Human Renal Allografts

Interpretation of Morphologic and Immunohistochemical
Observations
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Previous sTupY of the pathophysiology of renal allograft re-
jection in unsensitized, sensitized, and immunosuppressed inbred rats
under controlled immunogenetic conditions has provided information
that may be useful in delineating correlates of the morphologic features
of human renal allograft rejection and in interpreting the significance of
these features in a dynamic framework. These studies in the rat have
demonstrated a relatively invariable pattern of rejection, and immuno-
pathologic and physiologic parameters have been elucidated.!-® In the
present paper, the results of morphologic and immunofluorescence study
of biopsy specimens from human recipients of renal allografts are pre-
sented, and the significance of these results is interpreted on the basis of
experimental experience with renal allograft rejection in the rat.

Materials and Methods

A total of 71 tissue specimens from 42 renal allografts in 41 patients were
available for morphologic study. The material studied was only a portion of the
renal allograft tissue available at our hospital. The material was selected at random
and usually because tissue was examined by one of us (R.R.L.) at the time of
biopsy or necropsy. Paraffin-embedded tissue fixed in either 109 formalin or 95%
cold alcohol was used to prepare 5- to 6-p sections which were stained with
hematoxylin and eosin (H&E), and Schiff's leukofuscin after periodic acid oxida-
tion (PAS). Mallory’s trichrome connective tissue stain, Van Gieson’s elastic
tissue stain, and methyl green pyronine (MGP) stains were done on selected
specimens. Additional tissue was occasionally fixed in osmium tetroxide, embedded
in epoxy resin, and used to prepare l-u sections, which were then stained with
toluidine blue O.

For collecting the data to be presented in this paper, all the slides from each
patient were examined together, without knowledge of the name or clinical status
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of the patient. Semiquantitation was attempted in evaluating some of the mor-
phologic alterations by grading 70 specimens on a +1 to +4 scale: +1 correspond-
ing to mild alteration and +4 to severe alteration. Although this attempt at
quantitation is not absolute, the values are probably valid as a measure of relative
severity within the group. No attempt at quantitation was made for tissue from
patients with acute arteritis or venous thrombosis. In computing the incidence
of a morphologic alteration, = and +1 alterations were regarded as no alteration.
It is realized that sampling errors can occur when evaluation is of a small amount
of biopsy material, and this error is occasionally reflected in some inconsistencies
of the data.

Frozen tissue of 33 biopsies from 21 patients was available for localization of
immunoglobulin G (IgG), B,.-globulin (C’3), and fibrin by the fluorescent anti-
body technique,” using methods previously described in detail.?

Results

The morphologic features of renal allograft rejection and their inci-
dence, as well as data on the functional status of the graft at the time of
biopsy and its subsequent course, are presented in Table 1.

Interstitium

The principal interstitial alterations occurring in human renal allo-
grafts examined are (1) infiltration by immature mononuclear cells, (2)
infiltration by mature mononuclear cells, (3) edema, (4) hemorrhage,
and (5) fibrosis.

The immature cells infiltrating the renal interstitium are large, with
basophilic and pyronophilic cytoplasm, and a large central or slightly
eccentric vesicular nucleus with a coarsely outlined nuclear membrane
and containing one or two large, irregularly shaped nucleoli (Fig. 1 and
2). Mitotic figures in these large mononuclear cells are not infrequent.
When the cellular infiltration is sparse, these mononuclear cells show a
predilection for perivascular areas. Even when the infiltration is diffuse,
the cells are usually more dense in perivascular, and frequently peri-
glomerular, areas. Only rare cells contain IgG demonstrable by fluores-
cein-labeled rabbit anti-human IgG staining. The large mononuclear
cells are occasionally seen in peritubular capillaries, and some cells in
peritubular capillaries are adherent to vascular endothelium.

The renal interstitium also may be infiltrated by mature lymphocytes
and plasma cells. The mature cells usually accumulate in focal collec-
tions around vessels or in areas of interstitial fibrosis and tubular atrophy.
IgG is demonstrable in some mature cells by immunofluorescence meth-
ods.

Interstitial edema occurs both with (Fig. 6) and without interstitial
hemorrhage (Fig. 5). Mononuclear cells usually are relatively sparse in
areas of interstitial edema. The edema fluid contains abundant IgG,
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globulin, and fibrin, as demonstrated by immunofluorescence techniques
and is represented by diffuse fluorescence.

When rejection is expressed by interstitial hemorrhage (Fig. 6-8),
extensive tubular necrosis is frequent. Rupture of peritubular capillaries
with extravasation of erythrocytes into the interstitium is seen infre-
quently. Thrombosis of small- and medium-sized veins is a frequent
finding associated with interstitial hemorrhage (Fig. 13-15). Immature
and mature mononuclear cells are usually uncommon in areas of intersti-
tial hemorrhage. Polymorphonuclear leukocytes may be scattered
throughout these areas of hemorrhage.

Interstitial fibrosis, when present, may be patchy or diffuse (Fig. 3).
Atrophic tubules and tubules with thickened basement membranes are
frequently found in areas of interstitial fibrosis (Fig. 4). These areas
usually contain a variable number of mature lymphocytes and plasma
cells.

Vessels

Acute necrotizing arteritis was seen in eight of the examined renal
allograft specimens. Arteries of various sizes contain eosinophilic,
PAS-positive, and slightly granular material—i.e. fibrinoid, deposited in
and not infrequently around vessel walls (Fig. 9 and 10). Smooth-
muscle-cell nuclei of the arterial media are frequently pyknotic or kary-
orrhexic. Immunofluorescence methods reveal deposition of IgG, Bic
globulin, and fibrin in the walls of vessels exhibiting necrotizing arteritis.
IgG and Bic-globulin are localized as semidiscrete deposits in the vessel
wall (Fig. 11), and fibrin is located diffusely throughout the vessel wall,
frequently extending into the surrounding perivascular area (Fig. 12).

Arteries in long-surviving renal allografts frequently show oblit-
erative lesions with intimal thickening and luminal narrowing (Fig.
16-21). The intimal thickening is composed of either dense or loose
connective tissue. Lipid and occasionally fibrin may be seen in the inti-
mal thickening (Fig. 17 and 20). The medial layer of arteries with ob-
literative lesions may show atrophy and loss of smooth-muscle cells;
disruption and reduplication of the internal elastic lamellas is usual
(Fig. 19). Immunofluorescence study infrequently shows some focal
IgG localization in the wall of these vessels or on the endothelium (Fig.
22).

The deposition of hyaline material in the walls of arterioles is also
frequent in long-surviving renal allografts. IgG fibrin with B.c-globulin
is occasionally seen in this benign hyalinosis. Similar immunofluores-
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cence findings, however, are seen in nontransplanted kidneys with hya-
line deposits within arteriolar walls.

Glomeruli

Although swelling of glomerular endothelial and mesangial cells is
seen frequently in renal allografts, glomerular hypercellularity with
proliferation of endothelial and mesangial cells is less frequent. Figure
25 illustrates a proliferative glomerulopathy developing 22 days after
renal allotransplantation. Immunofluorescence examination of this
biopsy did not reveal IgG or Bic-globulin localization at this time. A
second glomerular alteration, also interpreted as an acute phenomenon,
seen in renal allografts consists of platelet and fibrin thrombi within
glomerular capillaries (Fig. 23 and 24). These alterations usually are
local and focal, involving only a portion of some glomerular tufts.

Glomerular alterations are common in long-surviving renal allografts,
and several morphologically different alterations are seen (Fig. 27-37).
Least frequent are glomerular capillary walls with a wrinkled or wavy
appearance (Fig. 31 and 33). Usually only some portions of the glo-
meruli show this alteration, and associated mesangial matrix increase and
capillary wall thickening is usual. The glomeruli exhibiting these capil-
lary wall undulations not infrequently are partially collapsed. A more
common glomerular alteration seen in renal allografts consists of a dif-
fuse membranous glomerulopathy characterized by diffuse thickening of
glomerular capillary walls (Fig. 27 and 28). In some cases capillary wall
thickening is marked, and it severely compromises the patency of glo-
merular capillaries. Focal membranous and mesangial glomerulopathy
with irregular thickening of glomerular capillary walls and increase in
mesangial matrix is also a common glomerular alteration in long-surviv-
ing renal allografts (Fig. 30).

The different morphologic types of glomerular alterations cannot be
separated by immunofluorescence examination. Several patterns of IgG,
Bic-globulin, and fibrinogen localization are seen by immunofluorescence
methods. The most frequent pattern consists of slight-to-moderate
amounts of IgG and Bic-globulin localization on glomerular capillary
walls in a granular and linear fashion (Fig. 32). Mesangial areas fre-
quently also contain IgG and Bicglobulin. Only slight-to-moderate
amounts of fibrinogen, more often in mesangial areas then on capillary
walls, is detectable in this immunofluorescence pattern. A second general
pattern of immunofluorescence consists of slight IgG and B.c-globulin
localization on capillary walls, associated with pronounced fibrin local-
ization on capillary walls and mesangial regions (Fig. 34 and 36). The
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third and least frequent immunofluorescence pattern is abundant IgG
and Bic-globulin localization on glomerular capillary walls in a pro-
nounced linear fashion (Fig. 35 and 37). Some glomeruli show no
evidence of host protein localization.

Tubules

Acute tubular alterations in renal allografts are varied and common,
and consist of hyaline droplet formation, cytoplasmic vacuolation,
isolated necrosis of tubular cells, and extensive tubular necrosis. Chronic
alterations include tubular atrophy, thickening of tubular basement
membranes, flattening of tubular epithelial cells, loss of brush borders,
tubular casts, and multinucleated epithelial cells. Host proteins are
located by immunofluorescence methods in tubular casts, in tubular
epithelial cells along the free border of these cells, within epithelial cells
diffusely, and as discrete granules within epithelial cells.

Discussion

Examination of human renal allograft rejection reveals several dis-
tinctive morphologic features that can serve as the basis for a tenative
morphologic classification of reral allograft rejection. This classification
is as follows:

Acute allograft rejection characterized by
Interstitial infiltration by immature mononuclear cells
Interstitial edema
Interstitial hemorrhage
Acute necrotizing vasculitis
Acute glomerulopathy
Proliferative glomerulopathy
Thrombotic glomerulopathy
Chronic allograft rejection characterized by
Interstitial infiltration by mature mononuclear cells
Interstitial fibrosis and tubular atrophy
Chronic obliterative arteritis
Chronic glomerulopathy
Diffuse membranous glomerulopathy
Membranous and mesangial giomerulopathy
Undulating membranous glomerulopathy

It should be emphasized, however, that a single allograft may contain
several features of rejection. Bv using the experience gained from
immunogenetically controlled renal transplantation in sensitized, un-
sensitized, and immunosuppressed inbred rats, the significance of some
of these morphologic patterns of rejection can be postulated.
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Acute Renal Allograft Rejection

Characterized by Interstitial Immature Mononuclear Cell Infilltration.
This corresponds to rejection seen in the unsensitized nonimmunosup-
pressed inbred rat. In man, then, this pattern is probably an expres-
sion of rejection in an inadequately immunosuppressed, unsensitized
host. The mononuclear cells with abundant cytoplasmic RNA and
free ribosomes, large vesicular nuclei, and one or more prominent
nucleoli accumulate first in perivascular areas and later infiltrate the
cortex diffusely so that they surround individual tubules and glomeruli.
They probably reach the renal interstitium initially by way of peri-
tubular thin-walled vessels from intravascular mononuclear cells, as
well as originating from donor cells contained in the interstitium.
From studies with labeled cells, it appears that at least some of
these mononuclear cells are seen within peritubular capillaries and
transversing peritubular capillaries to reach the renal interstitium in
rejecting rat renal allografts where they actively proliferate.®!! The re-
sults of the present study suggest a similar series of events in human
renal allografts. Although these cells may be engaged in protein
synthesis, as indicated by abundant free ribosomes, the presented
immunohistochemical data suggest that they are not engaged in anti-
body synthesis. The rarity of IgG in these human cells confirms previous
experience with rejecting rat renal allografts where no IgG or IgM
was detected immunohistochemically in the immature mononuclear cells
during rejection.? We have previously proposed that these cells are
engaged in protein synthesis necessary for growth and replication. The
in-vitro studies of Sell, Rowe, and Gell!2 on lymphocytes transformed
following exposure to phytohemagglutinin, staphylococcal filtrate, anti-
allotype serum, or heterologous antiserums to homologous serum showed
blast forms characterized by morphologic features similar to the mono-
nuclear cells seen in rejecting renal allografts supports this view; for
although the cells studied by these authors synthesize abundant protein,
no IgG synthesis was demonstrated using autoradioimmunoelectro-
phoresis, and no IgM was found using an autoradio-Ouchterlony test.
The possibility of these mononuclear cells infiltrating the renal intersti-
tium producing nonconventional immunologic graft damage—i.e.,
nonantibody-mediated damage analogous to that seen in target cell cyto-
toxicity exhibited by phytohemagglutinin-stimulated nonimmune allo-
geneic lymphocytes 1>-5—seems less likely in view of the absence of
intimate cell contact between the infiltrating cells and parenchymal cell
of the graft.
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The complete reversal of rejection, characterized by interstitial in-
filtration by immature mononuclear cells in dogs after retransplantation
of rejecting renal allografts back into the original donor,® suggests that
the cellular infiltrates are reversible and not necessarily harmful to the
graft. However, it must be remembered that in the reported experiments
the recipient’s cells infiltrating the graft become an allograft after
retransplantation to the original donor and can themselves be rejected.
Even though we do not consider the infiltrating cells necessarily harmful
to the parenchymal portion of the organ graft in a conventional immuno-
logic sense, their simple presence may add to increased resistance to
blood flow by plugging and/or compressing vessels, thus leading to
renal ischemia. The electron microscopic studies of these cells in the
rejecting rat renal allografts 7 leads us to suggest that some of these
cells are actively engaged in collagen production and produce eventual
interstitial fibrosis. Thus, the potential for these large blast cells to
become fibroblasts and acquire another function is suggested. Patient
23 provides support for this speculation. Biopsy 1, done on the forty-
ninth post-transplant day, shows a very extensive interstitial infiltration
by immature mononuclear cells which disappear after appropriate
therapy, leaving normal renal tubules surrounded by a moderately ex-
tensive interstitial fibrosis. While some interstitial fibrosis seen in human
renal allografts probably can be explained on the basis of renal ischemia
secondary to obliterative arteritis, in this patient interstitial fibrosis was
out of proportion to moderate obliterative arteritis, and renal arterio-
grams showed only moderate irregular narrowing. 18

Characterized by Acute Proliferative Glomerulopathy. This is a
feature of renal allograft rejection in the unsensitized rat. Immuno-
histochemical studies in the rats suggests that this glomerulopathy is
initiated by the nonimmunologically directed deposition of immune
complexes consisting of possible organ-specific and transplant antigens
and antibodies with bound complement in the glomerulus. Although
one of the human biopsy specimens with proliferative glomerulopathy,
examined by immunohistochemical techniques, did not show IgG
localization, a subsequent biopsy specimen from this patient did show
fine granular deposits of IgG throughout the glomerulus, suggesting
immune deposits.

The functional significance of proliferative glomerulopathy is re-
flected in the poor renal function of all 5 patients showing this glomeru-
lar alteration. A second biopsy specimen from Patient 10 showed res-
olution of the proliferative glomerulopathy, with the return of good
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renal function. Patient 29, however, had slowly progressive uremia with
a creatinine clearance (C.:) of 5 ml./min.

Characterized by Platelet and/or Fibrin Plugging of Glomerular
Capillary Loops. This is seen in both presensitized and unsensitized
acute rat allograft rejection. It is not known if clumping of platelets and
fibrin deposition is due to contact with antibody-antigen complexes, to
contact with damaged endothelium, or for hemodynamic reasons. Al-
though the platelet clumping may be reversible bv administration of
corticosteroids and perhaps by antlcoagulatxon, the electron microscopic
study of Porter et al.1® indicates that when fibrin is deposited along with
platelets, the process is probably irreversible, and this material becomes
incorporated into glomerular capillarv walls. The repeated glomerular
deposition of platelets and fibrin, and their incorporation into glomeru-
lar capillary walls, may be a pathogenetic mechanism leading to the
chronic membranous glomerulopathy seen in long-surviving renal allo-
grafts. Further evidence for a pathogenetic role of fibrin and its deg-
radation products in chronic glomerular lesions has been suggested.202!

Characterized by Interstitial Hemorrhage and Edema. These rejec-
tion patterns are seen in previously sensitized rats * and are considered
as examples of accelerated rejection in man. Since most transplant re-
cipients received numerous blood transfusions prior to transplantation,
presensitization of human kidney recipients to donor tissue may occur
by contact with leukocytes 22 or platelets 2% in blood transfusions or dur-
ing prior pregnancies. In addition, the work of Chase and Rapaport 24
and Rapaport and Chase 2 suggest that certain bacterial antigens may
sensitize the host to subsequent tissue allografts. The relatively high in-
cidence of previous sensitization of renal transplant recipients has been
emphasized recently by Terazaki, Thresher, and Hauber,2¢ who found
preformed antibodies which were cytotoxic to donor cells in 23% of
male and 40% of female recipients. Marked interstitial edema with
relatively few infiltrating mononuclear cells is one of the two major
distinctive morphologic patterns of rejection seen in presensitized rats
and, if experience with renal allografts in the inbred rat is applicable to
man, this pattern in man indicates an accelerated rejection. Abundant
IgG is demonstrated in the interstitial edema and could be interpreted
as antibody directed against the graft. However, since fibrinogen and
Bic-globulin are also present, increased vascular permeability to serum
proteins with their nonspecific accumulation is suggested, rather than an
immunologically specific event. A similar nonspecific interstitial accum-
ulation of serum proteins is seen in the inbred rat renal allograft. The
mechanism of edema formation in the unsensitized rat has been dis-
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cussed previously.>27 In rat renal allografts, cell-bound, and probably
free, humoral antibodies likely react with antigens residing on the
endothelium of the graft, bind complement, and lead to increased vas-
cular permeability. Evidence supporting the existence of host antibody
directed against renal graft endothelium also has been provided from
investigation of canine renal allografts.?® Qualitatively similar, but
quantitatively more extensive, antibody-antigen interaction may take
place in grafts in the presensitized host and may lead to more pro-
nounced interstitial edema. The possible significance of venous throm-
bosis as a mechanism leading to interstitial edema is considered later.

Acute rejection characterized by interstitial hemorrhage is the other
major distinctive morphologic rejection pattern seen in presensitized
rats. In humans this morphologic pattern of rejection carries a poor prog-
nosis, as indicated by the clinical course of patients exhibiting such a
pattern. The grafts of 5 of 6 patients with this pattern failed soon after
biopsy. In the sixth patient the interstitial hemorrhage was focal. In-
terstitial hemorrhage may originate by rupture of peritubular capillaries.
Evidence of such rupture during rejection of canine renal allografts in
unsensitized hosts has been presented.1029:30 In the rat we find rupture
of peritubular capillary infrequently, and interstitial hemorrhage is rare
in unsensitized recipients, in contrast to rejection in the previously
sensitized rat where interstitial hemorrhage is common and rupture of
peritubular capillaries more frequent, but not common.

In renal allograft rejection in the presensitized rat, thrombosis of
small- and medium-sized veins is frequently associated with interstitial
hemorrhage and edema, and suggests possible participation of increased
venous pressure as a mechanism leading to interstitial hemorrhage and
edema. In the present human series, about half of the patients with
interstitial hemorrhage had associated venous thrombosis, and 6 of 8
patients with venous thrombosis had associated interstitial hemorrhage
or edema, suggesting a possible causal relationship between venous
thrombosis, and interstitial edema and hemorrhage.

Characterized by Necrotizing Vasculitis. This condition may be an
example of accelerated rejection. In rat renal allografts, necrotizing
vasculitis is seen both in sensitized and unsensitized rats. In the un-
sensitized rat, however, necrotizing vasculitis is only seen after the
kidney is completely rejected and the recipient kept alive with one of
his own kidneys in place. This could suggest the importance of excess
antibody or other nonspecific factors. Although immunofluorescence ex-
amination of the rat kidney gives no indication of the pathogenesis of
the necrotizing vasculitis, immunohistochemical examination of the



November 1968 HUMAN RENAL ALLOGRAFTS 863

necrotizing vasculitis in humans may. The IgG and Bic-globulin dis-
cretely deposited in the walls of vessels with acute necrotizing arteritis
suggests deposition of antibody or immune complexes as a pathogenic
mechanism in the induction of acute necrotizing arteritis. Similar im-
munohistochemical findings and interpretation have been reported in
canine renal allografts.3! The gravity of acute necrotizing arteritis on
the survival of the renal allograft in humans is indicated by graft failure
in all 5 patients showing acute necrotizing vasculitis. Fibrin deposits,
however, without evidence of necrosis of the arterial wall is not neces-

sarily a poor prognostic finding.

Chronic Renal Allograft Rejection

Characterized by Obliterative Vascular Lesions. These lesions are
seen in 50% of the grafts reviewed that survived 3 months or more.
Even though obliterative vasculitis has not been studied in the inbred
rat model, some of the morphologic and immunofluorescence findings in
human renal allografts provide a basis for suggesting a possible mechan-
ism leading to the intimal thickening. The occasional presence of fibrin
in these lesions and the morphologic similarity between the intimal
thickening and organizing thrombus suggests organization of deposited
fibrin as a possible mechanism leading to obliterative arteritis. The fre-
quent disruption of elastic lamellas seen in those vessels suggests a
prior episode of acute arteritis and, possibly, that healing of this arteritis
leads to the obliterative lesions. Patient 27 illustrates this possibility.
Acute necrotizing arteritis was present in the Day 12 biopsy, and by
Day 28 early obliterative lesions were unmistakable. This does not ex-
clude the significance of recurrent vascular deposition of fibrin second-

to immunologic damage to endothelium and organization of fibrin
into intimal fibrosis and thickening. The poor prognosis of grafts show-
ing necrotizing arteritis, however, indicates that some grafts may not
survive long enough for necrotizing arteritis to be significant in the de-
velopment of chronic obliterative vascular lesions.

Characterized by Chronic Glomerulopathy. This also is a frequent
finding in long-surviving human renal allografts. About half of the grafts
surviving 2 months or longer show evidence of glomerular alterations.
The multiplicity of the morphologic and immunofluorescence features
of the chronic glomerular lesions seen in renal allografts suggests partic-
ipation of several pathogenetic mechanisms, rather than a single patho-
genesis. The first pathogenesis to be considered is redevelopment of
the host’s original renal disease in the graft. The significance of this
mechanism is emphasized by the course of renal transplants in identical
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twins. Of 18 patients, with renal failure secondary to glomerulonephritis,
who received isografts from their identical twin, 11 redeveloped clinical
evidence of glomerulonephritis, and 7 died with recurrent glomerulone-
phritis.32 Data pertinent to the pathogenesis of and recurrence of glomer-
ulonephritis have been obtained by finding circulating antiglomerular
basement membrane antibody in some anephric patients awaiting renal
transplantation.®® Placement of a renal graft in one of these patients was
associated with decrease in circulating serum antiglomerular basement
membrane antibody and the binding of host IgG to glomerular basement
membrane of the grafted kidney. The nephritogenicity of the antibody
fixed to kidney has been demonstrated in these studies. It was possible
to elute antibody from about half of the glomerulonephritic kidneys
studied, and some of this eluted antibody produced glomerulonephritis
when injected into monkeys. While fixation of circulating antiglomerular
basement membrane antibody may initiate some of the glomerular
lesions seen in allografts—a possibility supported by finding linear locali-
zation of IgG and Bic-globulin on glomerular walls in some allografts—
preformed antiglomerular antibody does not explain all of the glomer-
ular lesions seen in long-surviving renal allografts, since glomerular alter-
ations are seen also in patients whose original kidney disease was other
than glomerulonephritis. Chronic glomerular alterations also are seen in
long-surviving canine renal allografts.34 The chronic deposition of circu-
lating immune complexes may be another mechanism to be considered
in the pathogenesis of the chronic glomerulopathies developing in
long-surviving human renal allografts. Although the antigens of such
complexes await demonstration, consideration should be given to trans-
plantation antigens.

The immunohistochemical finding of abundant fibrin and relatively
little IgG in some glomerular lesions suggests a significant role for fibrin
in the pathogenesis of some glomerular lesions. Fibrin has been im-
plicated in the development of nontransplant glomerular lesions.2%-2! The
electron microscopic observations made on renal allografts suggests that
platelet and fibrin thrombi of glomerular capillaries become incorporated
into capillary walls.’® Repeated episodes of capillary thrombosis and
incorporation into capillary walls may lead to capillary wall thickening.
The possible factors initiating capillary thrombosis have deen discussed
(vide supra).

The least frequent chronic glomerulopathy seen in human renal allo-
grafts is characterized by undulating capillary walls. The resemblance of
this glomerular alteration to obsolescent glomeruli seen in renal vascular
disease may be more than coincidence. A similar glomerular alteration
is seen late in renal allograft rejection in the unsensitized, nonimmuno-
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suppressed rat at a time when effective renal blood flow is markedly re-
duced and the renal microvasculature no longer fills with injected Silas-
tic.# This supports the speculation that the wrinkled appearance of
glomerular capillary walls may be related to glomerular ischemia.

Summary

Light microscopic examination of 71 tissue samples from 42 human
renal allografts and immunoflorescence examination of 33 tissue samples
from 21 allografts were performed and the results presented.

Renal interstitial alterations consisted of infiltration by immature and
mature mononuclear cells and interstitial hemorrhage, edema, and fibro-
sis. Immunoglobulin G (IgG) was rarely demonstrated in the immature
mononuclear cells, but was seen in mature mononuclear cells. IgG, Bic
globulin (Bic) and fibrinogen were abundant in edematous interstitium.
Glomerular changes consisted of proliferation of endothelial and/or
mesangial cells, occlusion of glomerular capillaries by fibrin and/or
platelet thrombi, thickening of glomerular capillary walls, increase in
mesangial matrix, and undulation of glomerular capillary walls. Several
patterns of glomerular localization of IgG, Bic, and fibrinogen were seen:
slight to moderate granular and linear localization of IgG and B:c with
slight fibrinogen; slight IgG and B.c with pronounced fibrinogen locali-
zation on capillary walls and in mesangial areas; and abundant localiza-
tion of IgG and Bic on capillary walls in a pronounced linear fashion.
Vascular alterations consisted of acute necrotizing arteritis with semi-
discrete IgG and Bic globulin deposits in the vessel walls, obliterative
endarteritis with occasional IgG deposits on the vessel's endothelium,
and thrombosis of veins. Tubular alterations were frequent and varied.

These results provided a basis for a tentative morphologic classifica-
tion of human renal allograft rejection. The significance of the various
morphologic features of human allograft rejection was interpreted on the
basis of previous experience with renal allograft rejection under the con-
trolled immunogenetic conditions provided by using inbred strains of
rats.

References

1. Gurrmaxy, R. D, LivpQuist, R. R., Parker, R. M., CarpenTER, C. B., and
MERRILL, ]J. P. Renal transplantation in the inbred rat. I. Morphologic,
immunologic and functional alterations during acute rejection. Transplanta-
tion 5:668—681, 1967.

2. Lmpquist, R. R., GurtMmany, R. D., and MeRrriLL, J. P. Renal transplanta-
tion in the inbred rat. II. An immunohistochemical study of acute allograft
rejection. Amer ] Path 52:531-545, 1968.

3. Gurrmany, R. D., CARPENTER, C. B., Lixpguist, R. R., and MErrnL, J. P.



866

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

LINDQUIST ET AL. Vol. 53, No. 5

Renal transplantation in the inbred rat. III. A study of heterologous anti-
lymphocyte sera. ] Exp Med 126:1099-1126, 1967.

GarDNER, L. B., GurrMaxny, R. D., and MERriLL, J. P. Renal transplanta-
tion in the inbred rat. IV. Alterations in the microvasculature in acute
unmodified rejection. Transplantation 6:411-—418, 1968.

LmpQuist, R. R., GutrMany, R. D., and MERrriLL, J. P. Renal transplanta-
tion in the inbred rat. V. Histochemical studies of acute renal allograft
rejection. Amer ] Path 52:1145-1168, 1968.

LixpQuist, R. R., GurT™MaNN, R. D., and MERRiLL, J. P. Renal transplanta-
tion in the inbred rat. X. Acute allograft rejection in sensitized recipients.
Unpublished data.

Coons, A. H., and KapLaN, M. H. Localization of antigen in tissue cells.
II. Improvements in a method for the detection of antigens by means of
fluorescent antibody. ] Exp Med 91:1-13, 1950.

PorteR, K. A, and CaLnNg, R. Y. Origin of the infiltrating cells in skin and
kidney homografts. Transplant Bull 26:458—464, 1960.

DEMPSTER, W. J., and WiLriams, M. A. Cellular infiltration in homotrans-
planted kidneys. Brit Med J 1:18-23, 1963.

PortER, K. A, JosepH, N. H., Ranpary, J. B., StoLinska, C., Hoenn, A. J.,
and CaLNE, R. Y. The role of lymphocytes in the rejection of canine renal
homotransplants. Lab Invest 13:1080-1098, 1964.

GurtMaNN, R. D, and LinoQuist, R. R. Unpublished data.

SELL, S., Rowg, D. S, and GeLL, P. G. H. Studies on rabbit lymphocytes
in vitro. 3. Proteins, RNA and DNA synthesis by lymphocyte cultures
after stimulation with phytohaemagglutinin, with staphylococcal filtrate,
with antiallotype serum and with heterologous antiserum to rabbit whole
serum. ] Exp Med 122:823-839, 1965.

Howwm, G., PERLMANN, P., and WERNER, B. Phytohemaegglutinin-induced
cytotoxic action of unsensitized immunologically competent cells on allogen-
eic and xenogeneic tissue culture cells. Nature (London) 207:818-821,
1965.

HerrstrOM, 1., and HeELLstr6M, K. E. Recent studies on the mechanism
of the allogenic inhibition phenomenon. Ann NY Acad Sci 129:724-733,
1966.

MoLLER, G., Zukeskl, C., LuNDGREN, V., BECckmaN, V., and MoLLER, E. “In
Vitro Cytotoxicity by Non-immune Lymphoid Cells: Different Mechanism
of Action Between Various Cell Types.” In Advance in Transplantation,
DavusseT, J., HAMBURGER, J., and MATHE, G., Eds. Munksgaard, Copen-
hagen, 1968, pp. 67-77.

Murray, J. E., BaLankura, O., GREENBURG, J. B., and Dammin, G. J.
Reversibility of the kidney homograft reaction by retransplantation and
drug therapy. Ann NY Acad Sci 99:743-761, 1962.

LivpQuist, R. R., GurrManw, R. D, and MERRiLL, J. P.  Renal transplanta-
tion in the inbred rat. VI. Electron microscopic studies of acute allograft
rejection. Unpublished data.

O’Connor, F. J., Coucn, N. P., Linoquist, R. R., Damman, G. J., and
Murray, J. E. A correlation of angiography, histology and clinical course
in kidney transplantation. Ann NY Acad Sci 129:637-653, 1966.

PorTER, K. A., DOSSETOR, J. B., MarcHIORO, T. L., PEART, W. S., RENDELL,
J. M., Starzr, T. E,, and Temasaxi, P. . Human renal transplants.
I Glomerular changes. Lab Invest 16:153-181, 1967.



November 1968 HUMAN RENAL ALLOGRAFTS 867

20.

21.

26.

27.

29,

30.

31.

32.

33.

Braun, W., and MerrL, J. P. Urine fibrinogen fragments in rejecting
human renal allografts. New Eng ] Med 278:1366-1378, 1968.

Vassarrr, P., SmvoN, G., and RourLLer, C. Electron microscopic study of
glomerular lesions resulting from intravascular fibrin formation. Amer J Path
43:579-617, 1963.

Friebman, E. A., RETAN, J. W., MarsBaLL, D. C., HENRY, L., and MERRILL,
J. P. Accelerated skin graft rejection in humans perimmunized with
homologous peripheral leukocytes. J Clin Invest 40:2162-2170, 1961.

DaussET, J., and RaPaPoRT, F. T. Transplantation antigen activity of human
blood platelets. Transplantation 4:182-193, 1966.

CHase, R. M., Jr,, and RararorT, F. T. The bacterial induction of homo-
graft sensitivity. 1. Effects of sensitization with group A streptococci. J Exp
Med 122:721-732, 1965.

RapaPorT, F. T., and CHasg, R. M., JR. The bacterial induction of homo-
graft sensitivity. II. Effects of sensitization with staphylococci and other
microorganisms. ] Exp Med 122:733-744, 1965.

Terasaxt, P. I, TERasHER, D. C., and HauBer, T. H. “Serotyping for
Homotransplantation. XIII. Immediate Kidney Transplant Rejection and
Associated Preformed Antibody.” In Advance in Transplantation, DAUSSET,
J., HAMBURGER, ]., and MaTHE, G., Eds. Munksgaard, Copenhagen, 1968,
pp- 225-230.

Lmvpguist, R. R., Gurrmanw, R. D, and MerriLL, J. P. “Mechanism of
Renal Allograft Rejection.” In Advance in Transplantation, DausseT, J.,
HamBURGER, ]., and MaTHE, G., Eds. Munksgaard, Copenhagen, 1968,
pp- 611-616.

KoLxkER, P., HaMmPERs, C. L., HAGeR, E. B., and Lear, P. E. Characteriza-
tion of immunologically active substances from canine renal allotransplants.
Transplantation 6:131-137, 1968.

Kouvntz, S. L., WLiams, M. A., WoLiams, P. L., Kapros, C., and
DempsTER, W. ]J. Mechanism of rejection of homotransplanted kidneys.
Nature (London) 199:257-260, 1963.

WiLiams, P. L., Wriams, M. A., Kountz, S. L., and DeEmpsTER, W. J.
Ultrastructural and hemodynamic studies in canine renal transplants. J
Anat 98:545-569, 1964.

Horowrrz, R. E.,, Burrows, L., ParoneTTO, F., DREILING, D., and KAagk,
A. F. Immunologic observations on homografts. II. The canine kidney.
Transplantation 3:318-325, 1965.

Grassock, R. J., FELoman, D., Revvorps, E. S, Damavaw, G. J., and
MEerriLL, J. P. “Recurrent Glomerulonephritis in Human Renal Isograft
Recipients: A Clinical and Pathologic Study.” In Advance in Transplanta-
tion, Dausset, ]., HAMBURGER, J., and MaTteE, G., Eds. Munksgaard,
Copenhagen, 1968, pp. 361-364.

Lerner, R. A,, Grassock, R. ], and Dmxox, F. J.  The role of antiglomerular
basement membrane antibody in the pathogenesis of human glomerulo-
nephritis. J] Exp Med 126:989-1004, 1967.

34. PortER, K. A, CaLNE, R. Y., and Zuxoskt, C. F.  Vascular and other changes

in 200 canine renal homotransplants treated with immuno-suppressive drugs.
Lab Invest 13:810-824, 1964.

Miss Linda Krasinski and Nancy Jones provided skillful technical assistance.

[ Iustrations follow ]



868 LINDQUIST ET AL Vol. 53, No. 5

Legends for Figures

Fig. 1. Renal allograft rejection characterized by infiltration of interstitium by large
mononuclear cells. Hematoxylin and eosin. X 100.

Fig. 2. Higher magnification of large mononuclear cells which infiltrate interstitium.
Toluidine blue 0. X 540.

Fig. 3. Renal allograft rejection characterized by infiltration of interstitium by mature
mononuclear cells. The accumulation of mature mononuclear cells is patchy; inter-
stitial fibrosis is also present. Hematoxylin and eosin. X 35.

Fig. 4. Higher magnification of mature interstitial cellular infiltrate. Small lymphocytes
and plasma cells are evident. Basement membranes surrounding tubules are
thickened. Hematoxylin and eosin. X 250.
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Fig. 5. Renal allograft rejection characte
eosin. X 100.

Fig. 6. Renal allograft rejection characterized by interstitial edema and hemorrhage.
Hematoxylin and eosin. X 100.

Fig. 7. Renal allograft rejection characterized by interstitial hemorrhage. Hematoxylin
and eosin. X 100.

Fig. 8. Renal allograft rejection characterized by interstitial hemorrhage. Periodic
acid-Schiff. X 540.
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Fig. 9. Renal allograft rejection characterized by acute arteritis. Necrotizing arteritis
involves medium-sized artery and preglomerular arteriole. Fibrinoid necrosis of
p)vgelglomerular arteriole extends into glomerular capillary tuft. Hematoxylin and eosin.

Fig. 10. Renal allograft rejection characterized by acute arteritis. Hematoxylin and
eosin. X 35.

Fig. 11. 1gG localization in artery undergoing fibrinoid necrosis. IgG localized as
semidiscrete deposits. Elastic lamella is largely destroyed. Fluorescein isothiocyanate-
labeled rabbit anti-human IgG. X 250.

Fig. 12. Fibrin localization in artery undergoing fibrinoid necrosis. Fibrin is located
diffusely throughout entire vessel wall and extends to perivascular area. Fluorescein
isothiocyanate-labeled anti-human fibrin. X 250.
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Fig. 13. Thrombus with early organization occludes medium-sized vein. Hematoxylin
and eosin. X 125.

Fig. 14. A small vein is partially occluded by thrombus. Hematoxylin and eosin. X 250.

Fig. 15. An organized thrombus is partially incorporated into wall of medium-sized
venicrll. A mor)!(a zr,esgent thrombus is superimposed on organized thrombus. Hematoxylin
and eosin. .

Fig. 16. Chronic renal allograft rejection characterized by obliterative arteritis. Arterial
lumen is moderately narrowed by hypercellular intima. Periodic acid-Schiff. X 250.

Fig. 17. Chromc allograft rejection characterized by obliterative arteritis. Several
areas of fibrin deposcbon (arrow) are seen in slightly thickened arterial wall. Hema-
toxylin and eosin. X 250

Fig. 18. Chronic allograft rejection characterized by obliterative arteritis. Arterial
lumen is severely narrowed by intima thickened by loose connective tissue. Hema-
toxylin and eosin. X 250.
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Fig. 19. Chronic allograft rejection characterized by obliterative arteritis. Marked
fibrous thickening of intima narrows arterial lumen. Internal elastic lamella is inter-
rupted (arrow). Trichrome. X 35.

Fig.2 523 Foam cell projects into lumen of medium-sized artery. Hematoxylin and eosin.
X .

Fig. 21. Chronic renal allograft rejection characterized by obliterative arteritis. Fibrous
thickening of two arteries severely narrows lumens of vessels. Trichrome. X 35.

Fig. 22. IgG localization in artery with moderate intimal thickening. Intense blue
autofluorescence of internal elastic lamella is evident. Green fluorescence after a
tissue is exposed to isothiocyanate-labeled rabbit anti-human IgG is slight and consists
of patchy fluorescence on endothelium (arrows). Fluorescein isothiocyanate-labeled
rabbit anti-human IgG. X 250.
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Fig. 23. Acute allograft rejection characterized by thrombotic glomerulopathy. Some
glomerular capillaries are partially or completely occluded by eosinophilic material.
Hematoxylin and eosin. X 250.

Fig. 24. Acute allograft rejection characterized by thrombotic glomerulopathy and
i;tezr;toitial hemorrhage. All glomerular capillaries are occluded. Hematoxylin and eosin.

Fig. 25. Acute allograft rejection characterized by acute proliferative glomerulopathy.
Glomerulus is hypercellular with mesangial and/or endothelial cells occluding glomer-
ular capillary lumens. A mesangial and/or endothelial cell is in mitosis (arrow).
Hematoxylin and eosin. X 250.

Fig.25206. Axial giomerular hypercellularity in a renal allograft. Hematoxylin and eosin.
X .
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Fig. 27. Chronic allograft rejection characterized by membranous glomerulopathy.
Glomerular capillary walls are moderately thickened. Periodic acid-Schiff. X 250.

Fig. 28. Thin sections of kidney in Fig. 27 show thickening of basement membranes.
Mesangial matrix is also increased. Toludine blue O. X 250.

Fig. 29. Foam cells in glomerulus of renal allografts. Mesangial matrix is increased,
and some capillary walls are slightly thickened. Hematoxylin and eosin. X 250.

Fig. 30. Chronic allograft rejection characterized by membranous and mesangial
giomerulopathy. Hematoxylin and eosin. X 250.
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Fig. 31. Chronic renal allograft rejection characterized by undulating glomerular
capillary walls. Periodic-acid Schiff. X 250.

Fig. 32. Higher magnification of Fig. 31 shows wrinkling or undulation of basement
membrane. X 1250.

Fig. 33. IgG localization in glomerulus of renal allograft. Fluorescein isothiocyanate-
labeled rabbit anti-human IgG. X

Fig. 34. Higher magnification of Fig. 33 illustrates the linear localization of IgG along
glomerular capillary walls. X .

Fig. 35. IgG localization in glomerulus of renal allograft. Linear and granular localiza-
tion of IgG on apullary walls and mesangial areas. Fluoroscein isothiocyanate-labeled
rabbit anti-human IgG. X

Fig. 36. 1gG localization in glomerulus of renal allograft. Only slight fluoresence is
apparent. Fluorescein isothiocyanate-labeled rabbit anti-human IgG. X 250.

Fig. 37. Fibrin localization in same kidney as seen in Fig. 36. In contrast to slight
IgG localization, abundant fibrin is located on capillary walls and in mesangial areas.
Fluorescein isothiocyanate-labeled rabbit anti-human fibrin. X 250.
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