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THE PATHOLOGY OF ALLOGRAFT REJECTION has, in recent years,

become important to the general anatomic pathologist because of the
increasing frequency of organ transplants and the increasing success in
overcoming graft rejection. Because of these therapeutic triumphs, ana-
tomic pathologists are often presented with tissue in which the basic
process and textbook picture of graft rejection have been extensively
modified. It is hoped that this review will provide a useful approach to
interpreting anatomic changes in human organ grafts.

Geneal Aspects of Graft Rejection
The work of Medawar and his colleagues in the 1940s" set the stage for

our understanding of the pathology of graft rejection. It was already
generally appreciated that higher animals were able to readily recognize
allografted tissue (with rare exceptions such as the cornea) as foreign and
to react to these tissues. However, until Medawar's classic studies, with
the exception of transplanted tumors,5 there was general confusion
whether or not graft rejection depended on immunologic mechanisms.

Medawar's studies defined several cardinal points of the biology of
transplantation: the first evolved from his demonstration of "second set"
rejection in which animals rejected the second of two sequentially placed
grafts more rapidly than the first graft. That this form of recognition is
highly specific could be shown by the failure of the animal sensitized by
an initial graft to reject tissue from another animal more rapidly.

Other investigators extended these observations to show that under
appropriate conditions, antibodies against the donor could be demon-
strated in the blood of the recipient.' This indicated that there was some
form of humoral sensitivity involved in graft rejection. A second major
point to emerge from early studies was that sensitization of the host could
be conferred by other tissues from the same individual and even by
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injections of leukocvtes.9 Thus, the concept evolved that the major anti-
gens responsible for rejection are characteristic of the individual and not
of a specific tissue or organ. These alloantigens have been named histo-
compatibility antigens, and the major histocompatibility svstem in man
has been assigned the designation HLA.

Histocompatibility antigens of the HLA system have been extensively
studied and characterized biologically, largelv by making use of the fact
that these antigens may induce circulating antibodies in individuals who
do not carrv the antigen. It has been possible to partially define the HLA
locus in man by serologic techniques such as lymphocytotoxicity and
leukoagglutination. Antisera used for this purpose are derived for the most
part from multiparous women who have been stimulated by repeated
exposure to patemal antigens carried by fetal cells.'Fl2
A considerable amount of information regarding the mode of inher-

itance and biologic significance of the HLA system has been derived from
additional data obtained in genetic studies of large family groups and
from skin grafts exchanged among members of such groups. The HLA
genetic region is a complex, highly polymorphic chromosomal locus,
initially thought to consist of two subloci, first called LA and FOUR, and
now known as A and B. According to the two sublocus hypothesis, each of
the subloci carries one of a series of mutually exclusive alleles that controls
the production of a single HLA antigen. Therefore, each parent contrib-
uting a single chromosome has the potential of transmitting only two HLA
alleles to his offspring. As a consequence, and because of codominance,
every individual can have no more than four HLA antigens. This idea has
been modified somewhat, since (as will be mentioned later), it is no-
known that there are, in fact, four closely linked HLA loci and not two
subloci. The general principle, however, that one-half of an individual's
genotvpe or haplotvpe with respect to HLA is inherited from one parent
still holds true. An important consequence of this mode of inheritance is
that a person is by definition HLA semiidentical with each parent, and
therefore has a one in two chance of being semiidentical with a sibling and
a one in four chance of being identical with that sibling. The significance
of this is underlined when it is realized that there are now at least 47 HLA
antigens recognized at the first t-wo loci alone.'3'14 Thus the chance of
finding an HLA-identical individual in the general population is very
small. Computerized techniques among cooperating centers comparing a
given donor to a large selection of potential recipients have greatly
increased the chances of locating a donor with a perfect match or a
mismatch for only one HLA antigen 15 in either the A or B loci.
At this time, the histocompatibility antigens have been only partially
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purified and characterized chemically." The antigens appear to be poly-
peptides of moderately large molecular weight (48,000 daltons), with a
small carbohydrate moiety. They can be split on exposure to acid or other
dissociating agents into two fragments. The larger, about 33,000 daltons,
appears to be different for each antigen and carries the antigenic specific-
itv. The smaller, at 11,000 daltons, has been shown to be similar to and
probablv identical to ,-2-microglobulin, first identified as a protein in
urine and since shown to be widely distributed on cell surfaces of lym-
phocytes and many cells of mesenchymal and epithelial origin. ,B-2-
Microglobulin is constant in structure among all HLA antigens and is
strikinglv similar to the constant regions of immunoglobulins.17 HLA
antigens are confined to cell surfaces, both endothelial and epithelial, and
it is known that they are absent from glomerular basement membranes.
There is some suggestion that, although HLA antigens are expressed on
both lymphocytes and kidney cells, there may be quantitative differences
in their expression on the two cell types, so that on occasion antigens not
detected on the lymphocytes used in typing may be subsequently found
on cultures of transplanted kidney cells.
The HLA svstem has turned out to be much more complex than the

two sublocus hypothesis originally proposed.14 It is now realized that there
are a series of serologically defined (SD) HLA antigens which are under
the control of a third locus. This locus, labeled C, is very close to but not
identical with the second or B locus. The five antigens controlled by alleles
in this region are more difficult to define than other serologically defined
HLA antigens due to a lack of monospecific antisera, and their clinical
relevance in terms of transplantation has not yet been fully ascertained.

In addition to three loci controlling the production of serologically
demonstrate antigens, there is a fourth HLA locus, called D. Antigens
determined bv alleles found at this HLA locus cannot be recognized bv
routine serologic tests and depend on mixed lymphocyte culture (MLC)
for their recognition. The MLC reaction is based on the principal fact that
blast transformation and mitosis occur when genetically dissimilar lym-
phocytes are cultured together. The reactions are evaluated by measuring
the uptake of tritiated thymidine by the cells in culture as an index of
DNA synthesis. Thus far, six alleles have been recognized at this locus,
which seems to be very near the B locus.
The HLA gene complex has been shown to be situated on chromosome

6, and the order of loci according to their genetic distance away from the
contromere appears to be D-B-C-A. The genetic distance between the loci
is not great, so that the alleles appear to be closely linked. However, cross-
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over and genetic recombination does occur. As might be expected, this is
most frequent between B and A and much less frequent between B and C
and B and D.

Besides histocompatibility antigens, there are other genes near the HL-
A complex controlling the synthesis of properdin factor (Bf) and perhaps
other complement factors as well.

In the mouse, the H-2 locus, which thus far seems completelv analo-
gous to the HLA locus in man, has been identified and extensively
characterized in genetic and immunologic terms. In addition to SD and
LD histocompatibility antigens similar to those in man, there is a series of
genes governing immune responses, the so-called Ir genes. These genes
determine whether or not there will be an antibody response to a given
series of antigens and the magnitude of that response. It seems likely that
these genes are identical to those which determine the degree of suscepti-
bilitv to various oncogenic viruses. Such genes have not yet been identi-
fied in man, but the analogy between the H-2 and HLA systems has been
so perfect to date that it seems quite likely that thev will be. And, indeed,
in primates other than man, there is evidence that these genes exist at a
locus analogous to the D locus."8

Ir genes, if demonstrated in man, may be found to be partlv, or perhaps
entirely, responsible for two very interesting and important clinical phe-
nomena. The first of these is the association of various HLA phenotypes
with given disease entities, as for example the association between HLA-
B27 and ankylosing spondylitis, w.here 90% of patients carry the B27
allele compared to only 8% of controls, or the association of the two
antigens DW2 and B7 with multiple sclerosis. It is suggested that these
HLA antigens and certain immune response genes are in strong linkage
disequilibrium. (Linkage disequilibrium is the tendency for alleles at
closelv linked loci to be transmitted together rather than segregating
randomly.) According to this theorv, these immune response alleles would
then be the actual factor responsible for determining susceptibility to
these diseases, the HLA antigen simply serving as a marker for the likelv
presence of the responsible immune response allele.
A second phenomenon which may be explained bv immune response

genes is the well-documented clinical observation that some patients who
have had multiple pregnancies and/or transfusions have failed to make
antibodies against the histocompatibility antigens to which thev have
been exposed, whereas others have responded with vigorous antibody
production. These groups have been labeled nonresponders and respond-
ers, respectivelv, and it has been found that the nonresponders as a group

---
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tolerate transplanted kidnevs substantially better, with longer graft sur-
vival, than the responder group (see discussion of this phenomenon be-
low ).
The degree of correlation between the "tissue match" and the graft

survival has been a matter of intense study.'9 Certainly, identity of trans-
plantation antigens, as in identical twins, is associated with the best results
in terms of graft survival (90 to 100% 1 year). This is especially striking
when compared to results of grafts using cadaver donors (55% 1-year
survival overall) where a match, even for the two major SD loci, is
uncommon. Where a parent serves as donor, the values for graft survival
are intermediate (7'5% with 1-year survival). Among the group of cadaver
donors, wvhere matching is probablv most important, the correlation be-
tween tissue tvping and graft survival is not as good as one might have
hoped. Examination of the data from the European experience (Euro-
transplant and Scandia transplant) in a verv large series reveals a broad
correlation between the match at the A and B loci and survival, the best
results being obtained with grafts having a four-antigen match and the
worst with those completely unmatched.20 The American experience has
not been so favorable, although even here the same broad trends have
been noted.2' An interesting sidelight of analysis of recent transplant
experience by Terasaki'9 is the fact that graft survival among all groups of
transplantees, both living-related and cadaver, has been declining at the
rate of approximately 2% per year since the late 1960s, with an overall
decline among all groups of 15 to 20% in the last decade. The reason for
this is not clear at present. Terasaki feels that it may relate to the fact that
patients are now no longer transfused as frequently in the pretransplant
period as in former years and demonstrates that those patients with six or
more transfusions have had substantially better graft survival than those
with no transfusions. However, it is also probable that the observation is
merelv a statistical artifact resulting from uncontrolled data and errors in
the massive input.

It is verv tempting to relate this observation to the clinical observation
that a second renal graft may have an enhanced survival in some patients
wvith humoral immunitv directed against the histocompatibility antigens,
leading some workers to suggest that these antibodies enhance graft
survival.' -23

However, there are multiple other factors wvhich might explain the
overall decline in graft survival, perhaps most importantly the fact that
nowadays a broader range of patients, both younger and older and often
in more serious condition, is undergoing transplantation than in the 1960s.

Another aspect of histocompatibility matching which has received no-
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tice in recent years is the suggestion in some studies that certain antigens
at the B locus are stronger and more important in determining rejection
than those at the A locus. This contention has been contested by other
authors. However, there is no absolute certainty that the association with
pooor graft survival is concerned directly with these supposedly "strong"
antigens or with known alleles at the C or D locus in strong linkage
disequilibrium with the recognized antigens of the B locus. The possibility
remains that there are still other antigens, as yet unrecognized, controlled
by the HLA region and in strong genetic disequilibrium with the recog-
nized alleles. These unknown antigens could in fact be the true trans-
plantation antigens. Therefore, HLA though acting as a genetic marker,
is not the total answer.
The D locus is known to be responsible for significant histocompatibil-

ity differences. Preliminary studies have been presented showing a corre-
lation between the results of MLC studies and graft survival,24 but there
are no large-scale studies currently available that systematically evaluate
the relative contribution of incompatibilities at the D as well as the C
locus to graft survival in the same manner that information is available for
antigens at the A and B loci.

In addition to the four loci described above, there is another locus
which may also be in the vicinity of the HLA complex, responsible for a
whole new series of alloantigens that, unlike the widelv distributed HLA
antigens, appear to be confined largely to the B lymphocytes. Antisera to
these B-cell alloantigens strongly inhibit the MLC reaction, possibly by
blocking receptors on the stimulating cells. It is thought that these anti-
bodies may represent the classic "enhancing" antibodies recognized in
various tumor systems. Because of certain analogies between these anti-
gens and similar ones found in the Ir complex of the mouse, it has been
speculated that B cell antigens may have an even more significant role in
graft compatibilitv than the recognized antigens of the HLA svstem. This
point will certainlv be the subject of a great deal of studv in the next few
vears.

Although HLA antigens represent the system of greatest concem in
man, it is important to recognized that other antigens may also determine
the fate of an organ allograft.11'9'* For example, the donor and recipient
must be matched with regard to their major blood group antigens. The
antigens of the ABO blood group system are present not only on eryth-
rocytes, but also in tissues. What is more, as will be pointed out later, the
humoral antibody directed against A, B, and H antigens, which is univer-
sally present, can cause immediate hyperacute rejection. Thus the ABO
barrier cannot be transgressed, and the antigens, because of their extreme
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importance in graft rejection, have been labeled bv some as the strongest
human transplantation antigens.

Graft rejection depends, as outlined above, upon host recognition of the
grafted tissue as foreign. The host becomes sensitized to these foreign
antigens either locallv at the site of the graft or by transport of appropriate
antigens to the host's lymphoid tissues.2"--'"Passenger leukocytes," donor
leukocvtes lodged in the interstitium and small vessels which leave the
graft after transplantation and enter the host's circulation, may account
for the latter form of sensitization.''3 Or small patches of antigen-bearing
material such as cellular fragments may be phagocytized by host macro-
phages, and the antigenic information transported to lymph nodes in this
fashion.

It is now generally appreciated that the efferent or effector aspect of
graft rejection has both cellular and humoral components.25 Early work
had concentrated primarily on the cellular mechanisms of graft rejection,
and initially there was skepticism that humoral immunity played any role
in allograft rejection. The initial reports of Medawar 1-4 pointed to the
intense inflammatorv infiltration of lvmphocvtes as representing the fun-
damental immune response generated by the host towards the graft.
Because of the nature of the cells involved in this immune response and
their localization about small vascular channels, it was believed that graft
rejection represented a form of cellular immunity similar to delayed
hypersensitivity. It was noted that these inflammatory cells appear before
there is readily demonstrable tissue damage, suggesting that these lym-
phocvtes are the cause of tissue damage rather than a response to it. As
might be anticipated, such cellular infiltrates are limited or absent in
grafts whose survival has been prolonged by drug-induced suppression of
the host's immune response. Further support for the thesis that cellular
immunity accounts for graft rejection was given by the early failures to
transfer sensitivitv to grafted tissues to normal animals with serum in the
face of the ease with which this sensitivity could be transferred to normal
animals with lvmphoid cells.3'--"

It has since been shown that a portion of the lymphocytes in the graft
are from clones of immunologically committed cells which have devel-
oped in regional nodes and the spleen in specific response to the antigen
stimulus.'3," Other unsensitized lymphocytes appear in the graft by
poorly understood mechanisms; some of these lymphocytes may sub-
sequently have sensitization conferred upon them. The sensitized lym-
phocytes release a variety of substance upon contact with graft antigens
and one of these, migration inhibition factor (MIF), may be partially
responsible for the accumulation of macrophages within the graft.4' In
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addition, some lymphocytes mav be stimulated to proliferate directly by
passenger leukoevtes, a situation analogous to the mixed lymphocyte
culture performed in vitro.

Most of the cells which gather early in the graft are thvmus-derived (T)
lymphocytes. The lvmphocvtes obstruct capillary lumens of the graft and
are capable, in a manner which is not yet clear, of damaging the endothe-
lium, leading even to disruption of the capillarv wall with leakage of cells
and fluid into the interstitium.4" As alluded to above, the interstitial and
peritubular accumulations of lymphocytes which appear are the clinical
reflections of cell-mediated immunitv.

Although it remains likelv that cellular immunitv is the prime mecha-
nism by which grafts are rejected, it is now generally agreed that humoral
immunity also plays an important role in allograft injury.25 Evidence in
support of this view came very early from the observation that grafts
between disparate species of animals (xenografts) were lost more rapidly
than would be expected with allografts. Secondly, it was known that a
second allograft, using the same donor-recipient pair, was lost more
rapidly than was the first graft. These accelerated graft rejections often
showed a pale or white appearance (hence "white graft"), a finding which
resulted from damage to blood vessels. In both the xenografts and white
grafts it could be shown that antibodies to donor tissues were plentiful and
appeared to play an important role in graft rejection.

Since both of these conditions were unusual, it was persistently main-
tained that humoral immunitv was insignificant in ordinary allograft
rejection. However, in recent years, other evidence has accumulated
supporting the active participation of humoral immunitv in rejection of
allografts.84"" Several observations are important in this regard; the first
is the relative prominence of plasma cells in the inflammatory infiltrate in
rejecting grafts, particularlv with the passage of time, as compared with
their paucity in the infiltrates seen in classic delaved hypersensitivitv
reactions. A second piece of evidence supporting the role of antibodies in
allograft rejection comes from the observation that vascular changes are
common in manv renal allografts."--50 First to be appreciated were the
thickened vascular walls in long-standing renal allografts, but it was soon
found that acute vascular alterations were frequent in experimental graft
rejection as well as in human renal allografts undergoing acute rejection.
It was then only a short step to demonstrating that circulating antibodies
participated in these acute vascular injuries. Although it is uncertain
whether the vascular injurv comes about as a result of direct an-
tigen-antibodv interaction or through immune complex formation and
deposition, it is clear that complement is involved in the initial injurv. It
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has now been shown that there is antibody production in regional lymph
nodes as earlv as 48 hours after transplantation.35 It has also been shown
that humoral antibodies in vitro are capable of killing renal allograft
cells.5'` A final observation supporting a role for humoral immunity in
graft rejection is that multiparous women, because of their extensive
opportunities to respond with humoral immunity to histocompatibility
antigens, are more apt to reject a renal allograft than are otherwise
comparable graft recipients."-'

Pathologic Changes i Renal Autografts and Isogafts
The transplant specimen the pathologist is most frequently asked to

evaluate is a biopsv of renal allograft that has been removed from
1 hour to several v-ears posttransplant in a recipient receiving variable
amounts of steroid and immunosuppressive medication. The kidney may
have come either from a living related donor, most often a parent or
sibling, or from a cadaver donor. The basic question the pathologist is
asked is: "How severe is graft rejection here?", or put another way:
"What is the balance between rejection phenomena, infection, and the
effects of therapy?"

In order to evaluate these questions, it is first necessary to dissect away
those alterations attributable simply to surgical trauma from those due to
immunologic graft rejection. Second, it is necessary to have some appre-
ciation for the type, severity, and time-course of lesions in rejection of
grafts ummodified by any immunosuppressive therapy in order to evalu-
ate the extent to wThich therapy has altered graft rejection of the biopsied
tissue.

Having looked at these issues, we will turn our attention to examination
of the changes in renal allografts in recipients under immunosuppressive
therapy.

In evaluating posttransplant biopsies, particularlv those from recently
transplanted kidneys, it is important to remember that, in addition to
rejection, certain nonimmunologic factors related simply to procedures
necessarv for translocation of the kidnev mav themselves contribute to the
structural alterations seen. Both mechanical factors (e.g., interruption of
lvmphatics and nerves) and anoxia from temporary interruption of blood
flow can lead to significant changes in both renal structure and function.
The two models which appear to be most useful in analyzing these

factors are instances where the kidney is removed temporarily and re-
placed in either the same site or an alternate site (autografts) and grafts
between identical twins (isografts).59'w The immediate changes seen in
these renal grafts are similar and reversible, so that little, if anv, residual
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evidence of injury is seen on rebiopsy several months later. The principal
morphologic changes are mild degrees of renal tubular necrosis and
lvmphocvtic infiltrates, both of which are protably consequences of tran-
sient anoxia. It is also common to find some degree of renal edema as a
result of interruption of renal lvmphatic vessels. Clinicallv, there is usually
a transient diminution in urine output and variable proteinuria, both of
which correct themselves in a few weeks.

In the case of transplants between identical twins, if the original disease
was nonimmunologic, i.e., nonglomerulonephritic, in nature the recipient
usually can manage verv nicelv without immunosuppression. If, on the
other hand, the initial disease was glomerulonephritis, a large proportion
( 1 of 19 in one series ) 61 mav develop recurrence of glomerulonephritis in
the graft if immunosuppressive therapy is not given. In addition to those
changes resulting from tissue anoxia, other alterations, sometimes of a
severe nature, may be associated with perfusion of the kidnev prior to
transplantation. Both perfusion damage and the recurrence of glomerulo-
nephritis will be discussed later.

Pathoog of Renal Alograft Rcion in Nonsensifized, Nonknmunosuppressed
Recs
There are few instances of renal allografts in strictly nonimmu-

nosuppressed recipients since, in most instances, renal transplantation is
done in recipients with uremia. It has been w%ell established that uremia is,
in itself, immunosuppressive and that this is especially dramatic as it
relates to cellular immune functions. However, by combining the results
achieved in such human transplants with the observations made in un-
treated animals (largely dogs), it is possible to arrive at a general picture of
the morphologic events in unmodified rejection of renal allografts.

In canine allografts, striking renal enlargment (three times normal size)
caused by edema and inflammation becomes obvious within several days
after transplantation."-" Bv light microscopy the earliest alterations are
within small blood vessels where lymphocytes can be identified adhering
to the endothelium of peritubular capillaries.'7 The bulk of these early-
appearing small lymphocytes are thought to be T lvmphocytes. They
show considerable interaction with the endothelium, the exact nature of
which is not understood.5" The affected endothelial cells max develop
cvtoplasmic basophilia due to increased numbers of polvribosomes and
rough endoplasmic reticulum, and display occasional mitoses. Some of the
endothelial cells swell and rupture, together with their underlying base-
ment membranes, with leakage of fluid and cells into the interstitium."
Other lvmphocvtes pass directlv through the endothelium into the inter-
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stitium. The exudation of cells and fluid produced in this manner may so
compromise renal blood flow that necrosis of renal tubules results, leading
to oliguria. Although small lymphocytes comprise the bulk of the in-
flammatorv cells seen earliest in the tissues, it is not long until these cells
are joined by medium-sized lvmphocvtes and plasma cells, presumably
originating from the B-lymphocyte series. Although neither vascular nor
glomerular lesions are detected with ease in these kidneys, immunoglobu-
lins mav be found in arterial walls as earlv as 2 davs after the onset of graft
rejection.S Bv 15 davs there is vivid staining on immunofluorescence of
the medium-sized lymphocytes and plasma cells in the interstitium, pri-
marilv for IgG. Terminallv, these kidneys may show extensive thrombosis
of interlobular arteries and afferent arterioles, with resulting hemorrhage
and infarction. Only at this final stage of graft rejections are significant
numbers of granulocytes present.

As implied above, there are no entirely satisfactory studies of organ
graft rejection in unmodified human recipients." The best that can be
offered for comparison are patients in whom uremia with or without small
amounts of steroids served to suppress a portion of the host's immune
response." In these cases, the cellular infiltrate was similar to that de-
scribed above in canine renal allografts, but the tempo of rejection in
these patients was delayed, and vascular lesions were more prominent
than might have been expected from the experiments using unmodified
canine recipients.

Pathlg of Renal Allogafts in Sensitized Reiens
Having examined, on the one hand, renal autografts and isografts

where rejection does not occur and the course of unmodified graft rejec-
tion on the other, we can now look at the changes in renal allografts in
recipients under immunosuppressive therapy. These, of course, constitute
the overwhelming majority of transplant recipients, As described above,
presensitization may derive from a number of sources other than the
prospective donor. It may occur because of pregnancy, prior transfusion,
prior infections (particularly streptococcal), and exposure to a variety of
antigens, most prominent among which are the ABH and HL-A antigen
groups. The tempo of graft rejection will, in general, be a function of the
degree of host. sensitization and the magnitude of mismatch bet-ween
recipient and donor.

In considering graft rejection in these patients, it is important to dis-
criminate between alterations of acute graft rejection and more chronic
changes in the organ grafts. In addition, certain highly sensitized patients
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form a separate category which can only be regarded as instances of
hyperacute graft rejection.

It should be emphasized that, although most acute rejection crises
occur in the first 2 months or so after transplantation, clear-cut episodes of
acute rejection, both clinicallv and morphologically, can develop months
and even vears after transplantation. Therefore, the pathologic classifica-
tion into hvperacute, acute, or chronic rejection is not based specifically
upon the duration of the transplant but upon the nature of the in-
flammatory lesions seen on biopsy.

Aute Rection

As was suggested earlier, acute graft rejection is a combined process in
which both cellular and humoral tissue injury play important
parts.'547'49'" Interstitial edema may appear quite early, before significant
cellular infiltration. Its effect in compromising and slowing the renal
circulation has been proposed by some as part of the reason for the
suppression of renal function seen in acute graft rejection. As is the case in
unmodified recipients, the earliest cellular infiltrates are small lym-
phocvtes among which medium-sized lymphocytes and plasma cells soon
appear, together with occasional basophils. These latter cells may be
responsible for liberating vasoactive substances both directly and through
the mediation of platelet-activating factors (PAF). It must be emphasized
that, contrary to what its name might suggest in terms of the concepts of
general pathology, acute rejection is not marked by anv significant num-
ber of granulocytes. For the most part, the cellular exudates appear about
renal tubules (Figure 1). As in rejection in unmodified graft recipients,
there mav be extensive disruption of peritubular capillaries with inter-
stitial edema and interference with renal blood flow. Even in the absence
of rupture of the capillaries, there may be necrosis of the endothelium
with or without associated capillary thrombosis. Lymphocytes may be
seen invading the tubular lumens. The damaged tubular epithelium
shows some regenerative activitv with mitoses in the face of degeneration
and necrosis, but should rejection not be checked, tubular atrophy is
inevitable. The renal glomeruli are usually spared in this acute process,
but on occasion there mav be a mild proliferative glomerulitis, with
prominence of the glomerular mesangial and epithelial cells. There may
be an infiltration of the glomeruli by mononuclear cells originating from
the blood and masses of fibrin and platelets may also be seen on occa-
sion.'7 Isolated endothelial and mesangial necrosis may be encountered.
Typicallv, the mononuclear cellular exudate, felt to represent cell-me-
diated injurv, dominates the changes seen in these patients.
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Necrosis of arterial vessels is v-ariable in these cases. In some. onl-
isolated smooth muscles displax- e-idence of necrosis. In others, exam-
ination will often disclose evidence of vascular injurv. Vascular endothe-
lial cells ma- shoxv varying combinations of lysis. fibrinoid necrosis. and
hx-perplasia. Accumulations of fibrin and lipid appear in macrophages in
the subintimal regions of these blood x-essels. There max- be sharplx-
circumscribed dissolution of the internal elastic lamina w-ith fibrinoid
necrosis in the underly-ing media. This necrosis may be marked onlx- bx-
loss of smooth muscle nuclei, wvith eosinophilic smudging of the cyto-
plasm. particularly- in the earlier stages. Later. neutrophils may be
prominent in and about the vessel wall, and thrombosis is common in such
x essels. Lesions are commonest in afferent arterioles, and may occasion-
ally- be seen in glomeruli and capillaries but only rarely in larger xessels.
Immunofluorescence wvill disclose deposits of immunoglobulins and com-
plement in such v-essels, confirming the humoral nature of the insult.
Electron microscopic examinations of acute graft rejection are of xalue
only in confirming the disruption of peritubular capillaries, recognition of
isolated smooth muscle cell necrosis. and the heterogeneitx- of the cellular
infiltrate.

Chronic Rejection

Since most of these instances of acute graft rejection are modified bx-
appropriate antirejection therapy. it is not uncommon to find more
chronic changes in renal allografts.25.47 49"64 In going from acute to chronic.
the balance shifts from a picture w-here interstitial cellular infiltrates
predominate to one in xvhich vascular lesions are the dominant feature.
The cellular infiltrates persist in a peritubular location but are typically
rather sparse. They- are composed of an admixture of lymphocytes, his-
tiocytes. and plasma cells. There is low-grade. slowlx- advancing damage
to tubular epithelium and basement membranes, evidenced by Ix-m-
phocv-tes in the tubular cells and tubular lumens. This results in progres-
sive interstitial fibrosis xwith obliteration of much of the peritubular ca-
pillary bed.

Arterial and arteriolar narroxxing are the most striking lesions morpho-
logically and exentuallx- the most significant functionally- (Figure 2). De-
pending on the stage of development and the level of rejection activity-
the x-essels may present a X ariety of appearances from simple hyperplasia
of intimal cells, as marked by nuclear prominence Xwith some cytoplasmic
basophilia. to frank proliferation wvith thickening. often massive, of the
intima and reduplication of the elastica. In more recent or active lesions
the thickened intima may be quite cellular. By electron microscopy. the
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intima in such situations is seen to be composed of collagen fibrils and
mn-ointimal and smooth muscle cells. together xwith varying amounts of
amorphous granular material. This intimal thickening arises as the result of
repeated deposition of fibrin and platelet aggregates x-hich become cox-
ered bv endothelium and incorporated into the intima. This material
breaks do'wn and there is ingro'wth of smooth muscle elements and of
fibroblasts w-ith collagen deposition (Figure :3). If sufficiently abundant.
the smooth muscle not infrequently arranges itself circumferentiallv
about the noxw greatly compromised -ascular lumen to form a second
media. WThere the rejection process is more active. occasional mono-
nticlear inflammatorv cells mav be found in the thickened intima. and
lipid and lipid-laden macrophages (Figure 2) may be prominent. When
vet more active. mononuclear cells and even granulocytes may be found
in the media and adventitia as w-ell. \vith development of franki arteritis.
Disruption of the elastica may be seen as part of an arteritic lesion or may
represent the residue of fibrinoid necrosis (more typically a part of acute
rejection). Vessels with intimal thickening usually show- intimal staining
for fibrin 46.50-6 on immunofluorescence. In the smaller xessels. partic-
ularlv. there may be staining of the entire w all in a through-and-through
manner for complement and IgNI. less frequently for IgG. The presence
of immunoglobulins and or complement in these vessels during the first 2
months after graft rejection often portends a poor prognosis for the
survival of the kidney. An acute arteritis max sometimes be superimposed
on the chronic lesions. This is most readily seen in nephrectom!- speci-
mens. particularly in those patients xwhere immunosuppression has been
discontinued prior to excision of the graft.

Glomeruli in chronic graft rejection shoxw no constant pattern of injury.
They may be entirely normal in appearance. but the most common
appearance is one of mild shrinkage of the glomerular tufts xwith variable
thickening of the w alls of the glomerular capillaries. Xwith or w ithout focal
segmental increases in mesangial cells and glomerular matrix (Figure 2).
The picture is very much that of early ischemic atrophy. and certainly
ischemia must play a role in the pathogenesis of glomerular damage.
especially in those cases with substantial arterial and arteriolar lesions.
However. not typical of ischemia is the finding of extensive widening of
the subendothelial spaces by deposits of amorphous. relatively electron-
lucent material. believed to represent. in part. degradation products of
fibrin. Immunofluorescence usually reveals an irregular. finely granular
capillary and mesangial staining for IgNI and C3: occasionally. IgG xill
stain the capillary loops in a continuous linear fashion. In the glomerulus
there appears to be little correlation between the presence of deposits and
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prognosis. The lesions appear generallv indolent and mav persist for long
periods, even vears, with little or no abnormalitv of renal function attrib-
utable to them. Eventuallv, with advancing arterial and arteriolar lesions,
the glomeruli will become atrophic and sclerotic.
Some patients, however, will display a frank proliferative glomerulitis,

with prominent mesangial proliferation and endothelial swelling with
variable degrees of secondary epithelial response, even including crescent
formation in the more florid cases.4 8 Such a glomerulitis can usually be
distinguished from a recurrent glomerulonephritis in that, although there
may be substantial increase in mesangial tissues, even with circum-
ferential subendothelial extensions, deposits are seldom present in signifi-
cant numbers (vide infra).
The deposition of immunoglobulins and complement in vascular walls

and glomeruli suggest that both the vascular lesions and those glomerular
lesions not attributable to ischemia may be mediated in part bv humoral
antibodies with complement fixation and secondary activation of the
clotting mechanism. The latter is evidenced directly bv the increases in
fibrin split products seen during clinical rejection episodes. The specificity
of the antibodies deposited in glomeruli remains to be defined. They
probably include antibodies directed, at least in part, against the histo-
compatibility antigens of the graft; but they may also include antibodies
directed against bacteria and viruses, against antigens released from the
renal parenchvma (analogous to the situation in so-called Hevmann neph-
ritis where the tubular brush border serves as the inciting antigen), and
against horse antilvmphocvte globulin when this is administered as part of
the immunosuppressive regimen. Two observations, however, indicate
that the possibilitv must remain open that, in addition to humoral immun-
itv, cellular immunity may plav a role in the vascular lesions and, by
extension, in the glomerular lesions. The first observation is the sometimes
verv striking vascular and perivascular mononuclear infiltration, and the
second is the fact that one may see cases in which vascular and glomerular
lesions are quite extensive but immunofluorescence studies are totally
negative.

In summarv: The most significant lesion of chronic rejection, both in
morphologic and in functional terms, is the gradual compromise and
obliteration of the vascular bed at the arterial and arteriolar levels as well
as at the glomerular and peritubular capillary levels. These vascular
lesions, along with the rather indolent-appearing chronic inflammation,
account for progressively worsening renal function reflected in replace-
ment by fibrous tissue of destroyed renal parenchyma.

These special examples of graft rejection reflect the generalized re-
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sponse of the host to foreign antigens. Although our interest is most
appropriatelv concentrated on the kidnev transplant, it should be com-
mented that the responses of the reticuloendothelial system to antigens in
this situation are similar to those observed when exposed to any antigen.
In each instance both the lymph nodes regional to the graft and the spleen
become hvperplastic, being populated by large pvroninophilic cells.
These cells are most prominent about splenic arterioles and about post-
capillary venules of lvmph nodes. Observations of changes have been
made svstematically in rabbits receiving skin allografts. The changes in
regional lymph nodes are striking at 4 days after transplantation with
abundant transitional cells and striking germinal centers being evident.
There is continued intensification of this process for the initial 9 days after
grafting. Finally, with complete rejection of graft, the process subsides
but regression of the hyperplastic lymphoid tissues is not complete until
25 days after grafting."

Hyperacute Rection

In the subjects described above, the renal grafts were carried out in
recipients free of circulating antibodies directed against the allografts. But
if antibodies against the donor are present in the host, accelerated graft
rejection may be seen, similar to that in "second set" rejection, discussed
above. For example, when renal grafts have been carried out in situations
where the donor and recipient are mismatched with regard to major blood
groups, it is common to see prompt loss of renal function.Y72 In these
cases, the antibodies of the host react with blood cells in the kidney as well
as with blood group antigens present on the vascular endothelium of the
kidney. The latter reaction leads to formation of intravascular platelet
aggregates with widespread microthromboses and engorgement of the
blood vessels with consequent swelling and discoloration of the kidney.
When such grafts are removed and examined, they are boggy and, on
microscopic examination, display masses of red blood cells, platelet aggre-
gates, and fibrin in the renal vasculature; this was most strikinglv demon-
strated in the renal glomeruli.
Of less obvious cause are those instances in which antibodies are

preformed in the host against donor histocompatibility antigens or other
donor antigens.'4373-76 In these cases the tempo of graft rejection is greatly
accelerated and the term hyperacute rejection can be applied. Emphasis
on the vascular aspects is key to this variant of graft rejection. There is
binding of cvtotoxic antibodies to antigens on the vascular endothelium,
with prompt fixation of complement immediatelv after implantation of
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the kidney. This is evidenced by linear deposition of IgG and C3 in
glomerular and peritubular capillaries. Complement fixation results in
chemotaxis of polvmorphonuclear leukocytes and Ivsis of endothelial cells,
laving bare the underlying basement membrane. This basement mem-
brane then functions as a thrombogenic surface, leading to secondary
vascular thrombosis. Biopsy as earlv as 1 hour posttransplantation reveals
abundant polymorphonuclear leukocvtes clinging to glomerular and peri-
tubular capillary walls; in more severe cases, frank platelet and fibrin
thrombi are seen. In addition, there may be swelling, vacuolization,
and lvsis of the endothelium of afferent arterioles and even of larger
vessels. This process progresses rapidly to thrombosis and fibrinoid necro-
sis, with neutrophils being in evidence both in the vessel w-alls and
in the parenchvma immediately surrounding the vessels.

In manv cases this process of microthrombosis leads shortly to total
cortical necrosis and to loss of the graft. In addition to the acute in-
flammatorv exudate and infarcted tissues, abundant hemorrhages result
from disruption of blood vessels. Graft rejection in cases of xenografts
have an appearance similar to this. In spite of the extensive injuries seen
in hyperacute graft rejection, surprisinglv, kidnevs do not invariably fail
completely. In a number of instances an initial hvperacute rejection in
wvhich minute thrombi in multiple vessels were associated with renal
failure w-as followed by eventual complete recovery of the kidnev. On
rebiopsv, up to a year after the initial episode of hvperacute rejection, no
residual structural injury could be seen in such cases.76

M1ost of the early, examples of hvperacute rejection occurred in situa-
tions where there was a positive cytotoxicity test between donor lym-
phocytes and recipient serum. In one studv of 195 transplants with
negative crossmatches, onlv 8 transplanted kidnevs failed to function
immediately, whereas 24 of 30 kidneys with positive crossmatches failed
to function."7 It was quickly realized that a positive crossmatch was a
contraindication to transplantation and the practice of transplanting in
the face of a positive crossmatch was abandoned in most centers. This
alone should have verx greatly reduced the incidence of hyperacute rejec-
tion, but the clinical and morphologic picture of hvperacute rejection has
continued to be all too common. This has been attributed to insufficiently
sensitive lvmphocvtotoxicitv tests and in a few instances, it has been
demonstrated that antibodies are present to donor kidney cells but not to
donor lymphocytes, explaining the failure of function in the face of
negative lvmphocvtotoxicitv tests." More and more often, however, le-
sions of perfusion-related injurv are held to account for hvperacute rejec-
tion.78
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Perfsio-Related Renal Alograft Injury
A picture morphologically and clinically identical to that seen in hvper-

acute rejection mav be produced in recipients of some machine-perfused
cadaver kidneys.76 These kidneys are preserved during the period between
removal from the donor and implantation into the recipient bv pulsatile
perfusion in the cold on a Belzer or similar machine, usually emploving a
crvoprecipitated plasma mixture as the perfusate. Damage to the kidnev
mav occur during perfusion bv one or both of two mechanisms: first, in
some instances, both experimental and clinical, it is possible to demon-
strate cvtotoxic antibodies in the cryoprecipitated plasma.79 These anti-
bodies attach to the kidnev endothelium during perfusion, but it is only
on implantation of the kidnev that complement becomes available and is
activated, the endothelium Iysed, and thrombosis produced. In other
instances,76 it is possible on preimplantation biopsies to demonstrate rents
in the endothelium, presumablv arising either from mechanical damage
to the kidney by the perfusion apparatus or in some instances from
cellular degeneration related to an overlv protracted warm ischemia time.
Once again, these kidneys display the extent of their damage onlv on
implantation into the recipient. In the one instance the endothelial dam-
age derives from cvtotoxic antibodies (analogous to hvperacute rejection
except that there the antibodies come from the host and not from the
perfusate). In the other instance, the endothelial damage is mechanical or
degenerative. In both instances the thrombosis is secondarv to endothelial
damage and is nonspecific with regard to the immune system.

Nlorphologically such kidnevs show lesions identical to those of hyper-
acute rejection-polvmorphonuclear leukocvtes and fibrin thrombi in
glomeruli associated with vascular thrombosis and fibrinoid necrosis (Fig-
ure 4). However, it is important to distinguish clearly between these
mechanisms, for perfusion-related injury is an acute self-limited injury
which may resolve without much residual deficit in renal function,
whereas true hvperactue rejection has an ominous prognosis and calls for
different therapeutic maneuvers. The presence of abundant polv-
morphonuclear leukocytes and fibrin in an immediately posttransplant
biopsy should no longer be taken as prima facia evidence of hvperacute
rejection. The possibility that this constellation of morphologic alterations
may represent perfusion-related injurv must also be taken strongly into
consideration.

Differential Diagnosis of Renal Graft Reection
The pathologist is frequentlv presented with material from a biopsy

taken at a time of crisis in the patient's posttransplantation course, marked
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usually by oliguria and varying degrees of azotemia. He is asked to
determine if evidence of graft rejection is present and, if so, how severe. It
is important in this situation to be able to distinguish graft rejection from
a varietv of nonimmunologic disorders which may befall the kidney. This
mav be difficult because many such disorders are marked by varying
degrees of acute and chronic inflammation involving both vessels and
interstitium, changes that can be seen in graft rejection as well.

Perhaps the most important disorder to be distinguished from graft
rejection is acute tubular necrosis. Oliguria in the immediate post-
transplant period may be due to graft rejection, acute tubular necrosis, or
to a combination of the two. Both are marked by swelling and tenderness
of the kidney, with interstitial edema, patchy areas of ischemia, and
degeneration or necrosis (often extensive) of tubules. The distinction
between the two is made on the basis of the paucitv or absence of the
characterisitc features of rejection-interstitial nephritis, arteritis, or glo-
merular lesions. (If acute rejection is present, then the possibility of a
superadded acute tubular necrosis, related perhaps to prolonged ischemia
time, cannot be ruled out. But in this instance the distinction is not of
great importance in immediate therapeutic terms.)

It is increasingly being recognized that varying degrees of acute tubular
necrosis and acute renal failure may result from arteriographv and ex-
cretorv urography in the transplant patient.8°s'6 In well-documented cases,
diminution in urinary output typically begins within hours of the exam-
ination. It has long been recognized that acute tubular necrosis occurs
sporadicallv in patients receiving iodinated contrast media, but the trans-
plant patient seems particularly susceptible to the noxious effects of these
agents. The tubular lesions so produced have little to distinguish them
from acute tubular necrosis due to other causes. Their appearance, how-
ever, should trigger the pathologist to alert the clinician to this possibility.
If the temporal relationships between onset of oliguria and prior urog-
raphy are appropriate, the contrast medium may be implicated as the
cause. (Often this is not possible because there has been some diminution
of function before the examination which has, in fact, prompted the
performance of the test.)

Arterial, venous, or ureteral occlusion and lymphocele are all recog-
nized complications of transplantation.* For the most part, these compli-
cations are diagnosed by clinical approaches, principallv arteriography
and surgical exploration. Occasionally, however, a biopsy from such a
kidnev is given to the pathologist for study. These conditions may be
marked by obvious infarcts, venous congestion with thrombosis, or inter-
stitial edema, respectively. Or there may be little to indicate the nature of
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the process. The crucial feature which will betray the presence of one of
these processes, however, is the absence of indicators of acute rejection of
sufficient magnitude to explain the more or less total urinary suppression
which customarilv accompanies such obstructions. The pathologist is thus
alerted to search more diligently for minor evidences of such a process and
to advise the clinician of its probable presence.

Progressing on to more purelv inflammatory lesions, wedge biopsies of
the kidney, especially those that are superficial, may result in some
diagnostic confusion since the thickened capsules of transplanted kidneys
are frequently associated with accumulations of mononuclear cells sub-
jacent to the capsule. This sort of chronic inflammation can be distin-
guished from graft rejection because the cells are often localized to the
immediate subcapsular zone and these infiltrates are often more homo-
geneous, being made up of small lvmphocytes, than is the case of mono-
nuclear cellular inflammation of graft rejection.

Similarlv, infections of renal allografts may be troublesome since they
usuallv are associated with interstitial infiltrates of acute or chronic in-
flammatory cells. In many instances these infiltrates are distinguishable
from those of graft rejection because they contain significant numbers of
polvmorphonuclear leukocytes which are absent from all but the most
florid acute and hvperacute rejection. In other instances, e.g., gran-
ulomatous infections, the classic morphology of the inflammatory change
may identifyt the nature of the process. Fortunately, the issue is often
readilv resolved bv the identification of the offending microorganism.

Less often, the renal biopsy mav be difficult to interpret because of
vasculitis accompanying graft rejection and the need for its distinction
from a primary renal vasculitis. There have, as vet, been too few cases of
this sort reported to feel comfortable in making this distinction with
certainty in its various forms. However, our earlv experience suggests that
the vasculitis of graft rejection is most common in small arteries and
arterioles, in contrast to the spotty affliction of larger renal arterial vessels
in many instances of primary vasculitis. It is our further impression that
vasculitis usually occurs only in hyperacute rejection or florid rejection
marked by abundant interstitial cellular infiltrates. Electron microscopy
is, in these cases, not an especially useful modalitv in making the differ-
entiation of graft rejection from these other disorders.

It should also be emphasized in this regard that studies of renal function
do not permit separation of renal failure due to rejection from other
disease processes. Because of this, Rowlands along with Bossen, Johnston,
and Amatulli have studied the urinary sediment as it appears on Millipore
filters stained with Papanicolaou stains in patients with renal trans-
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plants."` As will be emphasized later, this technique is especially valu-
able in detecting certain viral infections which are common to recipients
of immunosuppressive drugs. However, these studies, when carried out in
recipients of renal allografts, proved very useful in detecting graft rejec-
tion and in distinguishing graft rejection from other types of kidney
disease. Specifically, specimens collected by a membrane filter technique
and stained by a modified Papanicolaou technique w%ere scanned at vari-
ous times during the course of a transplant. It was found that the presence
of five of the following abnormalities-nuclear changes, casts, red blood
cells, a "dirty background," mixed cell clusters, lymphocytes, or tubular
cells-permitted a diagnosis of graft rejection to be suggested. In 8 of 10
patients studied prospectively, graft rejection could be suggested 1 to 12
days before it became evident clinically. In the other 2 patients, the
diagnosis could only be made cytologically when the diagnosis was also
obvious clinically. Treatment of the patients undergoing graft rejection
led to a prompt return of their urinary% sediments to normal.

Survival of Human Renal Alkgrafts
It is appropriate at this point to put our comments on acute and chronic

graft rejection into perspective by looking at survival rates among various
categories of renal allografts, comparing graft rejection of kidneys with
rejection of other organs, and methods of avoidance of graft rejection.
Specific figures var from series to series because of different methods of
preservation, differing surgical techniques, and differing immunosuppres-
sive therapy regimens. However, certain generalities may be made."'87
Living-related transplants do substantiallv better than cadaver trans-
plants. Overall 2-vear survival rates are on the order of 75% for living-
related subjects, in contrast to approximately 40 to 30% for cadaver
kidnevs. Among the living-related donors, siblings appear to be better
than parents. Although increased age of the donor is not an absolute
contraindication to transplantation, a recent study" has demonstrated
that there is a clear-cut diminution of graft survival with increasing age of
the donors. This difference is of the proper magnitude to explain the
differences of graft survival when grafts from parents are compared with
those of siblings. There is no appreciable difference between trans-
plantation using living-unrelated donors and transplantation using cada-
ver donors.
Among cadaver transplants, the mode of preservation has an important

influence on graft survival. Clark "9 has published comparisons between
cadaver kidneys preserved bv simple hypothermia after washout with an
electrolyte solution (Collins or Sachs) versus continuous pulsatile per-
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fusion on a Belzer machine with a proteinaceous solution, usually- cryopre-
cipitated plasma. as perfusate. He found that grafts preserved by simple
hypothermia do substantialix better (58%c 1-year survival) than those
perfused on the Belzer machine (48% 1-year survival). Possible reasons for
this difference are discussed under Perfusion-Related Renal Allograft
Injury (vide supra).

Aside from technical considerations, such as the method of organ
preservation and the skill of the surgeon. the fate of the transplanted
organ depends on antigenic differences between the donor and recipient
of the organ graft. Tw%vo major groups of antigens account for sensitization
of the host and graft rejection: the blood group ABH antigens and the
leukocvte and tissue antigens of the HLA system.
A complete match of the donor and recipient 'with regard to these two

groups of antigens such as that found in monozygotic t'wins is required for
assurance of total compatibility so that organ and tissue transplants can be
successfully carried out without need for the use of immunosuppressive
agents. Although matches with regard to the ABH system can be made
relatively easily in donor recipient combinations, satisfactory matching
'with regard to transplantation antigens is more difficult to achieve
because of the poly-morphism of the HLA system. For this reason, most
recipients of organ allografts require immunosuppressive agents to retain
their grafts free of obvious signs of rejection.
The HLA antigens appear to constitute the major histocompatibility

svstem in man, but even so. their role in graft rejection is not completelV
understood. For example, it is an established fact that the individual HL-
A antigens may vary in their immunogenicity when examined from the
standpoint of specific antibody induction in multiparous -omen, but
there is no evidence that these differences affect graft rejection. Never-
theless. there is groxwing evidence that certain hosts do not respond well to
histocompatibility antigens and it is in these subjects that prolonged graft
survivals can be seen. Opelz et al.87 have sho-n that 'whether or not a
patient develops significant antibodies to histocompatibility antigens pre-
transplant. as the result of transfusion or during maintenance on hemo-
dialysis. has significant predictive power in forecasting graft survival.
Those -ho readily develop antibodies (responders) are presensitized and
reject kidneys more readily than patients X ho do not develop them. As a
further extension of this notion, it was found that patients -ho did not
develop cytotoxins after more than 1 vear on hemodialysis (non-
responders) had an overall graft survival rate of 81 % . compared to 31 % of
the cadaver graft group as a whole. The obvious explanation that these
nonresponders do vell because they do not make significant antibodies to
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their grafts is attractive, but the total explanation for this phenomenon
remains to be worked out.

Comicafons of Transplataon
There are two major types of complications that may be seen in recipi-

ents of organ grafts. The first, and most obvious, variety of complication is
that of infection seen in patients who have been subjected to immunosup-
pressive therapy."-* This is, of course, a consequence of the fact that the
immunosuppressive agents in common use are not selective and serve to
significantly reduce a wide variety of host defense mechanisms. In addi-
tion to this purposefullv induced immunosuppression, those patients in
whom an allograft is carried out ordinarily have severe uremia which is in
itself immunosuppressive.

Certainly recipients of allografts who are under the influence of im-
munosuppressive agents are fair game for anv of the more common
infectious agents. However, the infections which have attracted most
interest in these patients are opportunistic infections by organisms which
are ordinarily saprophytic or rarely invasive. These include the fungi and
many viruses. In addition, tuberculosis mav be encountered in certain of
these patients.
The site of infection is variable with the lungs appearing to be a rather

frequent seat of infection. In many cases the infection becomes widely
disseminated (e.g., meningitis) and may even involve the graft itself.
Because of the extensive immunosuppression in these patients, the white
cell population is greatlv reduced so that the site of infection usually
shows far fewer inflammatorv cells than would be ordinarilv seen.

In addition to bacteria and fungi, the graft recipients are often heavily
laden with organisms such as cytomegalovirus and Pneumocystis carin i.
Diagnosis of these infections has often proved difficult without biopsy
material. However, the technique of collection of urinary sediment on
Millipore filters described earlier has been found to be an especiallv useful
measure for identifying patients having systemic infections with cyto-
megalovirus (CMV).' The apparent superiority of this method over
that of using cells recovered by centrifugation mav have to do with the
decreased cellular injury produced using the Millipore techniques.

There is a high degree of association between herpesvirus (particularly
cvtomegalovirus) infections and clinical rejection episodes. It had been
recognized for some time that CMV is found in a very high proportion of
transplant recipients and that CMV infections were sometimes associated
with a pneumonitis-, hepatitis-, or infectious mononucleosis-like pictures.
General opinion has held that CMV is an incidental finding in most
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transplant patients. How-ever, Simmons et al.94 and other groups 9D have
noted the close association betw-een febrile. presumably -iral, illnesses
and rejection episodes. Lopez et al.95 isolated and carefullv documented
the time course of infectious and rejection manifestations and the sub-
sequent appearance of antiviral antibodies. They feel they have demon-
strated a clear-cut relationship bet,%veen virus infections and rejection
episodes. They propose that either a) the -irus infection acts as an adju-
vant and triggers allograft rejection or b) the rejection activates a latent
virus infection. Thev state that no definitiv-e e-idence is available to allom-
them to choose definitivelv betw-een these possibilities.
One of the additional observations made in these patients who have

been subjected to immunosuppression is the striking increase in the
incidence of neoplasms."6'98 The most notable increase has been in neo-
plasms of the lymphoreticular system. Although the percentage increase is
less. epithelial neoplasms actually constitute the largest number of trans-
plant-related neoplasms. Skin neoplasms are most common, but lung,
gastric. pancreatic. and other carcinomas hax-e been reported. The reasons
for the increased incidence of neoplasms in immunosuppressed individ-
uals is not entirely clear although it has generally been attributed to
defective immune surveillance mechanisms in these patients.

It is apparent that replacement of a diseased organ by a normal one is
not necessarilv corrective of the basic disease process. Because of this. it
seemed reasonable to suppose that the same disease might reappear in
certain of the transplanted kidneys.4"61 " 76 1-106 especially since so many
disorders 'which afflict the kidney depend on circulating humoral sub-
stances. This expectation wvas amply confirmed in the early experience
w-ith renal isografts betw-een identical tw ins unmodified by immunosup-
pressive therapy. in 'which 11 of 19 graft recipients developed recurrent
glomerulonephritis. In addition, the follow-ing diseases have definitely
been documented to recur in renal allografts. at least on occasion:
anti-glomerular basement membrane glomerulonephritis. IgG- IgA ne-
phropathy. basement membrane dense deposit disease, lobular glome-
rulonephritis. florid Henoch-Schoenlein purpura. membranous nephro-
pathy. and focal segmental glomerulosclerosis. It must be pointed out that
all of these diseases have one feature in common. namely. the presence of
some distinctive morphologic feature, such as mesangial deposits of IgA or
dense deposits in the glomerular basement membranes. which when
coupled wvith examination of the original kidney allows identification of
recurrent disease to be made with fair certaintv. In avery large number of
cases. however, the original disease is more ambiguous in its nature. with
variable degrees of nonspecific mesangial and epithelial proliferation and
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sclerosis, and no distinctive identifying feature. Thus, when proliferative
glomerular lesions are found in the transplant, it is impossible to know
whether to ascribe them to recurrent diseases or to the glomerulitis
described above which so frequently is a part of chronic rejection. (A third
possibility, of course, is that the glomerulonephritis has developed de
novo; this has been documented in patients whose antecedent disease was
pyelonephritis or polvcystic disease. Its frequencv is unknown.) Thus the
true incidence of recurrent glomerulonephritis is very hard to determine.
Dixon et al.10 have claimed a ver high incidence of recurrent glomerulo-
nephritis on the basis of immunofluorescence data, in 77% of patients with
anti-GBMI disease and 23% of patients with immune complex glomerulo-
nephritis. NMost authors suggest that, although significant, the actual
incidence is much lower.
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