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Objective
To improve the quality of organs from brain-dead donors by
assessing the influence of alternative strategies on the early
behavior of kidneys after transplantation into unmodified
hosts.

Summary Background Data
Kidneys transplanted from living donors perform consistently
better than those from cadaver sources. The authors have
recently shown that donor brain death produces inflammatory
changes in peripheral organs within hours, amplifies coinci-
dent ischemia–reperfusion injury, and accelerates acute and
chronic rejection. Normalization of the graft by donor hor-
mone treatment has hitherto been unsuccessful.

Methods
A standardized rat model of brain death was used. Experi-
mental groups included recipients of allogeneic grafts from
living and brain-dead donors (F3443LEW). Donors were
treated immediately after induction of brain death either with

intravenous steroids, which block inflammatory cytokine re-
lease, or a soluble P-selectin glycoprotein ligand (sPSGL),
which blocks initial selectin-mediated cellular adhesion. Kid-
ney grafts were examined serially up to 10 days by morphol-
ogy, immmunohistology, and reverse transcriptase–polymer-
ase chain reaction.

Results
Overall survival of ummodified recipients of kidneys from
brain-dead donors was significantly reduced versus living do-
nors. Animals with organs from brain-dead donors that had
received steroids or sPSGL survived significantly longer than
those from untreated brain-dead donors. The intensity of
ischemia–reperfusion injury and of acute rejection was re-
duced. Cellular infiltration and transcription of mRNA of repre-
sentative proinflammatory mediators were diminished.

Conclusions
Treatment of organ donors at the time of brain death mark-
edly improves organ quality after kidney transplantation, up-
grading it to that from a living donor.

The catastrophic central injury of brain death (BD) has
been shown to perturb significantly the function and struc-
ture of somatic organs in situ by rapid upregulation of

inflammatory mediators and other acute phase proteins.1,2

The tempo and intensity of acute rejection of heart, kidney,
and liver allografts from such donors are accelerated after
transplantation because the involved organs appears to trig-
ger host alloresponsiveness as a continuum between non-
specific injury and specific immunologic activity.3,4 Clinical
data have confirmed that kidney grafts from brain-dead
organ donors experience more frequent episodes of acute
rejection after transplantation.5 The lack of suitable donors
and the increasing numbers of potential recipients have also
resulted in the acceptance of “marginal” brain-dead donors,
the organs of whom are at significant risk for primary
nonfunction or primary delayed function (PDF) compared
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with those from living donors. PDF alone is associated with
significant potential complications, an increase in retrans-
plantation, and a higher recipient death rate. Such grafts,
compromised not only by donor-associated conditions such
as diabetes and hypertension, but also from insults sur-
rounding the removal and storage, experience both an in-
creased rate of acute and chronic rejection and significantly
diminished survival.6 Several factors have been implicated
in the development of this complication, particularly isch-
emia–reperfusion (I/R), which appears to be an integral part
of the syndrome of BD.7

Because the state of BD occurs before organ retrieval, it
is a potential risk factor for graft outcome after transplan-
tation. As a result, means to improve the organ quality of
cadaver donors before transplantation have been consid-
ered. Earlier attempts focused on altering the hormonal
milieu.8–10 Because the results of these approaches were
disappointing, however, they were never introduced into
clinical practice.11 The objectives of the present study are to
reassess whether other strategies of donor treatment at the
time of BD improve organ quality by reducing inflamma-
tory changes and subsequent associated acute host immune
responsiveness. To prevent the nonspecific changes occur-
ring within peripheral organs after the central catastrophe,
two treatments were tested and their effects compared. First,
a single dose of steroids was administered with induction of
BD to reduce the release of inflammatory cytokines. Sec-
ond, soluble P-selectin glycoprotein ligand (sPSGL) was
given in similar fashion to prevent leukocyte adhesion to the
inflamed vascular endothelium of the graft.

METHODS

Brain Death Model

Inbred adult (200–250 g) male Fisher (F344) and Lewis
(LEW) rats (Harlan Sprague-Dawley, Indianapolis, IN)
acted as kidney donors and recipients. BD was produced in
donor animals by gradually increasing intracranial pressure
by slow inflation of a No. 3 Fogarty catheter balloon
(Fogarty Arterial Embolectomy Catheter: 3F, Baxter
Healthcare Co., Irvine, CA) introduced into the intracranial
cavity through an occipital bur hole, as described.12 BD
with herniation of the brain stem was confirmed by electro-
encephalography, apnea, areflexia, and maximally dilated
and fixed pupils. All rats were intubated via a tracheostomy
using a No. 13 blunt-tipped cannula and mechanically res-
pirated at a rate of 85/min and a tidal volume of 2.0 mL for
6 hours (Rodent ventilator, model 683, Harvard Instru-
ments, South Natick, MA). Intraarterial blood pressure was
continuously monitored via a PE50 catheter placed in the
left femoral artery and attached to a transducer and recorder.
Only animals with stable mean arterial blood pressure
(MAP � 80 mm Hg) were accepted as donors in the study
to preclude as much as possible the effects of peripheral
ischemia secondary to hypotension. After 6 hours, the left

kidney was removed for transplantation. Sham-operated rats
in which a bur hole was drilled but no Fogarty catheter
inserted served as living donor controls. Urine production
was determined via a PE50 catheter placed directly into the
urinary bladder after a small laparotomy incision. Mainte-
nance anesthesia with pentobarbital (Nembutal, Abbott
Laboratories, North Chicago, IL; 40 mg/kg) was adminis-
tered to the control rats as needed for the 6-hour period
before kidney removal. Brain-dead animals received no
anesthesia because previous studies had shown it did not
influence physiologic parameters.1

Surgical Techniques

Renal allografts from F344 donors were grafted into
unmodified anesthetized LEW recipients using standard mi-
crosurgical techniques. After removal of the left native
kidney from the host, the donor kidney was transplanted
orthotopically to the recipient renal vessels and ureter by
end-to-end anastomoses using 10-0 prolene. Right native
nephrectomy was performed 6 days later. The time between
release of the vascular clamps and return of uniform cortical
blood flow was defined as reperfusion time after
transplantation.

Experimental Groups

For survival times in group 1 (n � 12), kidneys were
placed into unmodified hosts 6 hours after donor BD and
mechanical ventilation. Sham-operated and ventilated (6
hours) F344 animals were used as living donor controls
(group 2, n � 12). Immediately after induction of BD, the
donor treatment groups received either sPSGL (500 �g;
group 3, n � 10) or glucocorticosteroids (10 mg/kg; group
4, n � 10) intravenously. The time of death of the unmod-
ified graft recipients resulting from renal failure secondary
to complete and irreversible rejection of their allografts was
compared between the groups.

The F3443LEW strain combination was chosen as
model because it is a weak strain combination in which the
acute rejection process, even in unmodified hosts, occurs at
a attenuated tempo, emphasizing any donor-associated
changes.3 If a strong strain combination had been used, in
which the acute rejection process is generally complete by 7
to 10 days, such differences would be difficult to determine
accurately.

Postoperative complications such as hydronephrosis sec-
ondary to ureteric obstruction were ruled out by autopsy.
Additional grafted organs were analyzed serially by mor-
phology, immunohistology, and polymerase chain reaction
(PCR) immediately before transplantation, 6 hours after
grafting (a period examined specifically because the early
changes were presumably inflammatory), and at 1, 3, and 10
days, as host alloresponsiveness was becoming apparent (n
� 3–5 per time point per group).
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Histology and Immunohistology

Kidneys were fixed in 10% buffered formalin. Paraffin
sections were stained with hematoxylin and eosin and as-
sessed by light microscopy. For immunohistology, cortical
segments were immediately snap-frozen in liquid nitrogen.
Monoclonal antibodies obtained from Serotec (Wiesbaden,
Germany) were directed against CD5� T cells (OX19),
CD4� T-helper cells (W3/25), CD8� T cytotoxic/suppres-
sor cells (OX-8), monocyte/macrophages (ED1), and
CD25� cells (activated T and B cells). Additional antibod-
ies were directed against MHC class 2 antigens (OX-3).
After specific monoclonal antibody staining, the sections
were then treated with alkaline-labeled rabbit antimouse
IgG, followed by indicating mouse antialkaline phosphatase
complex; sections were counterstained with hematoxylin.
The number of labeled cells in 20 consecutive high-power
fields (�400 magnification) was determined in three kid-
neys per group. Expression of MHC class 2 was based on
semiquantitative assessment.13

Polymerase Chain Reaction

Sample Preparation

Kidney tissue biopsy samples were removed at the time
points indicated above and immediately snap-frozen in liq-
uid nitrogen and stored at �70°C. Before analysis, the
thawing tissues were transferred in 700 �L guanidinium
isothiocyanate solution and homogenized using an Ultratur-
rax tissue homogenizer (Jahnke und Kunkel, Staufen i.Bre-
isgau, Germany). Total RNA was extracted from core bi-
opsies by a standard method (ethanol-phenol precipitation).
RNA was reverse-transcribed as previously described.14

DNase digestion was performed before cDNA synthesis.

Quantification of Cytokine Genes

Cytokine gene expression was measured using PCR on
the ABI PRISM 7700 Sequence Detection System (Taq-
Man, Foster City, CA). Genes encoding for the following
products were investigated: CD3, CD25, interleukin-2,
Mip-1�, interferon-�, Fas ligand, INOS, HO-1, interleukin-
10, perforin, and tumor necrosis factor-�. The method uses
the 5' nuclease activity of Taq polymerase to cleave a
nonextendable dual-labeled fluorogenic hybridization probe
during the extension phase of the PCR. One fluorescent dye
serves as a reporter (FAM, 6-carboxyfluorescein), and its
emission spectrum is quenched by the second fluorescent
dye (TAMRA, 6-carboxy-tetramethyl-rhodamine).

The reactions are monitored in real time during the log
phase of product accumulation. The increase in the reporter
dye fluorescence intensity during PCR is proportional to the
amplification of the target sequence. The cycle number at
which the amplification plot crosses a fixed threshold above
baseline is defined as the threshold cycle (Ct). To control for
variation in DNA content across different preparations, all
results are related to the concentration of a gene whose

expression remains more or less constant, the so-called
housekeeping gene. We choose for the housekeeping gene
the rat aldolase gene because it did not cross-react with
genomic DNA.

Relative quantitation was performed according to the
comparative �Ct method (User Bulletin #2, Perkin-Elmer,
1997; DNA/RNA Real-Time Quantitative PCR, Perkin-
Elmer, 1998 Applied Biosystems, Weiterstadt, Germany).
The difference between the mean Ctcytokine and the mean
Ctaldolase was calculated to normalize for different amounts
of DNA (�Ct). The result for the cytokine gene expression
after versus before treatment was given by a unitless value
through the formula 2–�Ct.

The PCR reaction was performed in a final volume of 25
�L containing 1 �L cDNA, 12.5 �L Master Mix (TaqMan
Universal PCR Master Mix, Perkin Elmer), 200 nmol/L
hybridization probe, 50 to 900 nmol/L of each primer, and
5.5 �L distilled water. After an initial step of 2 minutes at
50°C involving activation of uracyl-n-glycosylase and deg-
radation of any preexisting contaminating RNA sequences,
a denaturation and a hot start for AmpliTaq Gold DNA
polymerase was performed at 95°C for 10 minutes. The
amplification took place in a two-step PCR (40 cycles; 15
seconds denaturation step [95°C] and 1 minute annealing/
extension step [60°C]). The mean Ct values for aldolase and
the cytokines were calculated from double determinations.

Statistical Analysis

Statistical significance was ascertained using the Student
t test, log-rank-sum test, and Mann-Whitney test. The re-
sults are expressed as mean � SD and were considered
significant at P � .05. Graft survival was expressed graph-
ically using the Kaplan-Meier survival curve.

RESULTS

Physiologic Changes After Brain Death
and Ischemia–Reperfusion

During inflation of the Fogarty balloon and the gradual
onset of BD, the animals reacted with sharply increased
arterial blood pressure for 15 to 30 minutes (average MAP
� 206 � 38 mm Hg at 10 minutes vs. MAP � 102 � 15
before injury, n � 40, P � .0001). After this period of
autonomic storm, most of the rats then maintained stable
blood pressure (average MAP 80–100 mm Hg) until the
kidney was removed for transplantation after the 6-hour
ventilation period. Hypotensive animals were excluded.
Living donor control animals were consistently normoten-
sive (average MAP 80–100 mm Hg, n � 20). Electroen-
cephalography showed flat-line tracings in brain-dead ani-
mals compared with continued physiologic activity in the
controls. The average urine production of control animals
during this pretransplant period was 0.9 � 0.3 mL per 6
hours (n � 20); the brain-dead rats showed some diuresis
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(1.2 � 0.3 mL per 6 hours, n � 20, P � .005), indicating
diabetes insipidus, a common phenomena in brain-dead
organ donors.

The cold ischemic time necessary for the transplant pro-
cedure did not differ appreciably between the groups (23 �
2 minutes for group 1, 20 � 2 minutes for group 2, 21 � 4
minutes for groups 3 and 4). However, there were signifi-
cant differences in the period of reperfusion between the
release of the vascular clamps and complete cortical perfu-
sion of the grafts (group 1, 18 � 5 minutes vs. group 2, 4 �
2 minutes, P � .0001; group 3, 8 � 4 minutes, P � .001;
group 4, 7 � 5 minutes, P � .001; group 3 vs. group 4, NS).

Allograft Survival

Recipients of kidney allografts from brain-dead donors
experienced an accelerated rate of acute rejection and died
of renal failure significantly earlier than controls (P � .01,
Fig. 1). Recipients of treated kidneys from groups 3 and 4
showed survival times comparable to living donor controls
(group 2, NS) and significantly better survival times versus
the group 1 animals (P � .01).

Histology
Although characteristic morphologic changes associated

with immunologic rejection were observed in the trans-
planted allografts of all groups, the tempo and intensity of
the process were strikingly different. Within the first 24
hours, margination and pooling of neutrophils were obvious
in the microvasculature and glomeruli of kidneys from the
untreated brain-dead donor animals in group 1. By day 3,
relatively large numbers of mononuclear cells had scattered
throughout the graft substance and had formed clumps
around vessels and tubules. Minimal cellular activity was
noted during this initial interval in the grafts of recipients in
groups 2, 3, and 4. By day 10, histologic changes in group
1 allografts included dense cellular infiltrates, increasing
interstitial inflammation, loss of tubules, and endotheliitis.
The grafts of animals dying acutely of renal failure in this
group exhibited massive cellular infiltration, interstitial
edema, and necrosis. In contrast, cellular activity was sig-
nificantly diminished in the kidneys of living donor controls
and in the animals in groups 3 and 4; differences in the
intensity or tempo of the acute phenomenon between these
groups were minor.

Immunopathology
Immunolabeled infiltrating cells occurred in relatively

small numbers before transplantation in the kidneys of
living donor controls and treated brain-dead donor groups.
In recipients of organs from untreated brain-dead donors,
however, the number of ED1�, CD4�, and CD8� cells was
significantly greater (P � .05), and they were located pre-
dominantly around vessels and in direct contact with tu-
bules. Cellular infiltration increased quickly within 6 hours
of transplantation, and by 24 hours macrophages and T-cell
populations had become increasingly obvious (Table 1, Fig.
2). Cellular infiltrates were relatively few in the kidneys
from recipients in groups 2, 3, and 4 at this time point.
Although all leukocyte populations increased slightly up to
10 days in these latter groups, they remained consistently
lower than in group 1. Numbers of B cells did not vary
significantly between the groups and contributed less than
5% of graft cellularity at any point (data not shown).

Figure 1. The tempo of acute rejection and the resultant survival of
unmodified recipients of renal allografts are shown (Kaplan-Meier sur-
vival curve). Survival of animals with grafts from brain-dead donors is
significantly shorter than in animals with grafts from living donor or
treated animals (all groups P � .01 vs. brain-dead donors).

Table 1. INFILTRATING CELL POPULATIONS

Marker

0 Hours 24 Hours 10 Days

Group
1

Group
2

Group
3

Group
4

Group
1

Group
2

Group
3

Group
4

Group
1

Group
2

Group
3

Group
4

ED1 4 � 2 2 � 2* 2 � 1* 3 � 1* 19 � 9 4 � 2* 4 � 2* 5 � 2* 50 � 24 21 � 7* 26 � 11* 28 � 10*
CD4 8 � 2 3 � 2* 4 � 3* 6 � 2 10 � 3 3 � 2* 4 � 2* 6 � 3* 83 � 40 61 � 13* 63 � 24* 74 � 45
CD8 5 � 2 2 � 1* 2 � 1* 3 � 1* 9 � 3 4 � 2* 4 � 2* 4 � 2* 87 � 32 58 � 38* 67 � 31* 77 � 34
CD25 2 � 1 1 � 1* 1 � 1* 1 � 1* 9 � 2 2 � 1* 4 � 1* 3 � 1* 46 � 16 34 � 13* 38 � 14 43 � 16

* P � .05.
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Expression of MHC class 2 became apparent on infiltrat-
ing mononuclear cells (10–20%) before transplantation and
within a few hours thereafter on endothelial cells (focal) in
group 1 kidneys, in contrast to those in groups 2 and 4 (no
staining). Interestingly, the infiltrating cells in grafts from
donors treated with sPSGL (group 3) expressed MHC class
2 antigens in a pattern comparable to group 1 before and
after transplantation. By 6 and 24 hours, induction of MHC
class 2 was even more obvious on leukocytes, interstitial
dendritic cells, and endothelial cells in both untreated brain-
dead donor kidneys (at 24 hours, interstitial dendritic cells
10–20%, endothelial cells diffuse, mononuclear cells 20–

50%) and after treatment with sPSGL (at 24 hours, intersti-
tial dendritic cells 10–20%, endothelial cells diffuse, mono-
nuclear cells 10–20%; see Fig. 2). Although subsequent
MHC antigen expression in groups 2 and 4 was consistently
present, it remained less than in groups 1 and 3 at all time
points.

Polymerase Chain Reaction

mRNA expression in kidneys of brain-dead and living
donors was assessed by PCR before transplantation and
serially thereafter for the representative inflammatory cyto-

Figure 2. Effects of brain death on intragraft events 24 hours after transplantation. Numbers of ED1�, CD4�, CD8�, and CD25� cells present in
control kidneys are minimal (a–h). Donor brain death, in contrast, markedly enhanced the infiltration and accumulation of these leukocyte subtypes
within perivascular and periglomerular areas (k–t). Cellular infiltrates were absent at 24 hours in the soluble P-selectin glycoprotein ligand (sPSGL)
donor treatment group and in living donor kidneys, although their presence was diminished less by steroid treatment. Intragraft expression of MHC
class 2 was increased and was particularly evident in interstitial macrophages in kidneys from untreated brain-dead donors; it was expressed only
moderately in controls and after steroid treatment (i, j). sPSGL treatment did not affect MHC class 2 expression, which remained comparable to
brain-dead organs (a–t). (Serial cryostat sections, representative of 4 animals per group per time-point; hematoxylin counterstain, �400)
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kines tumor necrosis factor-�, interferon-�, MIP-1�, per-
forin, and Fas ligand. These were significantly (P � .05)
upregulated 6 hours after BD in kidneys from group 1 hosts
versus controls (n � 4 per group; Fig. 3). Donor treatment
with steroids limited the transcription of these proinflam-
matory mediators after reperfusion (P � .05 at 6 hours after
transplantation), but sPSGL treatment had less effect. Dif-
ferences between the groups became less obvious at 3 and
10 days, although organs from untreated brain-dead donors
in most instances showed the highest and living donor
organs the lowest transcription rates. There were no statis-
tically significant differences in the transcription of CD25,
CD3, interleukin-2, and interleukin-10 as markers and prod-
ucts of infiltrating cells between the groups before trans-
plantation, although untreated organs in group 1 showed
increased expression after transplantation (P � .05). The
expression of CD25 and CD3 was reduced more by treat-
ment with sPSGL than with steroids (P � .05). HO-1
transcription was significantly increased after treatment in
both groups at the early time points (P � .05 vs. brain-dead
and living donors) but returned to baseline levels after 3
days and 10 days. There were no significant differences
between brain-dead and living donors during the observa-
tion period. Donor treatment with sPSGL did not upregulate
the transcription of INOS, in contrast to treatment with
steroids, which reduced INOS transcription significantly at
0 hours, 6 hours, and 3 days (P � .05) and kept it at a lower
level at day 10. At all time points, the transcription of INOS
was highest in the untreated BD group; little expression was
noted in controls.

DISCUSSION

The syndrome of BD is characterized by rapid and cha-
otic swings in blood pressure, an early hypertensive phase
followed by later normotension or hypotension. Intense
catecholamine release from sudden sympathetic stimulation
either from direct neural activity or from excessive produc-
tion of endogenous catecholamines (“autonomic storm”)
elevates peripheral vascular resistance and alters tissue per-
fusion.15–17 The vasoconstriction is presumably so severe
that flow to peripheral organs may be significantly reduced
despite markedly increased perfusion pressure.18 These cir-
culatory changes may produce severe ischemia of donor
organs before their removal, a damaging insult that is wors-
ened by reperfusion after transplantation. As a result, the
incidence of acute tubular necrosis leading to delayed graft
function is often increased in grafted kidneys from brain-
dead donors.19,20 The unstable period of “autonomic storm”
during and after BD also produces intense inflammatory
changes in the prospective graft.21 Recent experimental
examination of the relation between explosive BD and the
activation of peripheral organs has shown rapid infiltration
of leukocyte populations with upregulation of their associ-
ated cytokines and other products.1 Changes in the organ
secondary to the nonspecific, antigen-independent insult of

BD and associated I/R appear to trigger host alloresponsive-
ness, which in time accelerates and intensifies the process of
both acute and chronic rejection.

Attempts to modulate systemic activation after BD have
been problematic. The effects of treatment of the brain-dead
donor by hormonal substitution therapy have been conflict-
ing: benefit to the quality of the organ to be transplanted has
been found only sporadically.8,22 The present study inves-
tigated strategies involving both nonspecific blocking of
proinflammatory mediators using steroids and the more
selective inhibition of infiltrating leukocytes with sPSGL.
The antiinflammatory actions of steroids presumably inhibit
the production of cytokines and other cell products. sPSGL
has been shown to be effective in preventing I/R injury in
experimental models.23,24 P-and E-selectin are early adhe-
sion molecules that mediate rolling and initial attachment of
circulating leukocytes to vascular endothelium in inflamma-
tory states.25,26 A high-affinity ligand for these molecules,
PSGL-1 (CD162) is a sulfated, sialyl Lewis X-bearing gly-
coprotein expressed on cell surfaces and essential for their
diapedesis into rejecting grafts.27,28 Binding of the selectins
to their ligand is important in both in BD and I/R injury.3,29

Because selectins mediate the initial events of leukocyte
adhesion, it is reasonable to postulate that selectin-directed
blockade would reduce cell-mediated damage associated
with BD in similar fashion to its effects in I/R.23 Indeed, our
results indicate that sPSGL inhibits the infiltration of vari-
ous leukocyte populations and expression of MHC class 2
antigens in the kidney both after donor BD and after trans-
plantation. It has been shown both clinically and experi-
mentally that impaired early function secondary to initial
I/R injury influences later graft behavior and is a risk factor
for chronic graft dysfunction.30 In the present study, sPSGL
treatment of the donor led to delayed occurrence of acute
rejection in the unmodified hosts, resulting in survival times
comparable to those of living donor grafts. Treatment of the
donor with steroids showed similar effects, with reduction
of cellular infiltration within 24 hours after transplantation.
Steroids were also more effective than sPSGL in decreasing
the transcription of various leukocyte and endothelial cell-
derived cytokines and mediators. I/R injury is diminished
by this treatment, indicated by downregulated activity of
proinflammatory cytokines and Fas ligand and perforin,
factors involved in cell death after injury. INOS expression,
a potent vasodilator, decreased in organs from treated brain-
dead donors. Nevertheless, there were significant differ-
ences in the return of uniform cortical blood flow, which
was defined as reperfusion time after transplantation. This
suggests that both drugs reduced reperfusion injury and
could influence significantly the catecholamine-mediated
vasoconstriction and microcirculatory disturbance occurring
rapidly after BD.

The upregulation of cytokines and other cell products
after 24 hours may be due to the transient effects of these
drugs. Cellular infiltrates were still present in the steroid-
treated group, to a lesser extent than in the organs in group
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Figure 3. mRNA expression in kidney tissue in brain-dead and control grafts before transplantation (0
hours) and up to 10 days after transplantation.
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1, but greater than those occurring after sPSGL treatment
and in living donor kidneys. By day 3, the presence of the
proinflammatory lymphocyte-associated cytokines tumor
necrosis factor-� and interferon-� were associated with
MHC class 2 expression in the kidneys from group 1 more
than in those of the treated groups 3 and 4.

Upregulation of MHC class 2 molecules in peripheral
tissue and infiltrating leukocytes is an important effect of
BD and other nonspecific endothelial injuries, including
I/R.31 It is important that in group 1 organs, MHC class 2
was expressed before the organ was removed, in contrast to
its absence or significantly reduced expression in the other
groups. The presence of MHC class 2 antigens increases
graft immunogenicity via the T-cell recognition process and
acts as an important trigger for host alloresponsiveness. As
a result, early suppression of its expression contributes to
improved graft survival.

These experiments show that intervention early after the
induction of BD either with steroids or sPSGL inhibits the
effects of this central catastrophe in peripheral tissue. Thus,
this neurologic state should not be considered a static con-
dition, but a dynamic process that influences significantly
the quality of peripheral organs. Although the kinetics of
inflammatory changes in the human donors and the optimal
time point for therapeutic intervention before harvesting
remain unanswered, reduction of the initial BD-mediated
inflammatory immunologic changes in this reproducible rat
model at least can minimize sequential cellular activity and
modulate I/R injury and may prevent eventual renal dys-
function. In the context of allotransplantation, a more inert
brain-dead donor organ, which resembles one from a living
donor, does not trigger immediate host immunity and may
attenuate and delay the initial effects of acute rejection and
the later changes of the chronic process. This observation
may have important clinical application.
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Discussion
PROF. L. FERNANDEZ-CRUZ: Thank you, Dr. Pratschke, for your excellent

presentation. I believe you and the group of Berlin should be congratulated
for this excellent work. It seems that the brain death of the donor is a
significant risk factor for organ survival after transplantation. It is very
interesting to see that you decrease the inflammatory response after brain
death with an early intervention. A relationship between brain death and
graft performance after transplantation is of outstanding interest for trans-
plant surgeons and biologists. In this context I have a few questions.

You did your investigations in the kidney; I am wondering if the state of
brain death causes inflammation of other organs besides the kidney. My
second question is, is there a relationship between brain death and ischemia
perfusion? I think this is interesting. Do you think they evoke similar
mechanism of injury? Can you explain further how early no specific injury
can produce long-term changes?

Thank you.
SIR P. MORRIS: I too enjoyed this paper. It is a further study in the series

from Nick Tilney’s group, and you yourself have been involved in most of
them. The paper that you presented elaborates on this intriguing concept of
the injury recurring after, or during, brain death. I have one comment and
one quick question. You did state in your presentation that the survival of
spouse transplants, where the matching of donor and recipient is usually
poor, leads to a comparable outcome of a kidney transplant as that in
parent-to-child transplants. This is not strictly so, in that within the Euro-
pean collaborative study Opelz has demonstrated a major influence of
matching on the outcome of spouse transplants, so that transplants between
the better-matched spouses do considerably better than between poorly
matched spouses. This is now confirmed in the UNOS data. Thus, I think
it is important to realize that even in the spouse transplants without brain
death, there is an immunologic influence of matching.

The question I want to ask is, I think, of considerable clinical relevance,
and that is: What is the effect of steroids given after brain death has been
established? In your model, for example, if you gave steroids 3 hours after
establishing a brain death, would you see an influence similar to that as
demonstrated by the administration of steroids at the time brain death is
induced? I do not know whether you have done those experiments or not,
but I would be very interested to hear your comments.

PROF. P. BELL: I enjoyed your paper and would like to ask a question
about nonheart-beating donors in this context. If you are correct, then if
you take biopsies from nonheart-beating donors, they should have little or
no class 2 antigens on their kidney and they should do better, because the
donor has not had any upregulation of their immune system. Have you tried
that? If not, maybe you should.

It is my impression, from our nonheart-beating donor cases, that they do
better after recovery from their initial ATN. They seem to have less
rejection episodes and do fine long term with good renal function.

DR. J. PRATSCHKE (CLOSING): Thank you very much for the questions.
First I would like to address the question of Prof. Fernández-Cruz. We have
shown proinflammatory activation in our experimental setups in the kidney

as well as in the heart immediately after brain death. Beside this, we also
observed for both organs an accelerated course of rejection after allogeneic
transplantation. There is some evidence of similar perturbations in the
liver, shown by Van der Hoeven and coworkers in a similar experimental
approach. In large animals rendered brain-dead there are only few data
available, demonstrating patches of myocyte necrosis and delayed organ
function after heart transplantation. These investigations have been done in
the 1980s by Reichart, Novitzky, and Cooper at Cape Town. In humans the
only data available are from Koo, Welsh, McLaren, and coworkers pub-
lished in Kidney International showing in human kidneys significant dif-
ferences in terms of ischemia/reperfusion injury and rejection episodes
between cadaver and living donors.

The second question is a very important one as there is indeed a close
relationship between brain death and ischemia/reperfusion. At the moment
brain injury is induced, the animals react uniformly with sharply increased
mean arterial blood pressure and vascular resistance of peripheral organs.
These phenomena are well known and summarized in the literature as
“autonomic storm.” As a consequence, the perfusion of peripheral organs
is reduced during and after brain death induction due to microcirculatory
disturbances. Our hypothesis is that organ ischemia starts at the moment of
brain death, despite increased mean arterial blood pressure, and persists on
different levels until organ harvesting. It is likely that early-onset ischemia
leads to deteriorated reperfusion injury, which we observed experimentally
after transplantation of organs from brain-dead donors.

Early nonspecific injuries, as for example the brain death of the donor,
surgical manipulations, ischemia, and following reperfusion injury, have a
common pathway: these injuries result in unspecific inflammatory activa-
tion of the prospective graft before transplantation and lead to an enhanced
interaction with specific allogeneic factors after transplantation. The higher
the activation level of the organ before grafting, the worse the injury
afterward, leading to reduced organ mass and early onset of fibrosis,
arteriosclerosis, and in kidneys glomerulosclerosis. Our data show clearly
that early inflammatory changes can be interrupted with steroids and in a
more specific approach with sPSGL. Interestingly, without further immu-
nosuppressive treatment, rebound phenomena were observed over time in
our series. We hypothesize that by diminishing the initial injury as much as
possible, we will see beneficial effects not only shortly after transplanta-
tion, but even over the long term.

To address the question of Sir Peter Morris: Until now we did not define
a resection kinetics with different time points of therapeutical intervention.
In our experiments we gave the drug at the moment of brain death to show
principally that there is a chance to stop brain death-induced proinflam-
matory changes. This is of course not completely comparable to the human
situation, where there is usually a period of intensive care between brain
death and organ harvesting. I agree that it would be very interesting to
examine later interventions and the outcome thereafter.

Prof. Bell’s question about the nonheart-beating donor situation is hard
to answer and I am afraid I can only speculate. Recently Dr. Tilney and his
fellow I. Laskowski performed a few experiments with nonheart-beating
donors, showing that some of the nonheart-beating donors are comparable
or even better grafts than those from cadaver sources. To answer this
question sufficiently, still a lot of experiments have to be done.

Thank you very much for the discussion.
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