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The question as to why major histocompatibility complex (MHC) a antigens are 
uniquely powerful primary immunogens and in this respect differ from antigens of 
the minor systems has not yet been clearly answered. A number of suggestions have 
been made in the past (1-3), but they have not taken into account the remarkable 
variation in strength with which MHC antigens induce primary, T-dependent 
responses, depending upon how the antigens are presented. In some strains, for 
example, the donor tissue must contain viable, metabolically active cells, a l t h o u g h  
these need not necessarily be capable of cell division; thus x-irradiated lymphoid cell 
suspensions can provoke strong primary alloimmune responses, but ultra-violet irra- 
diated cells (4) or unfixed lymphocyte plasma membrane preparations (5) fail to do 
so, even though they carry MHC antigens structurally unaltered insofar as they 
specifically absorb alloantibodies. Furthermore, the donor tissue must contain cells 
bearing MHC alloantigens of class II type (i.e., homologues of Ia for mouse and HLA- 
D / D R  for man); thus, incompatible rodent erythrocytes or platelets fail to induce 
strong primary alloimmune responses (6, 7), although they are quite sufficient for 
inducing secondary (memory) responses. 

It has been previously shown (8) that long-surviving, immunologically enhanced 
MHC-incompatible rat kidney grafts, when retranspIanted from a primary to a 
secondary recipient of the same genotype, do not elicit strong primary T-dependent 
alloimmunity in the secondary recipient. In contrast, normal primary kidney allografts 
in the relevant donor/recipient combination [(AS × AUG)F1 donor, AS recipient] do 
arouse strong primary T-dependent immunity, and the grafts are regularly rejected 
within 12 d (8). The failure of long-surviving kidney grafts to activate T helper cells 
cannot be attributed to an absence of either class I or II MHC alloantigen because 
the grafts carry both (9, 10). We suggested that the crucial difference between the 
long-surviving and normal kidney allografts that accounted for the feeble immuno- 
genicity of the former was that the long-surviving grafts did not contain incompatible 
passenger leukocytes. The experiments described in this report show that strong 
immunogenicity can be restored by injecting (AS × AUG)Fx dendritic cells at the 
time of retransplantation. The immunogenic effect of purified, viable T or B lympho- 
cyte suspension was found to be at least 2 log orders of magnitude less than that 
provided by dendritic cells. The results suggest that MHC-incompatible allografts are 

1 Abbreviations used in this paper." i.v., intravenous; MHC, major histocompatibility complex; MLC, mixed 
lymphocyte culture; PBS, phosphate-buffered 0.15 M saline. 
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uniquely  powerful pr imary immunogens  only if they also conta in  MHC- incompa t ib l e  

dendrit ic cells. The  immunogenic i ty  of convent ional  macrophage populat ions lacking 
dendrit ic ceils or their precursors remains to be elucidated clearly, a l though our data  
points to their having only weak immunogenici ty .  Wi th  this qualification, it is 
suggested that MHC- incompa t ib l e  tissues devoid of dendrit ic cells provoke responses 
comparable  to those induced by minor  system incompatibil i t ies or the s tandard  T- 
dependent  protein antigens. 

M a t e r i a l s  a n d  M e t h o d s  
Animals. We used the following inbred rat strains or hybrids derived from them: AS 

(RTIA 1) and AUG (RTIA ~) (11). The parental strains were bred at the National Institute for 
Medical Research, Mill Hill, England, and hybrids from them were bred in the experimental 
animal unit at this institution. All rats were maintained here. 

Kidney Transplants and Retransplants. These were performed by conventional microsurgical 
technique, as previously described (8). Animals were inspected at regular intervals for survival 
and bled for serum urea estimations on days 7, 10, 14, 21, and 28. Enhancement of (AS X 
AUG)F1 kidneys transplanted into AS recipients was induced by means of a combined active 
and passive regime (12, 13) by injecting transplant recipients intravenously (i.v.) with 5 X 10 v 
donor strain spleen cells 11 d before kidney transplantation, 1 ml of AS anti-AUG strain anti- 
serum 1 d later, and a further I ml of the same anti-serum at the time of transplantation. 

Serum Ureas. The glucose creatinine urea analyser 919 (Instrumentation Laboratories Ltd., 
Warrington, Cheshire, England) was used, using an area enzymatic rate reaction method on 
40-/11 samples. 

Preparation of T Cell- and B Cell-enriched Populations. Lymphocytes were derived from either 
peripheral blood by density centrifugation on Ficoll Hypaque (P --- 1.090) or from thoracic 
duct lymph. Enrichment for T cells was achieved by incubation of the cells on nylon wool 
columns and collecting the nonadherent cell population (14). B cell-enriched populations were 
prepared by incubating neuraminidase (type VI; Sigma Chemical Co., St. Louis, Mo.)-treated 
cells on a Helix Pomatia coupled Sepharose 6MB column (AB; Pharmacia Fine Chemicals, 
Div. of Pharmacia Inc., Piscataway, N.J.) (15). To check that the enrichment procedures were 
satisfactory, some samples of the T-enriched and the B-enriched cell suspensions were incubated 
with fluorescein isothiocyanate-labeled anti-rat immunoglobulin, washed, and examined by 
fluorescence microscopy for the presence of lymphocytes with surface immunoglobulin. T cell- 
enriched suspensions contained <10%, and B cell suspensions contained >80% of surface 
immunoglobulin-postive lymphocytes. 

Preparation of Macrophages. Macrophages were obtained from a starting population of spleen 
or peritoneal exudate cells. Single cell spleen suspensions were obtained by in vivo and in vitro 
spleen digestion; collagenase (Sigma Chemical Co., type I, 75 mg/kg in ~ 1 ml of phosphate- 
buffered saline [PBS]) was injected i.v., and the rat was killed 15 min later. The spleen was 
removed, diced into small pieces (~0.04 cm a) and rotated in RPMI 1640 medium containing 
protease from Bacillus polymyxa (Sigma Chemical Co., type IX, 1 U/ml for 30 min at 37°C). 
After this, the cells were flushed through a metal sieve (pore size, 300/lm) and washed three 
times. Macrophages were positively selected from these populations by adherence to Falcon 
plastic (Falcon Labware, Div. of Becton, Dickinson & Co., Oxnard, Calif.). The cells were 
plated out (~4 × 107 cells/9-cm diam Falcon plastic petri dish; Falcon Labware) in RPMI 
1640 medium supplemented with YTc fetal calf serum. After l-h incubation at 37°C, the 
nonadherent cells were gently rinsed with warm medium, and fresh medium was added 
containing 0.6 mM EDTA. After a further 15-min incubation, the released adherent cells were 
vigorously pipetted off and washed. The majority of cells had the morphological appearance of 
macrophages, but they were not tested for the presence of relevant surface marker antigens. 

Preparation of Dendritic Cells. These cells were derived from thoracic duct afferent lymph, as 
described by Mason et al. (16). In brief, abdominal lymph nodes--mesenteric, para-aortic, 
renal, and coeliac--were removed from donor strain rats aged ~2 mo. After an interval of 6 wk, 
these rats were x-irradiated (700 rad), and thoracic duct cannulation was performed within the 
following 24 h. Lymph was collected over a 48-h period. Further enrichment for dendritic cells 
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was achieved by a density centrifugation step (17). Cells were suspended in dense bovine 
albumin, P = 1.084, overlayered with less dense albumin, P = 1.050, and centrifuged at 10,000 
g, 4°C, for 30 rain. The interface contained a population of 50-75% dendritic cells, judged by 
the striking morphological appearance of these cells. No tests for surface marker antigens were 
made. 

Measurement of the Volume of Blood Contained in a Nephrectomized Rat Kidney. Rat erythrocytes 
were washed and packed; to 1 ml packed cells was added 0.26 mC of SXCr in 20 p,l. After 15 min 
at room temperature the cells were washed, and 100 #1 of packed cells in 1 ml PBS (emitting 
~ 106 CPM) was injected i.v. into each of three rats. After allowing 5 min equilibration time, 
the left renal vessels were clamped, and the left kidney was removed, blotted, and squeezed, as 
for transplantation. The animals were bled from the aorta. Gamma-emissions from 1 ml of 
blood and the left kidney of each rat were measured in an LKB 1280 uhro-gamma spectrometer 
(LKB Instruments LTD., Surrey, England). The results are set out in Table I, The amount of 
blood transferred in a kidney graft varies according to the size of the kidney and how vigorously 
the kidney is blotted and squeezed. However, the normal passenger blood volume of a rat 
kidney weighing 1 g is ~0.1 ml when calculated from these results. In experiments to examine 
the immunogenicity of unfractionated blood cells, blood was withdrawn from heparin-treated 
(AS × AUG)F1 donors, and the plasma and excess heparin was removed after centrifugation. 
This procedure was found necessary to prevent persistent haemorrhage from the renal vascular 
anastamoses. 

R e s u l t s  

Passenger cells in a k idney al lograft  can be loosely d iv ided  into in t ravascu la r  and  
ext ravascular  components .  To  de te rmine  which cells are  responsible for the  s t rong 
p r imary  immunogen ic i ty  character is t ic  of  convent iona l  k idney allografts ,  the  follow- 
ing exper imenta l  design was used throughout .  Long-surviving,  enhanced  (AS × 
AUG)F1 kidneys residing in AS p r imary  recipients  for > 4  wk were r e t r ansp lan ted  
into secondary  AS recipients.  An imal s  receiving re t ransplan ts  were also injected 
in t ravenously  wi th  cell subpopu la t ions  der ived from (AS × AUG)F1 donors.  

The Effects of (AS × A UG)Fa Blood on the Survival of Retransplanted Kidney 
Allografls. The  rats in this exper iment  were injected with  the cells from 0.1 or 0.5 ml 
of  blood.  Cont ro l  rats received no blood.  F rom T a b l e  II  it can be seen tha t  all an imals  
given 0.1 ml of  b lood,  i.e., the amoun t  previously demons t r a t ed  to be con ta ined  

wi thin  a k idney p repared  for t r ansp lan ta t ion ,  showed ex tended  survival.  Th ree  out  of  
the four rats had  negligible rejection episodes and  were kil led after  3-4  mo. T h e  
fourth (723) suffered a marked  rejection episode but  survived for over 4 wk. It appears  
tha t  the amoun t  of  b lood normal ly  presented in a k idney al lograf t  does not  provide  
the necessary st imulus for graft rejection. W h e n  as much  as 0.5 ml of  b lood  was 
injected, two out  of  four rats suffered acute  graft des t ruct ion and  all had  sharp ear ly  

rejection episodes. This  suggests that  a l though  the amoun t  of  b lood known to r ema in  

TABLE I 

Calculation of Renal Passenger Blood Volume 

Blood volume 
Rat 1 ml Blood Kidney Kidney Calculated corrected to 

number CPM CPM weight blood volume kidney weight 
o f l g  

g ml 
1 216,505 12,157 0.872 0.056 0.064 
2 164,564 19,540 1.078 0.119 0.110 
3 203,304 17,599 0.753 0.087 0.113 
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TAnLE II 
Survival and Function of (AS X A UG)Fx Kidneys Retransplanted into Secondary AS Recipients Treated 

with (AS × AUG)F1 Blood Cells 

Rat Serum urea 
Survival 

number Day 0 Day 7 Day 10 Day 14 Day 21 Day 28 

mmol/ liter d 
716" 10.5 6.5 10.0 9.0 7.5 8.0 >100 
717" 13.0 8.5 ND:~ 13.8 15.0 14.0 >100 
718" 11.5 ND 29.0 15.5 12.5 12.5 > 100 
723* 10.0 12.0 >50 ND 26 83 29 

715§ 9.0 7.0 50.0 22.5 12.0 13.5 >100 
720§ 17.0 8.3 >50.0 --  --  - -  12 
721§ 10.6 8.1 > 5 0 . 0  . . . . .  11 
724§ 12.0 7.4 44.0 22.0 22.0 18.0 > 100 

70111 9.5 8.0 11.8 8.5 11.0 10.9 >100 
703[I 14.2 8.8 12.0 8.0 8.0 ND > 100 
71311 14.5 7.5 11.8 9.5 10.8 10.0 > 100 
714[[ 9.5 9.0 14.5 11.2 10.5 10.8 >100 
71911 8.5 6.0 8.0 ND 8.0 10.0 >100 

*0.1 ml. 
:~ Not done, in this and all other tables. 
§ 0.05 rnl. 
II Controls not given blood. 

in a kidney prepared for t ransplanta t ion  is insufficient to provoke graft destruction if 

given to the secondary recipient, blood does conta in  a cell or cells in small numbers  
with this property. The i r  effect is demonstra ted in the rats treated with 0.5 ml blood. 

The Effects of (AS × A UG)Fa Tand B Lymphocyte-enriched Suspensions on the Survival of 
Retransplanted Kidney Allografis. These cell subpopula t ions  were derived from either 
peripheral blood or thoracic duct lymph,  and  the relevance of the source will be 
referred to in the discussion section. In the T cell-treated animals  (Table III), two of 
seven rats given 2 mill ion cells derived from blood died from acute graft rejection; the 
other five rats showed extended or indefinite survival, a l though two appear  to have 
undergone a transient rejection episode. Prolonged survival was observed in all four 

animals  receiving 5 mill ion thoracic duct  T cells, and  only one of these had a 
significantly elevated serum urea suggestive of a rejection episode. Furthermore,  lower 
doses of T cells (10 r') did not provoke acute graft destruction (data not shown). 

Two groups of rats were treated with cell suspensions of enriched B lymphocytes 
(Table IV). For those receiving 2 mill ion cells, the source before enr ichment  was 
peripheral blood, and  for those receiving 5 mill ion cells, it was thoracic duct effluent. 

All the animals  in these groups have shown extended survival; one an imal  died at 
day 47 and  the other five are likely to enjoy indefinite survival as judged  by their 

serum urea values. 
The Effects of (AS X A UG)F1 Adherent Cells on the Survival of Retransplanted Kidney 

Altografis. The method used to prepare adherent  cell suspensions was subject to some 
variabil i ty between experiments, but  despite this, a consistent effect was observed 

after t reatment  with 2 X 106 adherent  cells, all animals  suffering a rejection episode, 
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TABLE I I I  

Survival and Function of (AS X A UG)F1 Kidneys Retransplanted into Secondary AS Recipients Treated 
with (AS × AUG)Ft T Cells 

Serum urea 
Rat number Survival 

Day 0 Day 7 Day 10 Day 14 Day 21 Day 28 

retool/liter d 
M30* 8.1 19. l 70.4 21.7 15.4 17.2 > 100 

M31* 10.1 ND$ 10.9 21.4 14.8 13.3 >100 
M32" 11.1 11.1 21.8 13.5 21.3 12.8 >100 
M37" 11.0 6.6 74.4 - -  - -  - -  l 1 
M40* 12.6 15.3 58.4 82.9 - -  - -  16 
M41" 9.9 7.4 45.9 28.3 14.8 26.1 28§ 
M42" 9.8 9.6 21.2 14.3 9.1 8.6 > 11210 

M481 17.2 7,3 55 27.5 42 24.0 47 
M491 10.7 7,1 11.0 14.5 11.5 11.7 >60 
M90II 10.4 6.5 ND 15.4 12.6 13.6 >28 
M91H 9.3 7.2 ND 11,9 10.1 8.9 >28 

* 2 × 106 cells. 
:~ Not done. 
§ M41 killed on day 28 because of large subcutaneous abscess. The cause of death was infection. 
II 5 × 106 cells. 

TABLE IV 

Survival and Function of (AS X A UG)Fa Kidneys Retransplanted into Secondary AS Recipients Treated 
with (AS × AUG)FI B Cells 

Serum urea 
Rat number Survival 

Donor Day 7 Day 10 Day 14 Day 21 Day 28 

retool~liter d 
M35" 8,0 6.9 32,7 12.2 NDJ~ 13.0 (3 mo) >100 
M38" 8.8 18.5 6.9 47.1 21.0 t 3.2 > 100 
M46" 8.2 8. l 20.4 15.4 18.3 27.5 >80 
M47" 11.6 6.5 22.4 10.8 13.8 14.0 47 

M94§ 13.0 5.8 7.4 7.1 8.2 8.8 >42 
M95§ 11.8 8.1 8. l 8.5 8.6 11.2 >42 

* 2 × 10 6 cells. 
:~ Not done. 
§ 5 × 106 cells. 

and three of four rats dying within 12 d CFable V). Similarly, in the group given 10 6 
adherent cells, six of seven rats had a very elevated serum urea at day 10, indicating 
rejection, although the survival times were extended in five rats and very prolonged 
in four. Only one early death occurred in the group of rats given 5 × 10 5 cells, and 
graft function was good in the 1st mo for the other three recipients. These data show 
that preparations of adherent cells provide an immunogenic stimulus if 1 × 10 6 to 2 
× 10 6 cells are given. 

Effects of (AS X AUG)F1 Dendritic Cells on the Survival of Retransplanted Kidney 
Allografts. As shown in Table VI, dendritic cells provide a very potent stimulus to 
the recipients' immune response, causing graft rejection in all the animals receiving 
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TAnLE V 

Survival and Function of (AS × A UG)F~ Kidneys Retransplanted into Secondary AS Reapients Treated 
with (AS × AUG)F1 Adherent Cells 

Rat Serum urea 
Survival 

number Donor Day 7 Day 10 Day 14 Day 21 Day 28 

retool~liter d 
M12s* 12.9 8.6 73.0 15.3 NDz~ 19.0 >100 
Ml3s* 8.9 11.5 >80 - -  - -  - -  i l 
M14s* 14.8 11.1 83.3 - -  - -  - -  10 
M16s* 9.7 1 1 . 9  . . . .  i0 

M4p§ 10.2 8.6 54 12. l - -  - -  14 
M7p§ 9.0 8.5 37.6 9.5 ND 35.6 66 
M9p§ 13.2 8.0 69.8 18.7 46.9 28.6 > 100 
M 10p§ 11~6 t4.9 10.5 17.6 t 9.6 ND > 100 
M23s§ 11.7 10.2 >83 - -  - -  - -  10 
M24s§ 10.3 14.4 >83 21.3 20.4 21.4 > 100 
M25s§ 8.0 17.1 54.5 20.7 28.3 31.6 30 

M1 lp[[ 12.8 ND l 1.3 14.5 14.4 14.7 >100 
M 17s[[ 17.0 6.8 9.4 ND 8.3 10.8 > 100 
M 18s[I 10.4 7.4 11.9 9.0 7.8 ND 54 
M20sl[ 8.6 6.4 . . . .  10 

* 2 × 106 cells. Postfix: s, splenic. 
Not done. 

§ 106 cells. Postfix: s, splenic; p, peritoneal. 
11 5 × 105 cells. Postfix: s, splenic; p, peritoneal. 

5 × t04 or  105 cells. E igh t  o f  n ine  rats rece iv ing  the  h i g h e r  dose d i ed  w i t h i n  2 wk, a n d  

at the  lower  dose, all an ima l s  d ied  w i t h i n  22 d. E v e n  104 dendr i t i c  cells exe r t ed  an  

effect;  two of  the  th ree  rec ip ien ts  r ece iv ing  this dose d ied  at 12 a n d  22 d. 

T h e  cell  n u m b e r s  in these g roups  refer  to the  m o r p h o l o g i c a l l y  iden t i f i ab le  dend r i t i c  

cells r e m o v e d  f rom the  a l b u m i n  interface.  T h e  r e m a i n i n g  25-50% o f  cells h a v e  yet  to 

be  cha r ac t e r i z ed  bu t  a re  p r o b a b l y  a m i x t u r e  o f  neu t roph i l s  a n d  large  lymphob las t s .  

As a specif ic i ty  con t ro l ,  th ree  AS  rats  rece iv ing  l ong - su rv iv ing  (AS × A U G ) F 1  

kidneys  were  in jec ted  i n t r avenous ly  w i t h  105 AS  s t ra in  dend r i t i c  cells. T h e  re- 

t r a n s p l a n t e d  k idneys  were  not  acu te ly  re jec ted  a n d  all  these rats h a v e  su rv ived  for 

m o r e  t h a n  1 too. H o w e v e r ,  all th ree  rats h a v e  been  pers i s ten t ly  u r a e m i c  f rom the  2nd 

wk. 

D i s c u s s i o n  

T h e  m a i n  ob jec t ive  o f  ou r  e x p e r i m e n t s  was to iden t i fy  the  popu la t ion( s )  o f  passenger  

cells w i t h i n  rat  k idney  a l lograf ts  wh ich  confe r  the  p r o p e r t y  o f  a c t i v a t i n g  a s t rong  

p r i m a r y  a l l o i m m u n e  response  l e ad ing  to acu t e  graf t  des t ruc t ion .  Long- su rv iv ing ,  

e n h a n c e d  k idney  grafts  in the  d o n o r / r e c i p i e n t  c o m b i n a t i o n  used here  are  no t  acu te ly  
re jec ted  w h e n  they  are  r e t r a n s p l a n t e d  into  a s econda ry  rec ip ien t  syngene ic  wi th  the  

p r i m a r y  one  (8). As the  r e t r a n s p l a n t e d  k idneys  are  a s sumed  to be  d e v o i d  o f  t he  

or ig ina l  d o n o r  type  [i.e., (AS × AUG)F1]  passenger  cells, va r ious  s u b p o p u l a t i o n s  o f  
(AS × A U G ) F a  cells l ikely to be  a m o n g s t  the  passengers  can  be  in jec ted  in to  the  
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TABLE VI 

Survival and Function of (AS × A UG) Fx Kidneys Retransplanted into Secondary AS Recipients Treated 
with (AS × AUG)F1 Dendritic Cells 

Rat Serum urea 
number Survival 

Donor Day 7 Day l0 Day 14 Day 21 Day 28 

mmol/ h'ter d 
M61* 7.2 8.0 . . . .  10 
M62" 7.6 7.7 . . . .  10 
M63" 9.6 8.7 . . . .  10 
M65" 6.3 ND~: 82.9 - -  - -  - -  10 
M67" 8.4 6.6 . . . .  10 
M68" l 1.6 5.8 83,0 - -  - -  - -  11 

M69" 8.2 5,7 >86 50.0 ND 51.0 42 
M70* 9.0 10.8 72.1 - -  - -  - -  13 
M71* 8.4 15,4 73.5 - -  - -  - -  12 

M72§ 11.3 8.6 55.8 29.6 69.0 - -  22 
M73§ 8.8 6.9 69.5 29.8 - -  - -  20 
M75§ 14.7 5.9 47.9 - -  - -  - -  12 

M76[I 8.9 6.4 6.8 14.6 15.5 13.6 >56 
M77[] 9.6 7,4 79.7 - -  - -  - -  12 
M78[[ 10.7 6.2 15.9 42 59.6 - -  22 

Specificity controls, secondary recipients treated with 105 AS dendritic cells 

M81 7.9 6.5 13.3 47.3 44.5 57.1 >28 
M82 10.0 6.4 16.5 33.8 46.5 59.8 >28 
M83 9.9 6.2 14.8 27.2 46.5 25.0 >28 

* 10 ~ cells. 
:~ Not done. 
§ 5 X 104 cells. 
II 104 cells. 

s e c o n d a r y  r e c i p i e n t s  a t  t h e  t i m e  o f  r e t r a n s p l a n t a t i o n  a n d  t h e  effect  o n  a l l o g r a f l  

s u r v i v a l  o b s e r v e d .  O u r  resu l t s  s h o w  t h a t  cell  s u s p e n s i o n s  e n r i c h e d  for  d e n d r i t i c  cells  

a re  r e m a r k a b l y  ef fec t ive  in  p r o v o k i n g  a c u t e  g ra f t  d e s t r u c t i o n .  T h e  m i n i m u m  n u m b e r  

o f  cells r e q u i r e d  was  ~ 1  × 10 ~" to 5 × 104, a n d ,  a t  a dose  o f  105 d e n d r i t i c  cells, al l  b u t  

o n e  o f  a g r o u p  o f  n i n e  r a t s  d e s t r o y e d  t h e i r  g ra f t s  w i t h i n  13 d. T h i s  a c u t e  r a t e  o f  

r e j ec t i on  is s i m i l a r  to  t h a t  o b s e r v e d  in c o n v e n t i o n a l  a l l og ra f t s  b e t w e e n  (AS × A U G ) F 1  

d o n o r s  a n d  n o r m a l  A S  s t r a i n  r ec ip ien t s .  T h e  d e g r e e  o f  p u r i t y  o f  t h e  d e n d r i t i c  cells in  

t h e  s u s p e n s i o n s  u s e d  was  5 0 - 7 5 % ,  a n d  t h e  r e s e r v a t i o n  h a s  to  b e  m a d e  t h a t  it is 

poss ib le  b u t  u n l i k e l y  t h a t  a n o t h e r  cell  t h a t  h a s  b e e n  c o p u r i f i e d  is r e s p o n s i b l e  for  t h e  

resu l t s  o b s e r v e d .  

In  c o n t r a s t  to  t h e  e f fec t iveness  o f  d e n d r i t i c  cel l  su spens ions ,  t h o s e  e n r i c h e d  for  T o r  

B cells we re  a p p r o x i m a t e l y  2 log o r d e r s  o f  m a g n i t u d e  less p o t e n t .  B e c a u s e  o f  t h e  v e r y  

p o w e r f u l  i m m u n o g e n i c i t y  o f  d e n d r i t i c  cells, we c a n n o t  b e  c e r t a i n  t h a t  t h e  t w o  

e x a m p l e s  o f  a c u t e  g ra f t  r e j e c t i o n  seen  in  t h e  g r o u p  o f  11 r a t s  t r e a t e d  w i t h  2 × 106 to  

5 × 10 6 T cells we re  n o t  d u e  to  i n c o m p l e t e  p u r i f i c a t i o n  o f  t h e  T cell  s u s p e n s i o n .  

C o n t a m i n a t i o n  w i t h  1 -2% d e n d r i t i c  cells or  t h e i r  p r e c u r s o r s  c o u l d  b e  su f f i c i en t  to  

i n i t i a t e  a c u t e  re jec t ion .  It  is i n t e r e s t i n g  t h a t  b o t h  e x a m p l e s  o f  a c u t e  r e j e c t i o n  o c c u r r e d  
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in a group of rats given T cells purified from peripheral blood rather than thoracic 
duct lymph; possibly, this reflects differing numbers of dendritic cells or their 
precursors carried in blood and lymph. 

The inability of 5 × 106 B lymphocytes to trigger acute graft rejection is important 
further evidence that the capacity of a cell to act as a strong pr imary alloimmunogen 
is not conferred by the mere presence of class II M H C  molecules. Rat  B cells carry 
~ 105 of these molecules per cell (18) and dendritic cells carry -106 molecules per cell 
(16), so that additional factors other than the quantity of class II M H C  molecules are 
implicated. 

Suspensions of plastic adherent spleen or peritoneal cells were clearly less active 
than dendritic cell suspensions. For example, only two of seven rats given 106 adherent 
cells died with acute graft destruction during the first 2 wk after retransplantation. 
Although dendritic cells did not adhere strongly to plastic in our own experience and 
that of others (19), there is no data on their precursors, and possible contamination of 
the adherent cell suspensions with these cannot be assessed. 

The amount of intrarenal blood remaining within a graft at transplantation was 
calculated to be 0.1 ml. Cells from this volume of blood failed to induce acute graft 
destruction, and the results are consistent with the conclusion that extravascular 
dendritic cells, known to be present in rat kidneys (20), are the major stimulus. 

The criteria for MHC-incompat ible  cells behaving as uniquely powerful primary 
immunogens in vivo have been mentioned earlier. These criteria are strikingly similar 
to the requirements necessary for a positive response in mixed lymphocyte cultures 
and have led to the view that the MLC reaction is the in vitro equivalent of the 
recognition stage of primary immunization by alloantigen in vivo (21). A primary 
MLC in essence provides a direct measurement of cellular proliferation by the 
responder TH cells. Steinmann and colleagues (reviewed in 22) and Mason et al. (16) 
have demonstrated that dendritic cells are extremely potent stimulators of primary 
MLC reactions, and the lineage may be unique in this regard. Furthermore, Mason 
et al. (16), using purified TH cells as the responder population, have found that MHC-  
incompatible dendritic cells stimulate maximum responses. Our results indicate that 
allogeneic dendritic cells provide the major primary in vivo immunogenic stimulus of 
kidney allografts. It seems reasonable to conclude that the very reason for the powerful 
immunogenicity of these cells in vivo is because they directly activate the recipients' 
T~ cells. Although the three control AS rats that received passenger cell-depleted (AS 
× AUG)Fa kidneys and 105 AS strain dendritic cells did not reject their grafts acutely 
within 2 wk (c.f. those that were given l0 b (AS × AUG)F1 dendritic cells), nevertheless, 
their serum urea levels were obviously raised from the second week onwards. Because 
even syngeneic dendritic cells can stimulate a proliferative response in vitro, an 
interesting possibility is that syngeneic AS dendritic cells in vivo also can have a weak 
activating effect upon the recipient's helper T cells. 

The donor/recipient combination used in these experiments provides a system in 
which the passenger cell-depleted kidney has a greatly reduced immunogenicity and 
does not provoke acute graft rejection. In some other combinations, passenger cell- 
depleted kidneys can be rapidly rejected, albeit without the generation of cytotoxic 
antibodies (10). Our  interpretation of this strain-dependent variability is that primary 
alloimmunization can occur by two routes (Fig. 1). By route 1, allogeneic dendritic 
cells present in MHC-incompatible  tissues can bypass the need for further antigen 
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DONOR RECI PIENT 

dendritic cell 

dendritic cell 

and processed ~" 
by recipient 

All other ®nor cells ( ~ ]  ~ )  ] activation 
(i.e., not dendritic cells) ~ J by route II 

J 
FIG. 1. Dual route of sensitization by alloantigen. Direct stimulation of Tn (helper T cells) by 
allogeneic dendritic cells leads to sensitization by route 1. Route 2, operative in the absence of donor 
strain dendritic cells, involves the processing and presentation of alloantigen by recipient strain 
accessory cells. 

39 

processing and presentation, directly activating relevant Tn clones of the recipient. 
Arguing from the results of MLC reactions, it would be predicted that this route of 
immunization only occurs where the incompatibility of the allogeneic dendritic cells 
involves class II MHC antigens. By route 2, MHC alloantigen of the graft other than 
that expressed on the donor's dendritic cells is processed and presented by the 
recipients' own accessory cells. The handling and presentation of MHC antigen to TH 
clones by this route does not differ significantly from that involved for minor system 
incompatibilities or the commonly used protein antigens. 

According to our hypothesis, the crucial distinction between MHC-incompatible 
grafts and all other types of antigen is that by virtue of their content of viable 
dendritic cells, primary alloimmunization can proceed by route 1 as well as by route 
2. All other antigens activate TH clones only by route 2. Route 1 is likely to be an 
optimally efficient method of activation. Although the detailed molecular mechanisms 
of the process remain uncertain, triggering of TH cells involves their recognition of an 
alteration to self in association with self class II MHC substances (23, 24). Class II 
MHC molecules expressed by the allogeneic dendritic ceils appear to provide the 
functional equivalent. Alloimmunization by route 1 would be optimally efficient not 
only because every viable allogeneic dendritic cell would express the functional 
trigger, but also because of the high density of the triggering molecules on each cell. 
Alloimmunization by route 2, in which antigen is handled by the recipients' own 
accessory ceils, is most unlikely to lead to such a high density of altered self molecular 
triggers on the recipients' dendritic cells. Furthermore, in extreme antigen excess, 
which would be necessary for this situation to develop, there would also be the 
opportunity for activation of suppressor circuits. 

Returning to the problem of the strain-dependent variation in survival time of 
passenger cell-depleted kidney allografts transplanted into secondary recipients, we 
would point out that acute graft destruction is not a precise measure of a recipients' 
response. In those strain combinations where acute graft destruction does follow, no 
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quanti tat ive comparison has been made to determine the strength of  the responses 
induced by ordinary allografts and those depleted of  passenger cells. Ou r  prediction 
is that  MHC-incompat ib le ,  passenger cell-depleted kidney allografts immunize only 
by the relatively inefficient route II, and that in those combinat ions where such grafts 
are acutely rejected, minimal immunosuppression at levels ineffective for ordinary 
grafts would maintain passenger cell depleted allografis in good function. 

S u m m a r y  

The immunogenici ty  of  long-surviving, enhanced (AS × AUG)F1 renal allografts 
retransplanted into secondary AS recipients was restored by the injection of  small 
numbers  of  donor  strain dendritic cells derived from afferent lymph. Whereas 1 × 104 
to 5 X 104 dendritic cells were able to trigger an acute rejection response, neither the 
passenger volume of  donor  strain blood nor 5 .X 106 T or B lymphocytes  were able to 
do so, thereby demonstrat ing more than a 100-fold difference in immunogenic  
potency. 

It is concluded that intrarenal dendritic cells provide the major  immunogenic  
stimulus of  a kidney atlograft. These results suggest that  the antigenic strength o f  
major histocompatibili ty complex-incompatible tissue correlates with the content of  
donor  strain dendritic cells. They  also provide further evidence that antigens of  the 
major histocompatibili ty complex behave like conventional antigens unless they are 
on the surface of  allogeneic dendritic cells. 

We thank the Medical Research Council for financial support, Miss B. E. Phillips for excellent 
technical assistance, and Mrs. N. Fisher for preparing this manuscript. We are also indebted to 
Dr. D. Mason and Mr. C. Pugh for helpful advice. 

Received for publication 22July 1981 and in revised form 24 September 1981. 

Refe rences  

1. Simonsen, M. 1962. Graft versus host reactions. Their natural history, and applicability as 
tools of research. Progr. AUer~. 6:349. 

2. Lengerova, A. 1969. "Strength" of histocompatibility antigens. In Immunogenetics of 
Tissue Transplantation. Elsevier North-Holland Publishing Co., Amsterdam, London. 146. 

3. Batchelor, J. R., and L. Brent. 1972. Histocompatibility in transplantation immunity. In 
Immunogenicity. F. Borek, editor. Elsevier North-Holland Publishing Co., Amsterdam, 
London. 409. 

4. Lafferty, K. J., I. S. Misko, and M. A. Cooley. 1974. Allogeneic stimulation modulates the 
in vitro response of T cells to transplantation antigen. Nature (Lond.). 249:275. 

5. Batchelor, J. R., K. I. Welsh, and H. Burgos. 1978. Transplantation antigens per se are poor 
immunogens within a species. Nature (Lond.). 273:54. 

6. Medawar, P. B. 1959. Isoantigens. In Biological Problems of Grafting. F. Albert and G. 
Lejeune-Ledant, editors. Blackwell Scientific Publishing Ltd., Oxford, England. 

7. Welsh, K. I., H. Burgos, and J. R. Batchelor. 1977. The immune response to allogeneic rat 
platelets; Ag-B antigens in matrix form lacking la. Eur..]. ImmunoL 7:267. 

8. Batchelor, J. R., K. I. Welsh, A. Maynard, and H. Burgos. 1979. Failure of long surviving, 
passively enhanced kidney allografts to provoke T-dependent alloimmunity. J. Exp. Med. 
150:455. 

9. Fine, R. N., J. R. Batchelor, M. E. French, and K. H. Shumak. 1973. The uptake of 125I- 



R. I. LECHLER AND J. R. BATCHELOR 41 

labelled rat alloantibody and its loss after combination with antigen. Transplantation 
(Baltimore). 16:641. 

10. Hart, D. N. J., C. G. Winearls, andJ.  W. Fabre. 1980. Graft adaptation: studies on possible 
mechanisms in long-term surviving rat renal allografts. Transplantation. 30:73. 

11. Stark, D., V. Kren, and E. Gunther. 1973. RtH-1 antigens in 39 rat strains and six congenic 
lines. Transp. Proc. 3:165. 

12. Stuart, F. P., D. M. Scollard, T. J. McKeam, and F. W. Fitch. 1976. Cellular and humoral 
immunity after allogeneic renal transplantation in the rat. Appearance of anti-idiotypic 
antibody and its relationship to cellular immunity after treatment with donor spleen cells 
and alloantibody. Transplantation. 22:455. 

13. French, M. E., andJ.  R. Batchelor. 1969. Immunological enhancement of rat kidney grafts. 
Lancet. II: 1103. 

14. Julius, M., E. Simpson, and L. A. Herzenberg. 1973. A rapid method for the isolation of 
functional thymus-derived murine lymphocytes. Eur. J. Immunol. 3:645. 

15. Klein, J., A. Juretic, C. N. Baxevanis, and Z. A. Nagy. 1981. The traditional and a new 
version of the mouse H-2 complex. Nature (Lond.). 291:455. 

16. Mason, D. W., C. W. Pugh, and M. Webb. The rat mixed lymphocyte reaction: roles of a 
dendritic cell in intestinal lymph and T cell subsets defined by monoclonal antibodies. 
1981. Immunology. 44:75. 

17. Steinman, R. M., and Z. A. Cohn. 1974. Identification of a novel cell type in peripheral 
lymphoid organs of mice. II. Functional properties in vitro. J. Exp. Med. 139:380. 

18. McMaster, W. R., and A. F. Williams. 1979. Monoclonal antibodies to Ia antigens from 
rat thymus: cross reactions with mouse and human and use in purification of rat Ia 
glycoproteins. Immunol. Rev. 47:117. 

19. Klinkert, W. E. F.,J. H. LaBadie, J. P. O'Brien, C. F. Beyer, and W. E. Bowers. 1980. Rat 
dendritic cells function as accessory cells and control the production of a soluble factor 
required for mitogenic responses of T lymphocytes. Proc. Natl. Acad. Sci. U. S. A. 77:5414. 

20. Hart, D. J., and J. w. Fabre. 1981. Major histocompatibility complex antigens in rat 
kidney, ureter, and bladder. Localization with monoclonal antibodies and demonstration 
of Ia-positive dendritic cells. Transplantation (Baltimore). 31:318. 

21. Bach, F. H., M. L. Bach, and P. M. Sondel. 1976. Differential expressions of major 
histocompatibility complex antigens in T-lymphocyte activation. Nature (Lond.). 259:273. 

22. Steinmann, R. M., and M. C. Nussenzweig. 1980. Dendritic cells: features and functions. 
Immunol. Rev. 53:127. 

23. Purl, J., and P. Lonai. 1980. Mechanisms of antigen binding by T cells. H-2 (I-A) restricted 
binding of antigen plus Ia by helper cells. Eur. J. Immunol. 10:273. 

24. Erb, P., M. Feldmann, and N. Hogg. 1976. Role of macrophages in the generation of T 
helper cells. IV. Nature of genetically related factor derived from macrophages incubated 
with soluble antigens. Eur. J. Immunol. 6:365. 


