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The early events of liver allograft rejection in un· 
treated rats were studied In the DA 10 BN rejection 
strain combination and compared with DA and BN 

ltver isograft recipients. In the liver allografts, T·cell 
inftltration first occurred at 2 days after transplan· 
tation and localized to tbe portal triads and subja· 
cent to the terminal hepatic venules (T1IV), regions 
ricb in intensely la + spindle and dendritic·shaped 
interstitial cells. Double staining sbowed distinct 
'clustering' between donor la-positive dendritic
shaped cells and W3125 + infiltrating lymphocytes, 
or to a lesser extent, OX8 + cells. The infiltrating 
mononuclear cells underwent blastogenesis and pro
liferated in both the triads and T1IV regions at 3 and 
4 days. Donor la·positive cells were also noted in the 
W3125 + periarterlallympbatic sheath and marginal 
zone Of the recipient spleen 1 day after transplanta
tion The number 0/ these cells in the spleen p.eaked 
at 3 to 4 days, but were no longer detectable by /0 to 
12 days. Mitotic activity became evident in these 
same regions by days 3 and 4. Paracortical blasto
genesis (day 2) and proliferation (days 3 and 4) 

were also noled in the regional Iympb nodes Of liver 
allograft recipients, but no donor la + cells were 
found in the mesenteric nodes or thymus 0/ tbe al
lograft recipients. These results demonstrate tbat sen
sitization 0/ tbe recipient (vmpboid tissue to liver 

allogra/ts can occur both peripbera/~v (intragra/t) 
and centra/~v (spleen and (vmpb nodes). Passenger 
leukocytes (donor dendritic cells) al"f! like(v the pri. 
mary stimuiators 0/ the rejection reaction StilL it is 

probable that other pathways 0/ sensitization exist 
(Am) Patbol 1991. 138:609-618) 

Solid organ allografts are increasingly used as therapy for 
patients with end-stage isolated organ disease. However 
Medawar 1 recognized decades ago that an immuno
logic reaction (rejection) directed at the classical trans
plantation antigens was the principal barrier to ultimate 
success of this therapeutic approach. More recently. 
many studies have dissected the various phases of the 
rejection reaction. which can be broadly classified into 
three overlapping stages.2,3 

The first phase of rejection involves recognition of the 
foreign alloantigen and initiation of an immune response. 
During the second or effector phase. mechanisms capa
ble of destroying and eliminating the foreign antigens are 
generated. Finally. as in other immune responses. a reg
ulatory phase ensues, which restores homeostasis to the 
organism. This study is concemed with the first of these 
three stages. 

Bach and Hirschhom4 discovered that mixing he
matopoietic cells from genetically different individuals in 
vitro (mixed leukocyte response [MLA]) results in prolif
eration of the lymphoid components of the mixture. Later. 
Hayry and Defendi5 found that the MLA reaction also 
results in the generation of cytotoxic T lymphocytes 
(CTL). They concluded that the observed reaction was 
an in vitro analog of the rejection response.s Although 
many cells in an organ allograft may bear surface trans
plantatlOll or major histocompatibility (MHC) antigens of 
the donor, a distinct population of 'passenger leuko
cytes,' which are intensely class II MHC + . are thought to 
initiate the reaction.2 ,3 Alternatively release of MHC anti
gens by the organ, either as a soluble product or the 
result of cellular debris from the allograft, may be pro
cessed by recipient accessory cells and presented to the 
recipient lymphoid tissue.2.3 This latter pathway. how
ever, is thought to be of lesser Significance. 

With the diSCOvery of dendritic cells. Steinman and 
Cohn6 showed that thiS distinct family of hematopoietiC 
cells were the most potent. and possibly the only, stimu-

Accepted for pubhcatlOn October 16. 1990 

AOcIress repnn! requests to A J Demerns. Depa/1mert of PaItloIogy. 

DMsIon of TransplantatIOn. PresbytenlW\ ~ HospItal Pittstlurgh. 
PA 15213 

609 



I· 
~ ,1 

llr.· 
J • 

:I , ,.. .. ... 

" j 

610 Demetris at at 
NP . .,ardJ 1991. Vol. 138. No.3 

lators of virgin lymphocytes in a primary MLR. 7 They 
noted that dendritic cells avidly bound to distinct subpop
ulations at allogeneiC lymphocytes during the early 
phases of an MlR. The binding resulted in cell clusters. 
tormed by a central dendritic cell surrounded by re
sponding lymphocytes, which undergo blastogenesis 
and ultimately proliferate. Applying this idea to solid or
gan allografts, Forbes et al8 found in vivo elJidence for 
clustering of recipient lymphocytes around donor intersti
tial dendritic cells in rodent cardiac allografts several 
days after transplantation. Thus the study of dendritic 
cells has assumed a prominent position in transplantation 
biology.9 

Despite these advances, a controversy still exists 
about whether the recognition and inductive phase of the 
rejection reaction occurs primarily within the allograft (pe
ripherally) or in the recipient lymphoid tissue (centrally). 
Recently, however, larsen et al 10 have stressed the role 
of central sensitization by demonstrating cardiac-derived 
dendritic cells in the spleen of rodent heart allograft re
cipients. The following study is a sequential analysis of 
rejection in untreated rat liver allograft recipients. Daily 
histopathologic and immunohistochemical analyses of 
the graft and recipient lymphoid tissue, including mitotic 
indexes, were performed in an attempt to understand the 
early events associated with rejection as they apply to the 
liver. 

Materials and Methods 

Operative Procedures 

Orthotopic hepatic transplantation was performed ac· 
cording to a method modified from that described by 
Kamada and Calne. 11 Briefly, after the donor animal was 
heparinized, the donor liver was perfused in situ through 
the abdominal aorta with 10 ml cold Ringer's lactate s0-

lution and removed. Cuffs were placed on the portal vein 
and the intrahepatic vena cava. The liver graft was trans
planted orthotopically into the recipient rat. The suprahe
patic vena cava was anastomosed with sutures. The por
tal vein and infrahepatic vena cava were connected with 
the cuff technique. The hepatic artery was not recon
structed. Bile duct continuity was achieved with a poly
ethylene tube, which was inserted into the lumens of both 
bile ducts and secured outside with sutures. All recipients 
were given a single intramuscular injection of cefaman
dole nafate (20 mg) Immediately after the surgery. No 
further treatment was given. After operation food and wa
ter were allowed ad libitum. 

Tissue Collection and Histopathologic 
Studies 

Untreated DA to BN liver allograft recipients were chosen 
as the subjects of study because they represent a strong 
rejector strain combination with an average survival of 10 
to 15 days. 12 Three of these recipient animals were killed 
on days 1, 2, 3, 4, and 5, and two each were killed on 
days 7, 10, and 12 for study. DA to DA liver isograft re
cipients were used as controls for findings within the liver 
and two animals each were killed on days 2, 3, 4, and 10. 
BN to BN liver isograft recipients were used as controls 
for observations within the spleen and mesenteric lymph 
nodes; three each of which were killed on days 1, 2, 3, 4, 
5, and 10. A complete autopsy was done and tissue from 
all organs was processed for histologic examination. 

For routine histopathologic studies, tissues were fixed 
in neutral buffered formalin, embedded in paraffin, sec
tioned at 4 .... , and routinely stained with hematoxylin and 
eosin (H&E). For immunohistochemical studies, tissue 
from the liver graft, spleen, thymus, and mesenteric 
lymph nodes were frozen in optimum cold temperature 
compound (Tissue-Tek, Ames Division Miles Laborato
ries, Inc., Elkhart, IN) and stored at - 7(J'C until the stain
ing was performed. 

MitotiC Index Analysis 

The number of mitotic figures in the liver allografts and 
spleen were enumerated using H&E-stained slides of the 
organs. In the livers, the total number of portal tracts (PD 
and terminal hepatic venules (THV; ie, central veins) in 
the tissue sections were counted. A portal tract was de
fined as connective tissue containing a bile duct and 
branches of the hepatic artery and pOrtal vein sur
rounded by hepatocytes. Terminal hepatic venuies were 
recognized by their lumens and a small subjacent con
nective tissue matrix. The total number of mitotic figures 
present with in the confines of the triad or adjacent to the 
THV were counted using a light microscope (400 x). The 
total number of PT mitoses was divided by the total num
ber ot PT within the specimen to control for the variable 
numbers of PT and THV in the samples from different 
animals. The same was done for the THV. The ratios were 
then multiplied by a factor of 10 for ease of graphical 
representation. Counts for PT, THV, and mitoses were 
repeated on frve liver samples. The count for each was 
found to have an error rate of less than 10%. 

For splenic mrtoses, a small opaque cover with an 
adhesive backing containing a 2.5-mm diameter circular 
hole in the center was made (area = 4.9 mm2 ). The hole 
permitted visualization of roughly 70% of the total splenic 
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area on the glass slide, The cover was then placed over 
the section of the spleen, which permitted visualization of 
only a standardized region. Mitotic figures visible through 
the hole were counted with a light microscope at 400 x. In 
a typical field viewed through the hole, 6 to 8 periarterial 
lymphatic sheaths (PALS). accompanying marginal 
zones (MZ). and the intervening red pulp could be seen. 
The counts were repeated twice on five randomly chosen 
animals after moving the hole to a different portion of the 
spleen. The error rate was less than 10% in all instances. 
For statistical analysis the results obtained for the DA to 
BN allograft recipients were compared with the BN to BN 
isograft recipients using the paired t-test. 

The same technique could not be used to count mi
toses in recipient mesenteric lymph nodes because of 
the large vanability in size between allograft and isograft 
recipient MLN and the relative restriction of mrtotic figures 
to distinct anatomic regions. 

Immunoperoxidase Studies 

Imrrunoperoxidase studies of the liver allografts, recipi
ent spleen, thymus, and mesenteric lymph nodes were 
performed using a panel of monoclonal antibodies. This 
panel included OX19 (pan T-cell marker, Accurate 
Chemical and Scientific Co .. Westbury, NY). 
OX8(nonhelper subset. Accurate), W3/25 (T
helper/inducer and subsets of other accessory cells, Ac
curate) and l-21-6, a mouse anti-rat IgG monoclonal an
tibody that recognizes la antigens in DA, LEW, and a 
variety of other inbred rat strains, but not in BN tissue. 13 

The primary antibodies were applied singly, and to de
termine the relationship between la-positive donor cells 
(L-21-6) and T-cell subsets, double staining for L-21-6 
and WY25 or OX8 was performed. 

For single staining. a standard three-step avidin-biotin 
complex (ABC) method was used. Cryostat sections 
were cut at 5 IJ., fixed in cold acetone for 5 minutes, air 
dried, and stored at - 7CfC until staining, at which time 
they were washed in phosphate-buffered saline (PBS) for 
5 minutes. The sections were then placed in 0.6% H20 2 

in methanol for 8 to 10 minutes to deplete endogenous I ,~. peroxidase activity. This was followed by a 2D-minute 

. 
..:... .. ,.,!;.. wash in PBS, incubation with non.fat dried milk for 45 min-. 

. . utes to block endogenous avidin-biotin activity, 14 washes 
.f in PBS (2x, 5 minutes), and Incubation with protein 

blocking agent (Upshaw Co., Detroit, MI) for 20 minutes. 
The sections were then Incubated with the pnmary anti
body for 45 minutes (L-21-6 supematant: WY25, 1 :10; 
OX19, 1 :10; oxe. 1 :25), washed In PBS for 5 minutes 
(2 X) and incubated with a biotlnylated rat anti-mouse 
~ (Pef-Freez. Rogers, AK) fragment secondary antl-
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body (1 :2000) for 45 minutes. This was followed by a PBS 
wash for 5 minutes (2 x) and incubation with ABC (Vector 
Lab., Inc., Burlingame, CAl for 30 minutes. Color devel
opment was achieved with aminoethylcarbazole. The tis
sues were counterstained with H&E and mounted with 
crystal mount (Biomedia, Corp; Foster City, CAl. 

Tissues used for double staining for L-21-6 and W3I25 
or oxe were first stained wrth L-21-6 using the method 
described above except for the H&E counterstain. This 
was followed by incubation in 2% glacial acetic acid for 5 
minutes to block endogenous alkaline phosphatase ac
tivity and to elute any residual immunoglobulins. After 
washes in PBS, the sections were incubated with the sec
ond primary antibody (0X8 or WY25) for 45 minutes, 
PBS washes, incubation with a rabbit anti-mouse (DAKO, 
Carpenteria, CA) secondary antibody for 30 minutes, 
PBS washes, and incubation with alkaline phosphatase 
anti-alkaline phosphatase (Boehringer-Mannheim Bio
chemicals, Indianapolis, IN) for 30 minutes. Enhance
ment of alkaline phosphatase staining was done by re
peating steps 2 and 3 for 15 minutes each. The substrate 
was developed by dissolving 2 mg of naphthol A5-Mx 
phosphate (Sigma Chemical Co., SI. Louis. MO), 0.2 ml 
of dimethylformamide (Sigma), and 9.8 ml of 0.' moI/I 
(Molar) TRIS buffer (ph 8.2) with one drop of levamisole 
(Vector) per 5 ml Fast Blue BB (Sigma) was added im
mediately before use at 1 mgtml and the mixture was 
incubated on the sections for 45 minutes at 3rc. The 
tissues were counterstained with methyl green and 
mounted with crystal mount (Biomedia). 

Three sets of controls for the immunoperoxidase stud
ies were used. In the first set, the primary antibody was 
omitted from the single procedure or both primary anti
bodies were omitted from the double staining procedure. 
The second group of genetic control studies evaluated 
the liver. spleen, and thymus from normal BN or BN liver 
isograft recipients for L-21-6 staining. None was fOUnd. 
Normal DA spleen and liver tissue served as the positive 
control for L-21-6 and both normal DA and BN spleen 
served as posrtive controls for the anti-T-cell antibodies. 

Results 

Routine Histologic Analysis 

Uver Grafts 

Allografts could not reliably be distinguished from the 
isografts 1 day after transplantation. By day 2, however, 
the allografts contained mononuclear cells In the portal 
triads (PT) and Immediately subjaCent to the terminal he
patic venules (THV) (Figure 1). No mononuclear cell ac
cumulations were seen In the sinuSOIds between the PT 



; 
I· 

! , 
t 
1 

J 
i 
J 

612 Demetris et al 
AJP Jfarcb 1991. Vol. 138, .Vo. 3 

Figure 1. Prolijeraling mononuclear inflam
matory cells U'fire er.>idenI in the portal trtlCtS 
(A; H&E: 480X) and beneath the terminal 
bepaIic toenules (8) by 2 days after transplan
/alion As an example, in A. the 3 mitotic fig
ures noted (a,rouis) were used to calcu/aJe a 
miIotic h1dex for Ibis animal. No mononu
c/eQl" injiItrale or mononuclear mitoses U1fn' 
prestmI in the isografts. In B. a distincl clus
terlng o.f lymphocytes was noted around a 
/argercentraice//(H&E; X 480 inset, XI200J, 
located beneaJb the terminal hepatic Loenuies. 

and THV. In the PT, the mononuclear cells were sludged 
in the smail portal capillaries and clustered in the portal 
tract connective tissue, Similar clusters could be seen 
immediately subjacent to the THV. and these often as
sumed the appearance of small granulomas (Figure 1 B), 
The infiltrative mononuclear cells in both regions were 
blastic, with enlarged nuclei and small nucleoli. Occa
sional mitotic figures could be s,een. but were not plenti
ful. 

By day 3. the number of PT and peri-THV mononu
clear cells increased. as did the mitotic activity within this 
population. In addition, eosinophils sometimes could be 
recognized in both locations. The mononuclear cells con
tinued to increase in number on day 4, and migration 
beneath the endothelium of the portal and THV was 
noted (FlQure 2), An influx of nonlymphoid cells was also 
evident at this time, marked by the appearance of more 
eosinophils, neutrophils, and macrophages. Simulta
neously, spotty hepatocellular necrosis was conspicuous 
in the lobules. We interpreted these latter findings as ev
idence of the beginnings of the effector phase of the re-

jection response, as tissue damage was indisputable. A 
description of the later stages of liver allograft rejection in 
this strain canbination is given elsewhere. ~ 

None of the isografts contained a significant mononu
clear inflammatory infiltrate at any time after transplanta
tion, The only abnormalities seen consisted of an 0cca

sional small infarct, mild portal edema accompanied by 
occasional neutrophils. and mild bile duct proliferation, 
which were noted on or after day 4. 

Spleen 

The spleen of liver allograft recipients could not be 
reliably distinguished from isograft recipients 1 day after 
transplantation by routine light microscopy. Both c0n

tained cellular debris. particularly in the PALs and MZ, By 
day 2 in the allograft recipients. however. the PALS was 
slightly expanded and appeared mottled because of 
blastic transformation and IoN-grade mitctic activity. The 
cellular debris had largely been cleared, Blastic transfor
mation became more evident at the periphery of the 
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Figure 2. Central "venulilis" was preseni by 
day 3 or 4 in the allografts fH&E, X48Q). This 
lesion bas been underslressI!d in rejeclicn, al· 
thougb it was originally described by Porter. 27 

In addition to the mononuclear cells, red 
blood cell conJJeStion and other leukocytes 
were also present 

PALS on day 3, as did the mitotic activity in the same 
location. The prominent blastic transformation and mitotic 
activity in the PALS was not seen in isograft recipients. 
The histologic appearance of the spleen in allograft re
cipients was similar on days 4 and 5, when the activity at 
the periphery of the PALS continued. In addition, second
ary follicles appeared in the PALS, as did small clusters of 
blasts and plasmacytoid lymphocytes in the cords of the 
red pulp and adjacent to the splenic trabeculae. Clusters 
of plasmacytoid cells also appeared in the red pulp cords 
and the paratrabecular region of isograft recipients, but to 
a lesser extent. 

Mesenteric Lymph Nodes (MLN) 

One day after transplantation, MLN from allograft re
cipients could not be reliably distinguished from isograft 
recipients, Both contained red blood cell congestion of 
the subcapsular and medullary sinuses, In addition, there 
was abundant cellular debris in the sinuses, germinal 
centers, and paracortex, often within tingible-body mac
rophages. By day 2, however, there was paracortical ex
pansion in the allograft MLN but not in the isograft recip
ient MLN. The red cell congestion and cellular debris 
largely had been cleared. On closer examination, the 
paracortical expansion in the allograft recipients was be
cause of blastic transformation of the lymphocytes, but 

'lew mitotic figures were noted. The findings on day 3 
were similar to those on day 2 in the allograft recipients, 
although overall the nodes were much larger. The MLN 
from Isograft reciplElnts had not changed from day 2 and 
remained relatively constant thereafter. On day 4, large 
areas of the MLN of allograft recipients, which spanned 
the reglOO of the paracor!ex to the medulla, were popu
lated by mitotICally active immunoblasts. These cells as-
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sumed a plasmacytoid appearance as they extended 
into the medulla. 

Immunoperoxidase Studies 

Uver Tissue 

The liver of normal DA and BN rats contained only rare 
OX19, OX8 or w3l25 positive mononuclear inflammatory 
cells, and no aggregates were noted, Similarly T cells 
were rare in both DA and BN isografts. Staining with L-
21 ~ in various DA tissues demonstrated a distribution of 
positivity typical for that of class II MHC antigens, 16 but no 
L-21~ staining was seen in BN any tissues. 13 In the DA 
livers, intensely L-21-6 + spindle-shaped cells were 
present in the triads, often immediately subjacent to the 
bile ducts and in the periadventitia of portal arteries and 
veins (Figure 3). Similar cells were also seen in the con
nective tissue directly beneath the endothelium of the ter
minal hepatic venules (Rgure 3) and in the liver capsule. 
Rarely, isolated L -21 ~ + cells were seen in the sinusoids. 
No L-21-6+ cells were noted in any of the BN liver 
isograft recipients, nor was any staining observed in the 
negative controls (see Methods). 

Sequential analysis of the DA to BN allografts dis
closed a gradual increase in the number of OX19-, OXS-, 
and W3I25-positive cells in the triads and subjacent to the 
THV over the first 3 days. The T cells were localized in the 
triads and beneath the THV. Subset analysis showed that 
W3125 + cells were slightly more prevalent at 2 days, but 
both OX8 + and W3I25 + cells were present on days 2 
and 3. By days 5 through 7, however, OX8+ cells out
numbered the W3I25 + cells. 

Staining for L -21 ~ in the DA to BN allografts on day 1 
was Similar to that seen in normal DA rats. By days 2 and 
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3, the spindle-shaped L-21-6+ cells in the PT and THV 
regions were larger and dendritic shaped. Mononuclear 
celis were seen adjacent to these celis, but were 
L-21-6-. No intensely L-21-6+ cells were noted in the 
allografts by day 7, but by days 10 through 12, weakly 
L -21-6 + sinusoidal, and occasional portal vein endothe
lial cells were observed. No definite L-21-6+ bile ducts 
were detected in the allografts. Examination of DA to DA 
liver isografts on day 4 was similar to the DA controls: no 
decrease in the number of L-21-6 + cells was noted. 
Double staining for L-21-6 and 0X8 or W3125 demon
strated distinct clustering between central L-21-6+ den
dritic cells and surrounding W3125 + mononuclear cells 
(Figure 4). L-21-6-W3125 clusters were predominant, but 
L-21-6-0X8 clusters also were seen. 

Recipient Lymphoid Tissue 

The spleen of normal DA and BN rats showed a dis
tribution of staining for OX19, 0X8, and W3125 similar to 
that previously reported.'7 L-21-6+ cells were noted in 
the DA to BN liver allograft recipient spleens 1 day after 
transplantation (Figure 5). They localized preferentially 
near the periphery of the PALS and in the MZ. L-21-6+ 
cells were rare in the red pulp. Double staining showed 
that the L-21-6 + cells localized almost exclusively in the 
W3125 + PALS and MZ of the spleen (FlQure 5). The num
ber of L -21-6 in the recipient BN spleens peaked at days 
3 to 4, and such cells were no longer detectable by 10 to 
12 days. No staining for L -21-6 was seen in the spleens of 
any of the BN liver isograft recipients. In addition, we 
could find no evidence of L -21-6 + cells in the mesenteric 
lymph nodes or thymus of the DA to BN liver allograft 
recipients. 

Mitotic Indexes 

Liver Allografts and /sografts 

No mononuclear cell mitotic activity was noted in the 
liver allografts or isografts on day 1. Thereafter inflamma
tory cell mitoses occurred only in the allografts. By day 2, 
despite the presence of a mildly blastic mononuclear PT 
and peri-THY infiltrate in the allografts, only occasional 
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mitotic figures were seen. By day 3, however, although 
only a slight increase in the total number of inflammatory 
cells was noted, mitotic figures were abundant. The 
mononuclear cell mitoses were noted only in the PT and 
peri-THY regions, not in the intervening sinusoids or pa
renchyma. The brisk mitotic activity continued on day 4, 
accompanied by an influx of nonlymphoid inflammatory 
cells. Liver mitotic indexes were not calculated after day 
4. The results for the liver mitotic indexes are shown 
graphically in Figure 6. 

Within the liver allografts, there was no statistically sig
nificant difference between the mitotic indexes calculated 
for the triads and the peri-THY regions (P > 0.05) on any 
of the first 4 days. The only mitotic activity seen in the 
isografts was an occasional mitosis in parenchymal cells, 
which were easily distinguishable from the mononuclear 
cell mitoses noted in the allografts. Even if the rare pa
renchymal cell mitotic figures were counted, they totaled 
less than two per liver slide in all the DA liver isograft 
recipients. 

Splenic Mitotic Activity 

A baseline of 1 mitosislmm2 was seen in control BN 
and BN to BN isograft spleens. No statistically significant 
increase in mitoses was seen in the allografts or isografts 
on day 2, although the actual number was slightly higher. 
By day 3, however. there was a statistically significant 
increase in the number of mitotic figures in the allograft 
compared with isograft recipients, which peaked at 14 
mitoses/mm2 (Figure 7) on day 4. Thereafter, the rate of 
mitotic actIVity decreased slightly but remained elevated 
in the allografts until the terminal stages of rejection. The 
mitotic figures were most conspicuous at the interface 
between the PALS and the MZ. These cellular popula
tions eventually expanded into the red pulp. where they 
began to display plasmacytoid characteristics. 

Mitotic activity in the recipient MLN was clearly higher 
in the allograft compared with the isograft recipient by 
days 3 and especially on day 4, although these were not 
quantitated. 

Discussion 

The results of this study show that sensitization to liver 
allografts, as measured by the proliferative activity In re-

Figure 3. A: In normal DA rats mtenSeil' la + (1·21.()1 spmdJe·sbaped cell5 U1eI'"I' coru::entrated m the portal triads as sbou", bert' ([·21·6 
Immunoperoxidase u'llb bemalaxylm rounIerSIain. x 1:?GO I A small bile ductuJe is present in the cenler of the phoIomiaograpb. B: Similar 
cell5 U1el'"l' seen tmmedialeil' subjacent 10 the termmaJ bepaIIc venules as shown ben! and in /be Inoel" capsule. but U/et'(> rQl'f' In /be smusollis 
(1·21-6 immuncperoxuiase. bemaloxvlm COUnlet'SttUn. x ]2001 
Figure 4. Bonom left Doub/eSlammf!far donordendrlllc celL~ (1·2]-6+. redland W:1/25 (blUR/ In the ponaI tnad< ofDA 10 Bf\'/Iloer 
allografts rer'f!Oied dIstma duszerrng In /be ponaJ mads on day 2 as sbou'1l ben! ([·21.(), red. IrT25. blue: double Immunopero:odi1.'>1.· 
staining. methyl green couwerstam. 1200x) S",u/ar clUSI~ uoere seen suo,acem 10 /be temJmaJ bepahc t'(mules. 
Figure 5. Bono", "RbI Double SIOJnm!l.far l-21-6 (redl 10 tieleC1 donor-dentoed cell5. and W'3;25 (blUR u.,/b metbt'l green couwerszam. 
X480) sbouoed /be presena of dona DC In /be penpherI' of the 1r:~,25 ... PALS and m the MZ 0/ the recr{1IenJ spleen IF=jolllC/e. 
P-penarrenaJ Iympbahc sbealb. MZ= margmaJ zone. arrou'S=dona-dentoed cell5! '!be InSet (U()()x) sbou'5 a closer 1'II!I1' oj the donor· 
derived cells. 
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Figure 6. ,Wononuclear mitotic indexes in 
liver allografts U"1!'1'e calcuiaJed for the fIrSt 4 
davs. ]be results are expressed as the mean for 
3 animals at ead:J point :t the standard de
t'ialion. There U>tlS no difference noted for the 
PT or 11N regions. Jlilotic illdexes u'ere not 
calalkUed in isografts because 110 monollu
clear infiltrates u>ere noted. PT.I[R = portal 
tract miloses ratio; CVMR '" central Loein milo
ses ratio. 

PTMR : portal tract mitoses ratio 
CVMR : central vein mitoses ratio 

cipient lymphoid tissues, occurs simultaneously in the 
liver allograft (peripherally) and recipient lymphoid tissue 
(centrally), Common to both the liver and recipient spleen 
was the presence of intensely L-21-6+ donor Spindle
and dendritic-shaped cells, respectively, during the early 
stages of the rejection. No such cells were identified in 
the recipient mesenteric lymph nodes or thymuses, al
though blastic transformation and proliferative activity 
within the recipient regional MLN were noted within the 
same time frame after transplantation. 

The intense L-21-6+ staining combined with their 
shape and localization in normal livers and allografts 
strongly suggest that the cells mentioned above belong 
to the dendritic cell family. 7. 16 In fact, It has been stated 
that all la-positive spindle-shaped cells in the rat liver are 
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dendritic cells (DC).16 Although sinusoidal (Kupffer) cells 
may be induced to express la antigens. such induction 
did not occur until days 10 through 12. At this time, the 
L-21-6 + cells were no longer detectable in the spleen. 

This study showed that a projXlrtion of the hepatic 
DCs transported with the donor liver are released in the 
recipient circulation shortly after transplantation. Others 
remain in the liver. It is unlikely that peripheral blood DCs 
contamination from the donor liver significantly contrib
uted to those found in tre recipient spleen. Perfusion of 
the donor liver before transplantation. as was done in 
these animals. would remove the donor blood from the 
vasculature. 

It is also unlikely that the L -21-6 staining in the spleen 
represented nonspecific uptake of noncellular donor la 

Figure 7. Splenic milotic indexes u>ere calcu
lated for botb allograft and isograft recipienls 
using the described metbods. The resuilS are 
expressed as the mean number of milotic fig-

~~ 

-0-- SMI 
ures per mnr' for 3 antmais for each point:t N 

the sumdard delJialion The difference be- E 15 
tween the allografts and isografts U>tlS staltsti- E 
cally stgmficont (P < 005) for all times after 
~3 

5 

O+---~--r-~r-~r-~---r---r--~--~--~--~~ 
o 2 3 4 5 6 7 8 9 10 1 1 12 

Postoperative Days 

SMA splenic mitoses in allografts 
SMI : splemc mitoses in isogratts 
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antigens from the graft. First, the staining appeared 
largely on the surface of the cells and secondly, such 
staining was no longer detectable by 10 to 12 days. 

As noted above, DCs are the most potent stimulators 
of the MLA, whereas other class II MHC-positive cells 
such as B lymphocytes and other accessory cells are 
poor stimulators, or are inactive, in a primary MLA.7 In the 
rat, capillary endothelia are normally class II MHC anti
gen-negative16 and T cells infittrating the allograft livers in 
the first 2 to 3 days localized exclusively in the regions 
containing the L-21-6+ cells. Therefore it is likely that 
donor DCs (passenger leukocytes) are the primary stim
ulators of rejection in the liver. 

It is not particularly surprising that L-21-6+ DCs trans
ported with the liver allografts and released into the re
cipient circulation localized to the recipient spleen. Stud
ies of the traffic pattems of dendritic cells from the pe
ripheral circulation of normal rodents using tracer dyes 
have noted a similar splenic homing. 18.19 As mentioned, 
donor DCs from cardiac allografts have also been seen in 
the recipient spleen 10 within days after transplantation. 

In studies of primary rodent MLAs in vitro, lymphocyte 
DC 'clustering' occurred 20 to 40 hours after cocuJture, 
and proliferative activity began after an additional 48 
hours?·20 These kinetics are identical to the morphologic 
observations and mitotic Indexes calculated in the liver 
allografts and spleens in this study. By contrast. primed 
blastic alloreactive T lymphocytes reinitiate DNA synthe
sis 14 to 18 hours after restimulation with the appropriate 
a1loantigen 7.20 Therefore the origin of the proliferating 
cells in the allografts after 4 days is less certain than those 
seen during the first 3 days, because they may have 
been stimulated elsewhere. 

Classical studies suggest that W3I25+(CD4) cells 
are the principal responders in an MLR and are crucial for 
the development of a rejection reaction.2 .3 Although we 
noted a predominance of W3I25 + cells in the clusters in 
the liver, OX8+ clusters were seen as well, in the first 3 
days. Inaba et at2' showed that DCs are capable of di
rectly inducing mrtogenesis and eliciting CTL activrty In 
CD8 + cells without the help of CD4 + lymphocytes. Al-
though the reaction was not dependent on the CD4 + 
cells for its initiation. the response was Short-lived if solu
ble products from actIvated CD4 + cells were not 
added.21 

Because the normal life span of Des in the periphery 
is,eiatively short (approximately 5 days),22 it was also not 
surpnsing that the doror DCs had disappeared 7 to 12 
days after grafting. Active destructIon and normal senes-
cence are likely responsible for their attrrtlon. Dendrrtic 

~. .,; celIS are likely the pnmary stimulators in rejE!CttOl'\. but are 
probably not reqUired for perpetuattOl'\ of the response, 
as stimulatory requirements for unpnmed lymphocytes 
differ from those of pnmed responder cells.20 InductIOn of 
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a1loantigens on nearby parenchymal celts by cytokines 
released from lymphocytes stimulated within the clusters 
would be sufficient to perpetuate the response in primed 
cells. We have confirmed this suspicion in vftro by show
ing that human bile duct cells, which are targets in liver 
rejection, were capable of eliciting a proliferative re
sponse in alloprimed T cells but were ineffective in a pri
mary MLR,23 

This study also shows that DCs are probably not the 
only pathway for recipient lymphoid tissue sensitization 
after solid organ transplantation. Lymphocyte transforma
tion and proliferation were also noted in the regional 
lymph nodes of allograft but not isograft recipients, yet 
dooor dendritic cells could not be found in this location. 
Although speculative, it may be that soluble or particulate 
donor MHC antigens released by the graft may be pro
cessed by recipient accessory cells in the regional lymph 
nodes and. in tum, presented in an MHC-restricted fas~ 
ion. 

The observations made in this study also have direct 
relevance to humans. The morphologic events associ
ated with early phases of liver allograft rejection appear 
identical in the rat and human. 15 The inflammatory infil· 
trate associated with rejection in both species is exclu
sively localized to the PT and THV regions. Dendritic cells 
have also been identified in human livers, in the same 
distribution as is seen in the rat.24 Therefore it is likely that 
DCs are also primary stimulators of liver rejection in both. 
In many strict morphologic studies of human liver allograft 
rejection. the alterations around the terminal hepatic ve
nules have been attributed to ischemia and a variety of 
other causes. This study has shown. however, that THV 
region is a site of primary sensitization In rejection. 

One should also be aware of the fact that. in humans, 
capillary endothelia are constitutively class II MHC anti
gen positive. They appear to be capable (albeit less so) 
of eliciting a primary MLR if induced by gamma interferon 
beforehand.25 Dendritic cell contamination of such endo
thelial cell populations, however, cannot be readily 
excIudecI.25 Modulation of cells nearby the clusters by 
cytokines is likely important in recruitment and perpetua
tion of the response. 

Finally it has been a dream of those In transplantation 
to reduce or eliminate the antigenlCrty of the graft and 
thereby eliminate the need fOI' immunosuppression. A 
number of studies have pursued this line of reasoning, by 
pretreating donor organs in an attempt to destroy the 
dendritic cells. Recently Brewer et at2" reported encour
aging results in human renal allograft recipients, where 
the donor kidneys were treated with several anti-CD45 
m:JnOClonal antibodies. It seems of value to apply Similar 
techniques to donor livers In humans. because liver 
grafts appear to be somewhat less 'Immunogefllc' than 
other solid organ allografts. Such treatment appears to 
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have the potential to reduce. but not eliminate. the Immu
nogenecrty of the graft. 
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