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Abstract

Acute Tubular Necrosis (ATN) in renal transplant
‘recipients predisposes to rejection and higher rates of graft loss
by an unknown mechanism. Induction of Major
Histocompatibility Complex (MHC) antigens is reported to precede
rejection and increase the T cell response. To study whether
ischemic ATN can alter MHC expression, a unilateral model of ATN
was produced in the left kidney of male CBA mice by temporary
clamping of the vascular pedicle for up to 60 minutes. Class I and
II MHC expression was quantified by radioimmunoassay after 1
to 35 days in both kidneys and localized by indirect
immunoperoxidase staining (IIP). Specific steady state mRNA for

B2 microglobulin (Class I) and class II were quantified by

northern blotting.

By day 1, ATN was evident by histology but there was no
consistent change in MHC expression. By day 3, Class I expression
was increased in the ischemic kidney by 3 to 6 times over the
control both at the antigen and mRNA level. By IIP, the class I
increase was localized to tubular epithelial cells.  This increase
was blocked by either cyclosporine or anti-interferon y antibody
treatment. Starting on day 7 and persisting to day 35, Class II
was increased by 1.5 to 3 times for the ischemic kidney over the
control, primarily in interstitial cells but also occasionally in

tubular cells. This increase was associated with the appearance of



Thyl.2 positive cells in the interstitial areas and was unaffected

by cyclosporine.

In mice, unilateral ischemic ATN causes increased MHC
expression in tubular cells and the accumulation of an
inflammatory infiltrate. This may be one mechanism whereby
renal allografts with primary nonfunction become more prone to

rejection.
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It is a consistent yet unexplained finding in the renal
transplant literature that lack of early renal function predisposes
to later graft loss due to rejection. One possible explanation is
that the ischemic damage which leads to acute tubular necrosis
(ATN) and initial nonfunction also increases the immunogenicity
of the organ. The following series of experiments attempts to test
this hypothesis in a mouse model of ischemic ATN by examining
the changes in magnitude and location of antigen expression in
the damaged kidney, compared with the normal contralateral

side.

N i

Acute tubular necrosis is the most common form of acute
renal failurel. Its many etiologies can be divided into toxic (such
as aminoglycoside or organic solvent induced) and ischemic (such
as from aortic occlusion or prolonged hypotension). The final
common pathology is damage to tubular epithelial cells with
tubular obstruction from cellular debris, tubular fluid backleak,
reduced glomerular filtration rate, reduced renal blood flow and
ultimately clinically evident renal failure2. When supportive
measures, including dialysis if needed, are instituted early and

the etiology removed, ATN is reversible.

1-



ATN in renal tranpslants is almost exclusively due to
ischemia. The cadaveric kidney is subject to injury both during
storage and reperfusion. The central biochemical derangement
during ischemia is accumulation of NADH and depletion of ATP
due to the lack of molecular oxygen for oxidative
phosphorylation3. ATP dependent enzyme systems are rapidly
inactivated, leading to an increase in intracellular sodium and
osmotic cell swelling. Similarly, calcium accumulates in
mitochondria and in the cytosol due to a decrease in Ca**-ATPase
activity and decreased Nat-Ca** exchange*. Adenosine from ATP
is degraded to inosine and hypoxanthine5 which are important in
reperfusion injury. Finally, the dependance of the cells on
anaerobic metabolism leads to an accumulation of lactate and

hydrogen ions leading to lysosomal and mitochondrial damage.

During reperfusion, when molecular oxygen is again

available, the action of xanthine oxidase on hypoxanthine

generates the superoxide radical (0,7) which can be further
reduced to hydrogen peroxide (H,0,) and the hydroxyl radical.
The superoxide radicals cause irreversible cellular injury by
lipid peroxidation of plasma, lysosomal and mitochondrial

membranes6-11,

Renal biopsies of human ischemic ATN typically show
focal necrosis of tubular cells. Dilated tubules are often filled with

cellular debris (casts). Finally, the development of an interstitial



lymphocytic infiltrate is often seen at the corticomedullary

junction and in the vasa rectal?-15,

Transplant ATN and Graft Rejection

In a renal transplant, when function does not begin
immediately.(in the absence of a technicali problem or hyperacute
rejection), transplant ATN (Tx ATN) is diagnosed. In cadaveric
transplants, the rate of Tx ATN may be as high as 60%. With
appropriate supportive measures, most of these grafts eventually

begin to function normally.

. The deleterious effects of Tx ATN can be divided into
early and late. Early problems include the necessity for restarting
dialysis, prolonged hospital stay and the performance of more
diagnostic tests (renal scan, biopsy) to rule out intercurrent
rejection or drug toxicity. The late effects of Tx ATN have been
the subject of much controversy over the last 20 years. A
consensus is now appearing that kidneys with initial Tx ATN have
higher rates of rejection and graft loss than those with immediate

function.

In 1967, Williams et all® were the first to correlate Tx
ATN with graft survival, and they found no effect. Their results
were likely influenced by the low graft survival rate (34% at 18
months for cadaveric transplants). Whittaker et all’7 were the

first to conclude that initial function significantly improved graft



survival. They believed however that this was due to the
morbidity of the investigations and invasive procedures (60% of
the ATN group) performed to ascertain the etiology, rather than
any specific effects of the ATN. Cho et al!® reviewed 431
cadaveric transplants and also concluded that Tx ATN impaired
graft survival, however they believed that it was the ATN itself to
blame. They suggested that ATN could be increasing the immune

response or impairing the diagnosis of rejection.

The multicentre studies of Opelz et all® have been
particularly influential because of the large numbers of
transplants (4474) analyzed. They found highly significant
correlations between kidney graft function at 1 day, 1 week or 1
month and long term graft survival. They used these findings to
conclude that early graft function is a valid indicator of long-term
outccme and that therefore new treatment protocols could be
assessed after relatively short transplant follow-up. These
findings were also confirmed by other centers at that time20-22,
By contrast, the early Minnesota experience showed no long term
effect of Tx ATN on patient or graft survival?3:24,  They
postulated that the findings of others that Tx ATN caused
rejection may in fact be because severe rejection caused the

ATN?24,

The analyses from the Southeastern Organ Procurement
Foundation have been very influential because of the large

patient numbers from 41 centers, and the use of the powerful



statistical model of multivariate analysis23-28, They have
consistently found that Tx ATN is associated with decreased graft
and patient survival. In 1984, they reported highly significant
association between Tx ATN and graft loss from all causes
(p<.00001), irreversible graft rejection (p<.001) and patient death
(p=.012)25. On later follow up, Tx ATN still remained highly
significant, having a relative risk of 1.427 for overall graft failure,
1.377 for irreversible graft rejection and 1.267 for patient

death26,

In contrast to the previously noted Minnesota
experience, recent reports tend to support the detrimental effect
of Tx ATN29-30 Heil et al2? found that Tx ATN correlated with
poorer graft survival and attributed this difference between
current and previous reports to the overall reduction in graft loss,
which had now revealed an effect previously obscured by high
overall rejection rates. Canafax et al30 reported that Tx ATN
correlated with poorer graft survival, reducing it from 89% to 72%
at one year. Furthermore, cyclosporine was not associated with a
higher incidence of Tx ATN, but it did slow the recovery of those
kidneys with Tx ATN. These findings were confirmed by other

studies in the cyclosporine era31!-33

There are still a few modern studies which discount Tx
ATN as a negative graft survival factor34:35. Mendez-Picton et
al34 analyzed the Virginia experience and found that while one

year survival for patients with Tx ATN was decreased (52.4% vs



63.0%), it was not statistically significant. The main criticism of
this conclusion would be the inclusion of transplants from the
1970's, resuiting in very poor overall one year survival rates
which could have obscured significant differences, Barry et al35
reported on 104 cadaveric transplants who received cyclosporine
and found no difference in graft survival between Tx ATN
kidneys and those that functioned immediately (82.2% vs 82.6%).
Patients with Tx ATN did have significantly higher serum
creatinines at one month, but there was no difference by 6
months, They attributed their different conclusions to the facts
that they used lower doses of cyclosporine and discontinued the

drug during OKT3 treatment of rejection episodes.

Recent analyses of transplant data in Ontario and
Alberta have supported the deleterious effects of Tx ATN.
Halloran et al3® performed a study of a quadruple therapy
protocol in which anti-lymphocyte globulin was used for
induction. In this group of 200 consecutive transplant patients,
graft and patient survival of 85% and 95% at one year were
obtained.  Excluding 3 technical failures, grafts with Tx ATN had
75% survival compared with 91% for grafts with good early
function. The relative risk for graft loss was 2.86 for Tx ATN. The
presence of Tx ATN was the strongest correlate of one yeai

survival, which was also supported by their earlier studies®7-39,

Finally, in a recent review of the University of Alberta

rena! transplantation database, Madrenas et al (unpublished)



have found Tx ATN to be a significant risk factor for graft failure
(relative risk = 1.59, p<0.027) and that its effect was additive to
that of other significant covariates previously established in their
statistical model. This relationship held true regardless of the

diagnostic criteria used to define Tx ATN.

In summary, most modern studies of cadaveric renal
transplants, incl'uding all the multicentre studies with large
numbers and all centers using multivariate analysis, find that Tx
ATN has a detrimental effect on ultimate graft function and
survival. Interestingly, while prolonged warm ischemia and
anastomosis times are reliable predictors of Tx ATN, and cold
ischemia correlates when very prolonged49-43, they alone do not
correlate with poorer graft survival30-36,  Anastomosis time has a
complex interaction with Tx ATN in predicting graft function, but

the full significance of this has not yet been determined.

A mechanism for the increased graft loss in kidneys with
Tx ATN has never been proven but there have been hypotheses
advanced. One is that not all Tx ATN represents "pure” ATN but
rather a combination of ATN with rejection. This could be caused
by preformed antibodies not detectable at the time of crossmatch
but predisposing to further episodes of rejection. A second
possibility is that ischemic damage makes the recovered kidney
more sensitive to further insult and vascular shutdown. A third

possibility which has been suggested but never investigated!® is



that ischemia somehow renders a kidney more immunogenic. It

is this possibility which prompted these experiments.
n I . Ii. l l Il .! L] I g ! ! I 9
Introduction

The Major Histocompatibility Complex (MHC) of genes,
found in all higher vertebrates, code for molecules that allow
thymus derived lymphocytes (T cells) to recognize "self" from
"non-self” and coordinate the immune system in its response.
Their discovery came about not from organ transplantation
research but from experimental oncology. The pioneering work of
Gorer*4, Snell*S and Medawar led to the discovery of the MHC
genes, whose products elicited the strongest tissue rejection when
incompatible with the host (see Klein® and Golub?7 for excellent

historical reviews).

Structure

The MHC genes and products are grouped into 3
“classes”. Class III genes code for the complement products which
act in concert with antigen-antibody complexes to produce cell
death and propagate the inflammatory response. Because they
are not related to T cell recognition or cellular immunity, they will

not be further considered here.



Class I and II products are highly polymorphic
transmembrane glycoproteins. Their external portion is divided
into domains which have sequence homology with
immunoglobulins and the T cell receptor, suggesting a common
evolutionary ancestry*®. The extensive polymorphism, which
results in a unique haplotype for each individual in the
population, is generated by the existence of multiple alleles for

each of the multiple genes.

Class I genes code for antigens (H-2 K,I,S,D in mice; HLA
A,B,C in humans) that are expressed on all nucleated cells and
platelets, as well as erythrocytes in the mouse4®. The Class I
product is 45,000 daltons with 3 external domains (a1-3),

changes in which are responsible for allelic variation. It is bound

non-covalently with B89 microglobulin, an invariant non-MHC
encoded peptide of 12,000 daltons39. The 3-dimensional
structure of human HLA-A2 has recently been determined’!-32.
The region farthest from the membrane (which interacts with T
cells) is a platform of 8 B-strands topped by a-helices. Between
these is a groove that provides a binding site for foreign antigens.
Most of the genetic polymorphism occurs in the binding site

area’Z,

Class II genes code for molecules (I-A,E in mice; HLA-D
in humans) that are expressed constitutively on a limited number
of cell types of the immune system. These include B cells,

macrophages, monocytes, activated T cells and some epithelial



cells. The class II molecule is a heterodimer with an a (33,000
daltons) and B (28,000) chain. There is no invariant homologue of
B2 microglobulin. Each chain has 2 globular domain regions. The
shorter B chain contains the allogeneic sites although the o chain
does exhibit some structural polymorphism. While class II
molecules have not yet been crystallized, current evidence
suggests that they bind peptide and interact with the T cell

receptor in a manner similar to class I53,
Function

The function of the MHC antigens is to participate as
targets for T cell recognition3®. T cells will only respond to
foreign antigens if they are presented either in conjunction with
self MHC (ie. a virally infected cell) or as altered MHC?3 (as in an
allograft). T cell subclasses are "restricted” by different MHC
classes: CD4% cells (classically "helper” cells) react with class II
and CD8% cells (classically "cytotoxic/suppressor” cells) react with
class 196:57,  Activated helper T cells proliferate, secrete cytokines
(such as interleukin-2 (IL-2) and interferon y) and coordinate the
humoral and cellular immune response. Cytotoxic T cells kill the
target cell, a mechanism which may be important in acute graft

rejection.

It has been controversial whether T cells recognize
antigen and self MHC through two separate receptors or through

one38, The bulk of experimental evidence pointing to a one
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receptor model®:60 has been lent credence by the

aforementioned 3 dimensional structure of Class I51-52, If foreign
antigen is "seen” by the T cell receptor while held physically in a

groove within the MHC molecule, a single receptor to interact with

the two molecules seems the most plausible.

The rate of binding of T cells with MHC molecule/antigen
complexes is influenced by MHC quantity as well as quality. In
normal humans, the amount of MHC of each class expressed varies
between organs and cell typesS1:62, It is not surprising that the
efficiency of T cell recognition is related to MHC density. In
different in vitro systems, increased class I expression correlates
with more efficient killing by CD8* cytotoxic T cells63-66,

Similarly, increased class II ekpression on the antigen presenting
cell leads to more efficient CD4* cell activation67-70, As will be
seen, this mechanism plays a role in many physiologic and

pathologic responses.

Regulation of MHC Antigens

As previously discussed, different organs and cell types
constitutively express varying quantities of MHC antigens. Many
factors have been discovered that regulate MHC expression in
vitro and in vivo 7. These may increase or decrease the amount
of each particular class already expressed, may induce the
expression of a class not normally expressed constitutively

(particularly class II)72:73 or prevent the induction of expression
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by another agent’!. The primary control of MHC expression is at
the level of transcription of mRNA74 though some

posttranscriptional control has been described’5:76.

Induction of MHC products is mediated in vivo by
lymphokines, the most potent being the interferons (IFN). Type I
IFNs (a and B) induce class I but have variable effects on class
117778 while type II IFN (y) consistently induces both classes’9-82,
T celis preduce IFN y when stimulated by mitogens, allo-antigens
or IL-283 in vitro . In vivo stimvli of T cell IFN y release and MHC
induction include graft vs host disease 84, sepsis (via
lipopolysaccharide (LPS) release)85:86 and allograft rejection (see
below). Other cytokines that inducé MHC include tumour necrosis
factor37 (which acts synergistically with IFN y) and IL-488, but
whether these are important in MHC regulation in vivo is

unknown,

Several factors have been shown to decrease MHC
expression or at least prevent its induction. The
immunosuppressive drugs cyclosporine and the giucocorticoids
have negative influences on MHC. Cyclosporine is. a cyclic
undecapeptide with potent immunosuppressive effects3?. Among
its many effects, it prevents production of the cytokines IL-2 and
IFN v90, At the intracellular level, it has recently been discovered
that cyclophilin, the protein to which cyclosporine binds, is an
enzyme that catalyses the cis-trans isomerization of peptidyl-

prolyl compounds®!-92, important in protein folding. Its negative



influence on MHC is by inhibition of IFN y transcription®3°4, The
mechanisin of glucocorticoid effects remains unknown, but they
do decrease class II expression in vitro 9596, Other MHC

inhibitors include ultraviolet radiation®” and prostaglandins®8,

MHC Induction and Graft Rejection

Induction of MHC expression by IFN y appears to be a
necessary but not sufficient condition for the rejection of
vascularized allografts. Experimental transplantation of rat
pancreas®, heart and kidney!00-101 and of mouse kidney!02
repeatedly shows induction of both class I and II. Rejecting
murine kidneys showed class II induction in tubular epitheiial
- cells, which do not express it constitutively!02, Milton et al
studied the kinetics in rejecting rat heart and kidney grafts100.101
and found the increases to be most prominent between 3 and 7
days post-transplant. Treatment with cyclosporine prevented
rejection, abolished the class Il increase and reduced the class I
increase to control levels, although the li:Jlammatory infiltrate
remained unchanged!03, This effect was presumed to be due to
the prevention of IFN vy production by the infiltrating T cells.
Conversely, the use of donor specific blood transfusion, an
effective immunosuppressive treatment in the rat, prevents
rejection while leaving MHC induction and inflammatory

infiltration unchanged104-106,

13
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MHC induction appears to occur in rejecting human
allografts as well. In renal transplantation, Hiyry et al showed
that rejecting grafts had increased class 1'07 and I1'08 compared
with well functioning controls and that this increase made the
grafts more immunogenic!08. This finding has been confirmed by
other biopsy series!09-111  Fuggle et al'12:113 found that class II
induction correlated with cellular infiltrate and rejection. All
patients with normal class II at day 90 had well functioning
grafts 2 years later, whereas 3 of 9 with increased class II had
failed. Even 1 year post-transplant, the MHC expressed was of
donor typel!3. In addition to kidney, MHC induction has been
found to precede rejection in human heart!14 and liver!!s

transplantation.

Proto-oncogenes are a set of genes that have been
preserved through evolution to regulate mitosis and
differentiation. Amplification, point mutation or translocation of
these genes contribute to malignant transformation of the host
celll16.117  Thys cellular proto-oncogenes are converted to
cellular oncogenes (c-onc) which may be carried by viruses (v-

onc).

c-myc is a proto-oncogene found in all vertebrates that
is homologous to the oncogene of the avian myelocytomatosis

virus MC29!18 It encodes for a nuclear protein that helps
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regulate DNA synthesis!19-121  In vitro, the stimulation of
tumour cells!22 or T lymphocytes!23-124 results in increased c-
myc transcription. [n vivo , c-myc expression has been found to
be increased in kidneys in autosomal recessive polycystic

disease!25, as well as in ischemically damaged liver!26,

The expression of c-myc has not been studied in
ischemic ATN in any published animal models. It was chosen for
use with this model to allow for a molecular measurement of cell
activation during :ue recovery phase that was independent of

MHC expression.
i i TN

Most research into ischemic ATN has used as subjects
either rabbits or rats. The rabbit is large, easy to operate on, and
cdevelops pathologic changes similar to humans!27:128  Similarly,
temporary unilateral ischemia in the rat provides a reversible
period of ATN beginning 1-3 hours after clamp removal and
lasting from 4-8 weeks!29-132, Ferwana et al!33 found that the
most reliable ischemia is produced when the entire renal pedicle

rather than just the renal artery is occluded.

Unilateral renal ischemia in tlie mouse has been used
very rarely as a model of ATN. While they reproducibly develop
the disease, the necessity for magnification to adequately see the

renal vessels makes it more cumbersome to do. The ATN



produced is similar to that in humans with the exception that
progressive renal fibrosis occurs 3 months after recovery of the
ischemic kidney!34. The advantages of using the mouse include
availability of well characterized inbred strains, cost, and
availability of monoclonal antibodies/molecular probes for the

study of MHC expression.

16



Surgery

Mouse strains used were either male CBA or female nudes
(BALB/c background) aged 4-15 weeks. Animals were
anesthetized with Avertin (2,2,2-tribromoethanol in tert-amyl
alcohol) i.p. The left renal pedicle was exposed via a midline
incision and occluded with a clamp for between 15 and 60
minutes (plate 1). During clamping, the viscera were kept moist
with warmed salined. Visual confirmation of reperfusion to the
left kidney and lack of inadvertant damage to the right was made

prior to closing the incision in 2 layers with 5-0 Dexon.

Animals were sacrificed with ether and cervical dislocation
at selected time points after surgery ranging from 5 minutes to 35
days. Each kidney was divided into 4 samples which were
individually labelled and processed for radioimmunoassay,

immunohistochemistry, mRNA extraction or light histology.
Light Histology
Samples were fixed in 10% formalin and embedded in

paraffin blocks for sectioning. Slides were stained with

hematoxylin and conter-stained with eosin.

17
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Plate 1. ATN Surgery. MNotechiponieft renal pedicie
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Antibodi

All monoclonal antibodies were grown in our laboratory
as ascites tumours or as supernatants from hybridomas supplied
by American Type Culture Collection (Rockville, MD). They were
purified over a protein A column and adjusted to a protein
concentration of 1 mg/ml. The details of the antibodies are
provided in table 1. The goat anti rat and goat anti mouse
peroxidases were supplied by Cooper Biomedical Scientific

Division (West Chester, PA) and were polyclonal F(ab')s

fragments of IgG heavy and light chains.

Samples were snap frozen in liquid nitrogen and stored at -
70C. Each experiment contained a control kidney of a difféfent
MHC genotype from the experimental group. Each sample was
placed in a pre-weighed tube containing 1 ml of Phosphate
Buffered Saline (PBS) and homogenized. Each tube was then filled
with PBS and centrifuged at 15000 rpm for 20 minutes. The
supernatants were aspirated, the tubes weighed, and the pellet
weight determined by subtracting the original test tube weight.
One ml of PBS was added to each tube and the pellet resuspended
by homogenation. A further volume of PBS was added to bring
the tissue concentration to 10 mg/ml. A volume of 0.5 ml (5 mg)

was then added to small test tubes in triplicate for each antigen to



Hybridoma  Specificity Antibody Class Reference

11-5.2.1.9 [-ak Mouse 1gG,,, 135
11-4.1 H-2K* Mouse 1gG,,_ 135
30-H12 Thyl.2 Mouse lnga 136
R4-6A2 Murine IFN-Y Rat 1gG, 137
MK-D6 I-A Mouse 1gG,, 138
34-4-20S H-2p¢ Mouse 1gG,, 139

Table 1: Details of Monoclonal Antibodies Used
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be tested. These tubes were centrifuged at 3000 rpm for 20

ininutes and the supernatants discarded.

Monoclonal antibodies purified and radiolabelled with 1251
were prepared in our laboratory. For CBA mice, anti-H-2KK (Class
I) and anti-I-Ak (Class II) were used. These were diluted in PBS
with 10% normal mouse serum so that a 100 pl sample would
give between 100,000-125,000 counts per minute (cpm) on the
gamma counter. One hundred pl of the appropriate antibody was
added to each tube containing the 5 mg pellet of tissue and
incubated on a rocker on ice for 1 hour, One ml of PBS was then
added to each tube to stop the reaction. The tubes were
centrifuged at 3000 rpm for 20 minutes, the supernatants
discarded and the remaining tube and pellet placed in the gamma
counter. Counts of the control tissue were automatically
subtracted from experimental data before calculating a mean of

the triplicated samples.

Samples were snap frozen in Tissue Tek™ and frozen
sections cut to 5 pm thickness at -20C. Slides were fixed in
acetone for 10' at 4C then washed twice in PBS. They were then
incubated with a 1:20 dilution of normal goat serum for 20' at
room temperature (RT) followed by two further washings. Next
they were incubated with the appropriate monoclonal antibody

(Class I, II, Thy!.2) at a 1:20 dilution for 60" at RT. One control



slide received PBS instead of antibody. After 3 washes, they were
incubated with the appropriate peroxidase (Goat anti mouse for
MHC, goat anti rat for Thy 1.2) at a 1:25 dilution for 30' at RT.
After the final 3 PBS washes, the peroxidase was developed with
a solution of diaminobenzadine (5 mg in 10 ml 0.05 Tris-HCl with
50 ul of 3% hydrogen peroxide) for 10' at RT. Slides were then
washed in distilied water, stained with hematoxylin, washed in

alcohol and xylene and finally mounted with Permount.

mMRNA__Extraction

Tissues were snap frozen and stored at -70C. Samples
were then pooled for each group and homogenized in a solution of
4M guanidinium HCl with 8ul B-mercaptoethanol per ml. The
tubes were centrifuged at 10,000 rpm for 10' and the
supernatants layered on 3.5 ml of Cesium Chloride (5.7M). These
tubes were then centrifuged at 24000 rpm for 15 hours. The RNA
pellets were flushed with Diethyl Pyrocarbonate (DEPC) water and
added to 150 pul of 0.1% Sodium Dodecyl Sulphate (SDS). A
chloroform extraction was performed and the aqueous layer
added to a fresh tube. Samples were then precipitated with 15 pl
of 3M sodium acetate and 2x volume ethanol. Following
centrifugation, the pellet was dried in a vacuum and then
reconstituted with 100 u1 0.1 SDS. Optical density readings were
then taken at a wavelength of 260 nm to determine the

concentration of RNA in each sample.

22
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Northern Blot

A gel was prepared by mixing 30 ml of a boiling 1.5%
solution of agarose with 5.4 ml formaldehyde and 3 ml RNA
buffer. It was poured when cool and wells created with a comb.

It was then prerun at 40V.

RNA samples were prepared by adding 20 pg of RNA (by
O.D. reading) to a solution of 1.0 pl gel buffer, 3.5 pl
formaldehyde, and 10ul of formamide. These were heated at 60C
for 10' then rapidly cooled in ice. Two ul of ethidium bromide
with bromophenol blue was added to each solution and the total
volume added to its appropriate well in the gel. The gel was run

at 10-20V overnight.

The gel was then photographed under ultraviolet light to
ensure adequate electrophoresis. It was then placed on a
northern transfer apparatus using Hybond™ nitrocellulose paper
for the transfer and 10x Sodium Chloride/Sodium Citrate (SSC) as
the buffer medium. The following day, the blot was washed in 6x

SSC then baked at 80C for 2 hours.

Dried blots were placed in a plastic pocket and incubated in
a pre-hybridization solution for 3 hours at 42C. The appropriate
cDNA probe, radiolabelled with 32P was added and incubated at
42C overnight. The blot was then washed in decreasing

concentrations of SSC buffer with 0.1% SDS until geiger counter



readings were appropriate in the area of study. An
autoradiograph was then made by placing the blot against

undeveloped film and storing at -70C until ready for developing.

Class I was assayed with a 8) microglobulin cDNA probe!40
and Class II with an A-a c-DNA!4l. c.myc proto-oncogene was
assayed with a murine c-myc probel42. Actin was used to ensure

that an equal quantity of tissue was used in each sample!43,

Drugs

1) Cyclosporine - supplied by Sandoz (Basel, Switzerland) in an
olive oil base. An appropriate dilution was made in olive oil so
that 0.1 ml would give a dose of 100 mg/kg. This was given p.o.
to the animals starting on the day before surgery (or other
treatment) and continuing until the last day. When animals
displayed signs of neurotoxicity, the day's dose would be omitted

for all animals.

2) Lipopolysaccharide (LPS) - Salmonella derived, a solution of
250 pg/ml was made by adding 2 mg to 8 ml sterile saline and

inactivating it at 60C for 5 hours. Animals were given 0.1 ml

(25ug) i.p.

3) Anti-interferon gamma antibody - a monoclonal neutralizing

IgG1 from mouse hybridoma cell line R4-6A2137, Injected i.p.
0.1 ml daily.

24
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Statistics

Comparison of RIA results within animals was done by a
paired t test. Comparisons between grouﬁs was done by an
unpaired t test. For the comparison of data between different
experiments, the results were expressed as a percentage of the
control tissue for each run. These data were compared using the

non-parametric Wilcoxon rank sum test.



Resylts

S Prod Unilateral _ Histologic ATN

The first experiments tested different vascular clamping
times to assess their efficacy in producing ATN. It was found that
15 to 30" of ischemia failed to produce consistent changes, 45'
produced changes in approximately 75% of the affected kidneys
and 60" produced consistent and severe ischemic changes in about

90%. Sixty minutes was then used for subsequent experiments.

Gross examination of the kidney at time of animal
sacrifice showed no abnormalities in any of the control (right)
kidneys or those undergoing sham surgery. The ischemic (left)
kidney appeared grossly abnormal after 24 hours with maximal
changes after 3 days. These changes included swelling, cortical
pallor, medullary vascular congestion and inflammatory plaques
on the vascular pedicle (Plate 2). By S days only 50% of ischemic
kidneys could be distinguished grossly while by day 7 and later
the left kidneys appeared grossly indistinguishable from the right.

Light microscopy revealed that in all instances, the right
kidneys appeared normal. As well, both kidneys in sham
operated controls were undamaged. Five minutes after surgery,
the left kidneys appeared normal. By 6 hours, there was isolated
thinning of tubular epithelial cells but no evidence of tubular

obstruction (plate 3). Beginning at 18 hours and peaking at 3

26
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Plate 3: Photomicrograph of ischemic kidney 6 hours
after clamp removal. Note early dilatetion of tubules
(H and E stain 25x%)
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days, there was widespread tubular dilatation, epithelial cell
necrosis and tubular obstruction (plate 4a) with pink staining
debris ("casts") (plate 4b); By day 7, tubular dilatation was still
present but most lumina were cleared of casts. At this time,
hyperplasia of interstitial cells was noted (plate 5a). By days 14-
35, the tubules returned to a normal appearance, but the
interstitial hypercellularity persisted with the production of frank
lymphocytic infiltrates in many ‘specirriens, most pronounced on

day 21 (plate 5b).

Electron microscépy confirmed the typical findings of
ATN. Again, the control kidneys all appeared normal. As seen in
plate 6, there was tubular dilatation with loss of the brush border
and a minor degree of simplification of the basolateral membrane.
Exzamination of the glomeruli revealed some fusion of the foot
processes bilaterally, but this is a normal finding in the mouse

kidney.

Serum creatinine and blood urea levels done at the time
of sacrifice in selected animals from control and experimental
groups showed no elevation, even in the most severe cases of ATN

by histology (data not shown).

T : nchan Between Sides

As seen in figure 1, there was no change in MHC

expression by RIA following sham surgery, as quantified by the
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Plate 4. Photomicrographs of ischemic kidney at day 3

Note tubular obstruction and dilatation (Hand £ stain)
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Plate 58 Day 7 (25x)

Plate Sh Day 21 (25x)

Wit

Plate 5: Photomicrographs of ischemic kidney on days
7 and 21. Note progression of interstitial infiltrate

and normal appearance of tubules. (H and E stain)



Plate 6:
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Control (right) Kidney (2100x)

LA
N i

Electron Microscopy of Ischemic and Control

Kidneys on Day 3.
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cpm's of specific radiolabelled monoclonal antibody bound to the
tissue. There was inter-animal variation accounting for the large
standard errors, but no left/right variation within individual
animals, Immunoperoxidase staining showed low level class I
tubular expression, equal on both sides, and no class II staining.
As well, 15' of clamping the left renal pedicle resulted in no

histologic changes nor MHC induction.
n i ' Cl1 in

The results of 45" clamping over 1 to 3 days are

presented in figures 2 and 3. At 1 day, there was no change in

MHC expression between the sides. By day 3 however, class I was

increased by almost 2x in the ischemic (left) kidney over the
control side. Class II was unchanged from days 1 to 3. The
breakdown of class I for individual animals on day 3 (figure 3)
showed that some were increased 2-3x (A, B, C) and one was
increased only slightly (D). Comparison with the individual
histologic specimens revealed that the animal with no increase
also had a lesser degree of ATN. This prompted the switch to 60’

ischemia in subsequent experiments.

Tubular Induction of Class T on Day 3

Experiments looking at days O to 3 with 60' clamping
confirmed that class I expression was increased in the ischemic

kidney and class II unchanged. A typical experiment is shown in

34
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figure 4. Note that the ischemic kidney had increased class I
expression over the control side, but not as high as the positive
control (LPS), which increased MHC systemically. As seen in
figure 5, 60' clamping produced increased class I in all the
animals, although the degree of induction still varied with the

severity of histologic ATN.

The results of immunoperoxidase staining for class I are
shown in plate 7. The increased class I expression was localized
. to the tubular epithelium. Unlike the uniform staining seen with
a systemic agent such as LPS, the increase in ATN was patchy.
The limitations of frozen sections on histologic detail made it
impossible to distinguish whether the stained tubules were those
that were damaged and dilated or those that had remained intact.
Neither class II nor Thyl.2 staining was increased in the day 3

ischemic kidney (data not shown).

ivation i ly I ic ATN

A northern blot probed with 87 microglobulin (class I)
and c-myc is reproduced in plate 8. The upper row shows that
c-myc expression is first detected at 6 hours in the left kidney,
is present in bown kidneys at 12 hours (L>R) and peaks in the
left kidney at 24 hours. By 72 hours, the left is still increased
over the right but both are less than at 24 hours. Figure 6

shows this data quantified by densitometry.
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Figure 4: MHC Expression on Day 3 With
60° Clamping
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Plate 7a Control (right)

Plate 7b Ischemlc (left)

Plate 7: lmmunoperoxtdas stam for class | on day 3
in ischemic and control kidney. Note tubular
staining on ischemic side (25x)
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Plate 8: Northern Blot of early ATN Kidneys.

Upper probe is c-myc, lower is 132 microglobulin
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The 89 microglobulin mRNA was increased in the
ischemic kidney at 24 hours, peaking by 72 hours. This
mirrored the changes at the antigen product level but preceded
it by 48 hours. Figure 6 shows the data quantitatively. Note
that the 2-3 fold increase in the left over the right values was
similar to that found at the product level by RIA. As well, MHC
gene activation was preceded by c-myc activation by 12 to 24

hours.

It is standard practice to probe a northern blot with actin
to ensure that each well of the gel had an equal quantity of RNA.
This is based on the assumption that all cells produce an
equivalent amount of this structural protein. In all the ATN
blots probed however, the lanes from the ischemic kidneys
consistently had higher levels of actin than in the nonischemic
controls. This was true even when more RNA was intentionally
loaded into the control wells. Because of this, the only data that
supports the equivalence of the wells in these northerns is the
ethidium bromide picture of the gel and the optical density

readings performed on the samples before dilution.

Class I Tubular Induction Resolves on Dav_§

As seen in figure 7, the class I tubular induction present
in the ischemic kidney on day 3 resolved by day 5. Class II

began to increase in the day 5 ischemic kidneys but statistical
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significance was not reached. Immunoperoxidase staining

showed minimal differences between the day S kidneys.

Cyclosporine given orally at a dose of 100 mg/kg daily
prevented the tubular increase of class I on day 3 following
surgery in 2 successive experiments. As seen in plate 9, the
histologic changes indicative of cyclosporine renal toxicity (pale
tubular cytoplasm with vacuolization) coexisted with the tubular
necrosis and dilatation of ATN. This shows that the cyclosporine
treatment did not prevent class I induction by preventing ATN.
A representative RIA is shown in figure 8. In this experiment,
LPS served as the positive control while LPS + cyclosporine
served as a biological test of the drug's efficacy. Note that
cyclosporine only partially blocked the LPS effect at the dose
used. The ability of cyclosporine to prevent the ischemic MHC
induction is seen in figure 9 where only 1 of 7 animals showed
greater class I expression in the left kidney as compared to the

right.

Cyclosporine exerted its effect at the mRNA level as seen
on the northern in plate 10. Both right and left kidneys clearly
show decreased transcription of the B microglobulin gene.
Cellular activation was also prevented as evidenced by the

prevention of c-myc expression as well.
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Plate 9: Photomicrograph of ischemic kidney from

mouse receiving Cyclosporine (H+E stain, 25x)

Note vacuolization and cytoplasmic pallor of tubular cells
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Anti-IFN vy antibody given i.p. before, during and after
surgery was able to prevent the tubular class I induction on day
3. As seen in figures 10 and 11, the antibody reduced the MHC
induction produced by LPS and prevented the induction seen in
ATN. While the ischemic kidneys in the ATN+antibody group
did have a class I expression higher than the controls, this was
significant only at the p= 0.10 level. All ischemic kidneys in this
group had ATN on histology and n¢ difference in

immunoperoxidase staining between the sides (data not shown).

Plate 11 shows a northern for 87 microglobulin
performed on day 3 kidneys after ATN with or without
cyclosporine or anti-IFN y . The mRNA was reduced in the

cyclosporine group, while there was still an increase in the

ischemic ATN + anti-IFN 7y kidneys, though not as much as with
ATN alone. The densitometric quantification is presented in

figure 12.

Changes in MHC Expression; 1 Week Tim
Points

When the experiment was extended to include days 7, 14
and 21, MHC products were again increased. As figure 13
shows, the ischemically damaged left kidneys had increased

class I expression from days 7 to 14. In contrast to the day 3
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Plate 12a Note primarilyinterstitial staining
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day 7. Note tamming of interstitial «/- tubular cells
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experiments, class II was increased from 2-4 times in the
ischemic kidney over the control. This increase persisted
beyond day 21 to a small group of day 35 animals. The class II
data for day 14 is shown by animal in figure 14. Of interest is
the observation that the two animals without class Il induction
exhibited a minimal infiltrate in the ischemic kidney. Beyond
that, there was no correlation between histologic features and

degree of MHC induction for either class.

The immunoperoxidase staining for the experiments is
summarized in table 2. As can be seen, the class I staining so
prominently tubular after day 3 was primarily interstitial from
days 7 to 21. The class II staining, first evident on day 7, was
primarily interstitial. In kidneys with a large inflammatory
infiltrate (6/26), the class II stained tubular cells as well (plate
12). No Thyl.2 positive cells were seen until day 7, where a
progressive growth of an inflammatory population began. Of
interest in day 14 to 21 specimens, the interstitial staining for
Thyl.2 was so pervasive that the appearance could not be

distinguished from that of tubular staining (plate 13).

The northerns on kidneys from 1 to 21 days are
reproduced in plate 14. Both By microglobulin and Aa (class II)
mirrored the increases seen in the left kidneys in the RIA's but
again occured about 24-48 hours prior to the antigen expression
(note the large peaks at day 5) (figure 15). c-myc expression

peaked at day 1, slowly decreased until day 7 and was then not
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Day Class |
Tubular Int
1 +/- -
3 +++ +
S +/- +/-
7 + ++
14 - ++
21 - +

Class 1|
Tubulsr Int
- +/-
- +/-
++ +++
+ +++
+/- +++

Thyl.2

Tubular

++

++

++

Table 2: Summary of immunoperoxidase Staining

(Int = Interstitial)
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Plate 13b Day 21  (25x)

SEE e

Piate 13: Immunoperoxidase staining for Thyl.2 on days

14 and 21.
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detectable. c-myc was seen at low levels in the right kidney

only at day 1 (figure 16).
Effect of Cvclosporine on Day 7

The results of an experiment comparing ATN and ATN +
cyclosporine on day 7 are presented in figure 17. The
cyclosporine had no effect on either class I nor class II induction
in the left ischemic kidneys. This was born out at the mRNA
level and with immunoperoxidase staining (data not shown).
This was in contrast to the day 3 class I increase, which was

completely blocked by cyclosporine.

Summary of 60' Clamping Experiments

In order to compare the results from multiple RIA
experiments, the cpm results were divided in each group by the
counts for the control tissue. The resulting combined results are
shown in figure 18. Note that the statistics were non-
parametric for this analysis. For class I, the left kidney became
induced transiently on day 3 and then again from days 7 to 14.
For class II, induction began on day 7 and persisted until day 35
(the lack of statistical significance on day 35 was due to the
small numbers in that group). Table 2 summarizes the

histochemical staining.



800
600 4
AUC ]
400 B Right
| g B Left

200 %

|

P

o pu S, y

Figure 16: Densitometry of c-myc Expression

(AUC = Area under the curve)

64



Class |
1 »
10000 4
8000 -
cpm 1
6000 4 .
4000 <
] % p<0.01
2000 +
1 *¥ pc0.005
1 Hn_ 0N BN N P
Control LPS LPS+Cys ATN ATN+Cys
Group
B Right
Class || B Lert
16000 - .
| %
12000 - ,‘
cpm L
8000 -+
4000 - ¥ p<0.0S
4 | *¥ p<0.005
0 ﬁ' | - b o l‘)‘ ‘
Control LPS LPS+Cys ATN ATN+Cys

Group

65

Figure 17: Effect of Cyclosporine on MHC at

Day 7
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Experiments in Nade Mice

An experiment was done with nude mice (balb/c
background) with 60' clamping at days 3 and 7. Because of an
ongoing technical problem with the antibodies for this strain in
our laboratory, an RIA could not be done by the time of this
publication. The northern however showed a suprising finding.
As seen in plate 15, both class I and class II were increased on
both days 3 and 7. This is quantified in figure 19. There was a

2 to 3 fold increase in both classes on both day 3 and 7.

Immunoperoxidase staining showed that the class I
increase was tubular on day 3 and both tubular and interstitial
on day 7. Class II stained the tubules in 2/4 of the day 3
animals. Surprisingly, the 2 day 3 kidneys that stained for class
II also stained positively for Thy 1.2 on interstitial cells. Class
II was seen in the tubules on day 7 in both the right and left
kidneys, raising the possibility of a systemic infection in this

group.
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While the mouse has seldom been used for studies of
unilateral ATN!34, it appears to be as reliable as the more
commonly studied rat and rabbit models. The primary advantage
of its use is the greater availability of monoclonal antibodies and

molecular probes developed in the mouse.

The advantage of using a unilateral model was the
presence of a normal contralateral kidney. This controlled for
other effects of surgery, systemic release of cytokines and the
natural inter-animal variation in MHC expression commonly seen

in animals not kept in a sterile environment.

The histology shows that 60" warm ischemia does produce
reliable ATN. Interestingly, there was no evidence of vessel
thrombosis, even after 5 weeks, despite the fact that
kepa ‘nization or flushing was not used. Tx ATN is different from
native ATN in that the degree of tubular necrosis is more uniform
rather than focal, and that an inflammatory infiltrate is
prominent2. The fact that this model of "native" ATN behaves
more like Tx ATN probably reflects the common etiology of
complete cessation of blood flow to the kidney. In ischemic native
ATN from profound shock, there is still some degree of perfusion

and oxygenation, which explains why animal shock models of ATN



are so difficult to produce. The main limitation of this model in its
extrapolation to the allograft setting is the nature of the
inflammatory cells: isogenic in this model and allogenic in

transplants.

The finding that MHC expression is equal in both kidneys
for normal animals, for those undergoing a laparotomy and for
those with 15' of renal pedicle clamping is not unexpected, but
new in the literature. It serves as the principal control to ensure
that changes from the ATN were not due to another variable in
the operation, in particular, vascular damage by the clamp with
subsequent thrombosis. This was further supported by the
finding that lesser degrees of ATN as assessed histologically
correlated with a lower degree of class I induction in the day 3

animals.

I n in 11 Activation

Histologic evidence of ischemic damage was first seen 6
hours after reperfusion, increased at 18 hours, and peaked from
24 to 72 hours. The cellular proto-oncogene c-myc had minimal
expression at 6 hours, increased at 12 hours and peaked at 24
hours. While the exact function of c-myc is unknown, it produces
a protein that binds to DNA in the nucleus and influences gene

transcription19-121 While c-myc induction has been reported in
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other forms of ischemic injury!26, this is the first report of its
increase in ischemic ATN. The low level of c-myc expression seen
in the control kidney at 12 hours may have been in response to a
growth factor signal released when the damaged kidney became

temporarily nonfunctional.

Whatever the role of c-myc in cell activation and repair, it
cannot be used as a pure measure of ATN. Cyclosporine blocked
the expression of the proto-oncogene but did not affect the degree
or recovery of ATN as seen histologically. Either the c-myc
product is not associated with cellular activation and repair in an

ischemic kidney or else the process can occur in its absence.

Increased Class I on Tubular Epithelium_on Day 3

MHC class I antigen expression was increased transiently
but consistently on tubular epithelial cells 3 days following
surgery. This occurred in the absence of a demonstrable infiltrate
or changes in class II expression. This increase was blocked
completely by cyclosporine and decreased to non-statistical
significance by anti-IFN vy antibody. IFN 7y is the most potent
inducer of MHC antigens in vivo but usually increases the
expression of both class I and II together’7-82:87. The lack of class
II expression in this apparently IFN y dependent response could
be explained in 2 ways. First, IFN y appears to affect class I
preferentially, particularly at low doses (unpublished

observation). The low levels of cytokine produced locally in the
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ischemic kidney may have been insufficient to induce detectable
class II antigen (although there was a small increase in class II
mRNA). Second, there may have been a second cytokine which
prevented the class II increase. The type I interferons (o/B) are
known to increase class I but decrease class II when present in
combination with IFN v 87, Their release could explain why class
Il was unaffected but class I still partially increased when IFN ¥y
was blocked. Certainly, most cytokines are released in groups or
. "cassettes” in vivo, so the presence of other mediators of MHC

unmeasured in these experiments would not be unexpected.

The ability of cyclosporine to block the class I tubular
increase may have been through its ability to prevent IFN vy
release by blocking IL-2 productionl44, Other mechanisms may
be involved however, as cyclosporine has effects independent of
cytokines (as evidenced by its toxicity at high doses)8%:90. Of
particular interest is the recent finding that cyclophilin, the
cyclosporine binding protein in the cell, is identical to an enzyme
which catalyzes the cis-trans folding of certain proteins?1:92,
Thus, cyclosporine may block other important metabolic pathways

which could influence MHC regulation.

The fact that this mechanism is cytokine dependent raises
the question of their origin. In allograft rejection, infiltrating T
cells are the primary source of IFN y. They would be an unlikely
source in our model because of the absence of a gross infiltrate or

any Thy 1.2 positive cells at the day 3 time point. Furthermore,
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the class I increase was intensified in the nude mice, which are
supposed to be devoid of alloreactive T cells. One possible source
could be the marrow derived cells occurring naturally in the
interstitium, the so called dendritic cells. Indirect evidence for
their activation is seen histologically, with interstitial proliferation
in the absence of an infiltrate seen from days 5 to 7. Another
source could be natural killer cells which are known to secrete
IFN v . Their presence in large numbers in athymic mice could
explain both the increased MHC expression and the Thyl.2
staining seen in the nudes, as a population of Thyl.2 positive

natural killer cells has been characterized!43.146

Incr xpression on _Dav 7 and Bevond

Seven days after surgery, the tubular obstruction was
resolving, fewer dead tubular cells were seen and inflammatory
cells accumulated in the interstitium. This interstitial
inflammation is a feature of both experimental and human ATNI!2-
15, Class I antigen expression peaked a second time on day 7 and
was primarily interstitial. Class II expression, both interstitial
and tubular, was first seen on day 7 and persisted up tc day 35.
The class II increase was associated with the presence of Thyl.2
positive cells in the interstitium. Again, changes in antigen
product were mirrored and preceded by changes in mRNA.
Unlike the MHC induction on day 3, the day 7 increase was

unaffected by cyclosporine (because of this, anti-IFN y was not

tried).
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One explanation for these findings is that the increased
MHC expression quantified in the kidney as a whole is simply
reflecting the change in cellular population, namely the class I and
II positive inflammatory cells. While this could explain the
interstitial class I increase, and its resistence to cyclosporine,
there was a definite tubular class II expression seen in some of
the specimens. Either this tubular induction was caused by a
cytokine not blocked by cyclosporine (such as tumour necrosis
factor87), or the class I gene was expressed as part of the

reparative response to ischemia.
v rgnspl T nd_ Rejection

The increase of MHC products in ischemic ATN may help
explain a well described but poorly understood clinical
phenomenon. Since 1973, it has been reported-that transplant
ATN (as diagnosed clinically by initial nonfunction and/or the
need for post-transplant dialysis) is associated with a higher
incidence of ultimate graft loss by rejection!?. As summarized in
the literature review, large multi-centre studies have consistently

found this relationship!9:25-27.36

The finding of increased MHC expression in this
experimental model suggests a possible mechanism for the
detrimental effects of transplant ATN. First, the early increased

tubular class 1 expression could increase the response of CD8*
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cytotoxic T cells63-65, thereby hastening allograft destruction. It
also suggests a mechanism for the combined ATN and early acute
rejection pattern sometimes seen in cases of primary graft
nonfunction. Second, the increased class II expression, especially
of tubular cells seen at 1 week in the model, could increase the
response of CD4* helper T cells, thereby activating the cascade of
immunological rejection®. Finally, the accumulation of the
interstitial infiltrate seen in pure ATN suggests the presence of a
local signal which attracts inflammatory cells. If this signal also
exists in transplant ATN (above and beyond the allograft
response), it could hasten the immunologic response by attracting

more T cells.

Most modern protocols of maintenance immunosuppression
in renal transplantation include cyclosporine32:33.36. The fact that
the early class I induction was blocked by cyclosporine does not
rule it out as a possible mechanism in these patients. The dose
used in the mice (100 mg/kg per day) is that known to block
cytokine production. This was borne out by its ability to block the
MHC induction from LPS. In humans however, it has not yet been
determined whether the tissue concentrations achieved by |
cyclosporine are sufficient to block the effects of cytokines in the
presence of rejection or ischemia. While this is one of the
suggested mechanisms of cyclosporine's immunosuppressive

effect!44, it has yet to be proven clinically.



Suggestions For Further Study

The finding that native ischemic ATN causes increased MHC
expression is new and may help explain the detrimental effects of
clinical Tx ATN. The next step would be to determine whether
this effect is also seen in a vascularized allograft model. The
natural extension of these experiments would be to perform renal
transplantation in the mouse, varying the warm ischemia times,
and comparing MHC expression in the donor kidneys for both
isografts and allografts. While the technology ior mouse renal
transplantation exists, it is notoriously difficult and done only in a
few centres!02, The alternative would be to attempt to reproduce
the unilateral ischemic model in the rat and then perform a rat

renal allograft experiment along similar lines.

An alternate line of investigation could involve the testing
of human renal biopsies, comparing degree of ischemic damage
with MHC expression in cases of both native and transplant ATN.
The use of fine needle aspiration techniques is making routine
post-transplant biopsies safer and in many centres a routine part
of clinical follow up, and could provide a large amount of material

for a prospective study.

It is hoped that a better understanding of the effects of
ischemic damage on the immunogenicity of renal allografts and its
prevention will allow better graft and patient survival for

recipients of these kidneys in the future.
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