
rejection occurs was studied using an in vitro model. Unidirectional mixed lymphocyte 
culture (MLC) was used as the in vitro model of acute rejection.· 150 and 300 rad 
x-irradiation suppressed mixed lymphocyte reaction (MLR) but did not cell-mediated-lym
pholysis (CML) of unsensitized lymphocytes. X-irradiated alloantigen ~ensitized cells 
(ASC) generated in 6-day MLC suppressed MLR and CML of unsensitized lymphocytes. 
Suppressive effects of x-irradiated ASC were of the same. degree by x-irradiation doses 
of 150-500 rad. Suppressive effect of x-irradiation was maintained for only a short 
period after x-irradiation. Potential function of suppressor precursor cells among 
unsensitized lymphocytes was abolished by x-irradiation of 300 rad. 

INTRODUCTION 

Local graft irradiation (LGI) is u~_ually ad
ministered as treatment for acute rejection in 
human renal transplantation. In animal ex
periments, man:y reports2, 7,lo,le> have been pub
lished on the efficacy of immunosuppressive 
effects of LGI. But, in human renal trans
plantation, it's efficacy has not yet been estab
lished. For example, Fidler et al. a> reported 
treating acute rejection in life-threatening in
fection cases with LGI alone which resulted 
in achieving favourable graft survival. Abram
son et alY reported that LGI alone was useful 
in reversing acute rejection. Godfrey et al. s> 
reported that LGI was effective in controlling 
acute rejection but was not effective in improv
ing graft survival rate one year after trans
plantation. Nakajima et al. 13> reported that they 
treated acute rejection using LGI and high
dose-steroids at the same time, with no im
provement of graft survival rate. Pilepich et 
al. 15>, on the other hand, reported that treat-

ment with LGI lowered the graft survival rate. 
Perhaps, one of the reasons why LGI does not 
improve graft survival rate is that acute rejection 
readily recurs in recipients treated by LG 18• 15>, 
although it is effective in reversing acute rejec
tion. Despite host lymphocytes newly enter 
into the graft after LGI, why is there reversal 
of acute rejection by LGI? Why does acute 
rejection readily recur after LGI? 

In this paper we will report on immune 
response in graft after LGI, based on the results 
of our study on effects of low dose irradiation 
using unidirectional mixed lymphocyte culture 
as an in vitro model of acute rejection. 

MATERIALS AND METHODS 

Isolation of lymphocytes. Human peripheral 
lymphocytes were obtained from healthy non
transfused adults by Ficoll-Conray density gra
dient3>. After washing 3 times, the lymphocytes 
were suspended in RPMI 1640 (Gibco) sup
plemented with 20% pooled heat inactivated 
human male serum, 100 u/ml of penicillin and 
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100 µg/ml of streptomycin, and used for culture. 
All cultures were done at 37° C in a humidified 
incubator with 5 % C02• 

Generation of alloantigen sensitized cells 
(ASC). To generate ASC, unidirectional bulk 
mixed lymphocyte culture (bulk MLC) was per
formed. That is, 1x107/10 ml of responding 
cells were mixed with 1 x 107 /10 ml of mito
mycin C (33 µg/ml) treated allogeneic stimulat
ing cells in Falcon 3013 culture flask and cul
tured. After 6 days of cultere, ASC were har
vested from bulk MLC. Dead cells and cell 
debris of ASC were removed by Ficoll-Conray 
(1090) density gradient5>, after which viability 
of ASC was measured by trypan blue ex
clusion test. ASC viability was in excess of 
95%. Although different donors were used in 
different experiments, to simplify the description, 
responding cells in all experiments were de
scribed as A, and all donors used as stimulating 
cells were described as B. Thus, the generated 
ASC were called ABm. 

Mixed lymphocyte reaction (MLR) assay. 
Micro MLC was established by adding 1 x 105 / 

0. 1 ml of responding cells (A) and 1 x 105 /0.1 
ml of stimulating cells (Bm) to wells in a flat 
bottom microculture plate (Falcon 3042). At 
initiation of culture, 0. 05 ml of medium, or 
5x104/0. 05 ml of x-irradiated ASC (X-ASC), 
or 5x104/0. 05 ml of x-irradiated responding 
cells A (X-A) were added to micro MLC, 
which were performed in triplicates. Determi
nation of MLR was carried out by taking 
counts, with a liquid scintilation counter (Pack
ard Model 3255), of the incorporated 3H-thy
midine (3H-TdR, Amersham) which had been 
added in amounts of 0. 5 µCi/well 18 hr prior 
to harvesting. The MLR values were obtained 
using the following equation. 

cpm of test MLC 
MLR cpm of control MLC 

(A+Bm+X-ASC) 
(A+Bm+X-A) on day 6 xlOO 

Cell-mediated-lympholysis (CML) assay. De
termination of CML was made in accordance 
with the 51Cr releasing assay method of Light
body et al. 11>. That is, 5 x 106 /5 ml of respond
ing cells A were cultured with 5 x 106 /5 ml of 
stimulating cells Bm in a Falcon 3013 culture 
flask to generate effector cells (macro MLC). 
At the initiation of culture, 2. 5 ml of medium, 
or 2.5xl06/2.5ml of X-ASC, or 2.5xl03/ 

2. 5 ml of X-A was added to each flask. After 
6 days of culture, the cells were harvested 
and, after removing the dead cells, the remain
ing cells were used as effector- cells. Stimulators 
B, which were cultered with· PHA (Difeo) for 
3 days, were labelled with Na2

51Cr04 (New 
England Nuclear), and then used as target cells. 
Aliquots of 5x105 /0. 1 ml of effector cells and 
1x104/0. 1 ml of target cells were cultured in 
wells of round bottom micro-culture plates 
(Nunc, 163-320). After 4 hr of culture, 0. 1 
ml of the supernatant was collected from each 
well and the released 51Cr was counted by a 
gamma counter (Shimazu RAW-600). The 
results were described as percent cytotoxicity 
using the following equation. 

CML Experimental 51Cr release 
Maximal 51Cr release 

-Spontaneous 51Cr release 
-Spontaneous 51Cr release 

x100(%) 
X-irradiation was administered by Shimazu 

x-ray machine (50 rad/min) at room tempera
ture. 

RESULTS 
First, the effect of ASC on MLR was studied 

(Fig. 1). Micro MLC (A+ Bm) was established 
by adding x-irradiated ASC or A at its initia
tion, and determination of MLR was made 
with the elapse of time. Similer determination 
was made using as control, MLC to which 
only medium was added. MLR (A+Bm+X-A) 
showed the same response as MLR (A+Bm+ 
medium). MLC (A+Bm+X-ASC) to which 
150 rad x-irradiated ASC had been added showed 
reduced MLR with no kinetic change (p<O. 001). 
The degree of the suppressive effect of X-ASC 
on MLR did not change with x-irradiation dose 
in the range of 150-500 rad. The peak of MLR 
was observed to be produced earlier, in 4-day 
culture, with the addition of non-x-irradiated 
ASC. Secondary MLR of ASC themselves 
peaked in 4-day culture. Therefore, ASC x
irradiated with doses of 150 to 500 rad were 
considered to have MLR suppressive effect. 

Next, study was made of the effect of x
irradiated ASC on CML (Table 1). Macro MLC 
(A+Bm), to which X-ASC or X-A were added, 
were cultured for 6 days. As control, similar 
culture was done adding 2. 5 ml of medium 
instead of X-ASC. Macro MLC (A+Bm+X-
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Days in MLC 

Effect of X-irradiated ASC on MLR 

A+Bm+X-A 

A+ Bm +Medium 

A+Bm+X-ASC (150rad) 

A+Bm+X-ASC (300rad) 

A+Bm+X-ASC (500rad) 

A+Bm+ASC 

ASC+Bm 

5 6 7 

*p<O. 001 Peak of 8H-TdR incorpration of MLC with addition of X-A versus peak 
of 8H-TdR incorporation of MLC with addition of X-ASC (150, 300, 500rad) 
Results are expressed as the mean of 6 different experiments. 
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Table 1. Effect of X-irradiated ASC on CML Table 2. Cytotoxic Activity of ASC Generated 
After X-irradiation 

Macro MLC CML (%) 

A+Bm+Medium 52.5±17.9 

A+Bm+X-A (150rad) 51.7±18.7 

A+Bm+X-ASC (l50rad) 26.1±11. 9* 

A+Bm+X-ASC (300rad) 24.5±11. l * 
A+Bm+X-ASC (500rad) 24.2± 9.6* 

* p<O. 02 CML with addition of X-A versus CML 
with addition of X-ASC (150, 300, 500 rad) 

Results are expressed as the mean±S. D. of six diffe· 
rent experiments. 

MLC 

A+Bm 

Ax+Bm3 

Ax+Bmh 

MLR 

100 

41.6±24.7 

17.1±10.6 

CML (%) 

56.6±14.1 

55.3±14.5 

42.9±8.6 

a : responding cells were x-irradiated with 150 rad 
prior to initiation of bulk MLC 

b : responding cells were x-irradiated with 300 rad 
prior to initiation of MLC 

Results are expressed as the mean± S. D. of four 
experiments. 
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ASC) tO which 150 rad x-irradiated ASC had 
been added showed reduced CML (p<O. 02). 
The suppressive effect of X-ASC on CML did 
not change with x-irradiation dose in the. range 
of 150-500 rad. 

Next, the effect of x-irradiation on suppressor 
and cytotoxic precursor cells among unsensitized 
lymphocytes was studied. Bulk MLC (Ax+ 
Bm) was initiated after responding cells A were 
x-irradiated with· doses of 150 or 300 rad. As 
control, non-x-irradiated responding cells A were 
similarly cultured (A+ Bm). The cytotoxic and 
suppressive effect of ASC was determined After 
6 days of culture. ASC (AxBm 150) generated 
after x-irradiation of 150 rad and ASC (AxBm 
300) generated after x-irradiation of 300 rad 
showed CML of almost the same level (Table 
2). ASC (AxBm 150) showed suppression of 
MLR and CML (Table 3). However, no sup
pression was demonstrated by ASC (AxBm 
300). Therefore, the interpretation was made 
that the suppressor precursor cells among the 
responding cells were either destroyed or devi
talized by x-irradiation of 300 rad, but cytotoxic 
precursor cells were not abolished by 300 rad. 
This indicates that x-irradiation of 300 rad is 
over dose for LGI. 

Next, study was made of the suppressive 
effects of suppressed bulk MLC cells (A+ Bm + 
X-ASC) which had been cultered for 6 days 
with the addition of X-ASC to elucidate the 
effect of LGI 6 days after irradiation. Bulk 
MLC cells (A+Bm+X-ASC) which was cul
tured for 6 days is called ASC'. The sup-

Table 3. Suppressive Effect on MLR and CML 
of ASC Generated After X-irradiation 

MLC MLR CML(%) 

A+Bm+X-ASC (ABm) 48.5±12.1 6.2±5.6 

A+Bm+ X-ASC (AxBm 150)a 50.0±10.910.3±5.4 

A+ Bm+X-ASC (AxBm300)h 99.3±16.3 48.1±14.3 

A+Bm+X-A 100 44.3±15.6 

a : ASC generated after responding cells were x
. irradiated with 150 rad prior to initiation of bulk 

MLC 
b : ASC generated after responding cells were x

irradiated with 300 rad prior to initiation of bulk 
MLC 

Results are expressed as the mean±S. D. of four 
experiments. 

Table 4. Suppressive Effect on MLR and CML of 
cells (ASC') Cultured for Six Days in MLC with 
Addition of X-irradiated ASC 

MLC 

A+Bm+X-A 

A+Bm+X-ASC 

A+Bm+X-ASC'a 

MLR CML (%) 

100 60.6±24.5 

35.6±29.5* 28,4±18.2** 

85.2±18.4 58.9±18.5 

a : MLC cells cultured for six days with addition of 
X-ASC 
* p<O. 005 MLR with addition of X-ASC versus MLR 

with addition of X-ASC' 
** p<O. 01 CML with addition of X-ASC versus CML 

with addition of X-ASC' 
Results are expressed as the mean±S. D. of six diffe
rent experiments. 

pressive effect of ASC' on MLR and CML was 
determined (Table 4). MLC added X-ASC 
showed reduced MLR and CML. However 
MLC added X-ASC' showed the same MLR 
and CML as the control. Therefore, it was 
interpreted that the suppressive activity of LGI 
was maintained for only a short period after 
x-irradiation. 

DISCUSSION 

Makinodan et al. 12> reported that irradiation 
of 100 rad caused reduction of unsensitized or 
sensitized immunocompetent cells, that this effect 
was proportional to irradiation dose, and that 
irradiation of over 300 rad suppressed antibody 
response. Nichols et al.14> reported that gamma
irradiation of 200 rad inhibited MLR of unsensi
tized lymphocytes and secondary MLR of sen
sitized lymphocytes. We, also, found that fresh 
MLR and secondary MLR were inhibited by 
x-irradiation of 150 rad (unpublished data). 

Although, effect of x-irradiation to immuno
competen t cells was different in vivo and in 
vitro, the results presented in this paper strong
ly suggest that immunosuppressive mechanism 
by LGI has not only the direct immunosup
pressive effects described above but also the 
indirect immunosuppressive mechanism of irra
diated alloantigen sensitized lymphocytes in the 
graft to suppress the attack of unsensitized 
lymphocytes newly entering graft after LGI. 
By this indirect immunosuppressive effect, acute 
rejection is considered to be mitigated despite 
the entry of host lymphocytes into the graft 
after LGI. 
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Because suppressor precursor cells are abol
ished by 300 rad x-irradiation, cytotoxic precur
sor cells are not abolished by 300 rad x-irradi
ation and the degree of immunosuppressive 
effect of x-irradiated alloantigen sensitized lym
phocytes do not change with doses in the 
range of 150-500 rad, 150 rad which is usually 
used is believed to suffice as x-irradiation dose 
per LGI. However, the disappearance of the 
immunosuppressive effect of x-irradiation 6 days 
after irradiation suggests, as reported by God
frey et al. s>, that acute rejection readily recurs 
though it is temporarily reversed by LGI. 

LGI is known to have little effect on the 
systemic immune system4>. In fact, Fidler et 
al.6' reported that they treated acute rejection 
crisis in recipients with complication of life
threatening infection by LGI, with favourable 
results in reversing acute rejection. Therefore, 
LGI is believed to be ideal as a non-specific 
immunosuppressive therapy if recurrence of 
acute rejection can be suppressed by some meth
od. One possible method to prevent the recur
rence of acute rejection is to increase the fre
quency of LGI and administer it for a longer 
period as reported by Abramson et al. 1> instead 
of irradiating 150 rad every other day, three 
days. Also, as it is reported that steroid in
duces suppressor T cells\1>, another possible 
method is to administer steroid pulse therapy 
one week after LGI when the immunosuppres
sive effect of LGI disappears instead of admin
istering the two at the same time. 

If suppression of recurrence of acute rejection 
after LGI is possible, LGI will contribute largely 
to the graft survival rate and the survival rate 
of patients. 
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