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ULTRASTRUCrJRAL smrsEs of the transplanted dog kidney
have been reported'"5. The ultrastructure of the human kddney, normal
and pathologic, has also been dcibeded3,ssu2 lat. Porter et al' have
described the ultrastructural chnges in human renal allografts and a
single isoraft, 20-30 months following transplantation. The variable
glomerular changes involved all cellular components as well as the
basement membrane. In a more recent report, Porter et alP7 described
densities in the glomerular basement membrane and postulated that the
pirgnosis of the graft may depend upon the reversibility of the injry
associated with the subendothelial densities. Hamburger, Crosmier, and
Dormont5 have described changes which were observed 1-3 and 6-20
months after transplantation, consisting of a mononuclear infiltration,
general modification of the intercapilary space, and zslight modifica-
tion" of the epithelial cells.

Sequential ultrastructural observations of the transplanted kidney in
man are rare and the changes associated with its immediate response to
the recipient's environment have not been described. We have found
these early changes to be impressive and this report considers their clin-
ical relevance.

Matea and Mh
B iesm 19 patients who underwent kidney transplantation are described.

All ptients were hospitalized at the ical Transplant Center at the Medical
Collge of Vfgiia. Ibe details of surgicl techniqu and an early immunosu-Mpresive program have been described previly.7 The total tiMe o renal ischemia
in reated lving dons varied between 15-30 mm, while in cadaver donors, about
40-5 min ea between the applition of the arterial clamp on the renal artery
in the donor and the estal t of fre bod w hug the rtpt's kidney.
Kidneys eved fim related living dons as wel as from cadaverc donors were
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perfused with 500 cc of Ringers-Lactate at 100C containing 10,000 units of heparin
and 25 gm of human albumin. Wedge biopsies were taken within 1 hr from the
time of completion of the vascular anastomoses, and in five instances, biopsies were
also taken from the donor kidney just prior to removal, so that direct comparisons
were possible.
The tissue for electron microscopic study was fixed immediately in cacodylate-

buffered 3% glutaraldehyde and cut into lmm cubes; postfixation occurred in
2% phosphate-buffered osmium tetroxide.18 Following dehydration in a graded
series of ethyl alcohol, the tissues were embedded in DER 332.11 Ultrathin sections
were cut on LKB Ultratome III or Porter-Blum MT-II microtomes, stained with
uranyl acetate and/or lead citrate, and examined with an RCA EMU 3G electron
microscope.

Results

Normal (Donor) Glomerulus

The structure of the normal human glomerulus was studied in five in-
stances. The majority of the ultrastructural features were similar to pub-
lished descriptions.14'021 In these 5 patients (E.B., W.C., R.C., J.L.,
and V.M.) the endothelium was normal with no thickening, distinct,
regular pores, and no arcades; the basement membranes were normal
showing regular thickness (2900-3500 A) and no densities; podocytes
showed distinct pedicels with no fusion; inflammatory cells were nor-
mal, there were no polymorphonuclea; leukocytes, and no fibrin; and
only Patient J.L. showed a trace of debris in the Bowman's space.
The endothelial cells lined the capillary lumen as a very attenuated

layer in most areas (Fig 1). Characteristic pores in the thin, peripheral
cytoplasm were regularly present. The endoplasmic reticulum was
quite inconspicuous and ribosomes were associated with it or appeared
free in the cytoplasmic matrix. The mitochondria were small (about
3000 A), and were localized in the area of the nucleus, with few paral-
lel cristae invaginating into the mitochondrial matrix. In this same
area, a few parallel lanellae and vesicles which represented the Golgi
apparatus, were observed.
The basement membrane was a homogenous, regular layer in most

areas and measured approximately 3000 A in width (Fig 1). It ap-
peared to consist of three layers-a denser, wider internal structure
(lamina densa), with less dense layers on each of the epithelial and en-
dothelial surfaces (lamina rara interna and externa). These three lay-
ers varied only slightly in density or thickness in most of the capillary
loops of the donor glomeruli.
The epithelial cells (podocytes) conformed generally to the descrip-

tions of Trump and Benditt.21 However, in some areas the cisternae of
the endoplasmic reticulum appeared more vesicular and dilated than
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was previously reported. Also, finely granular, cytoplasmic condensa-
tions were apparent in many of the pedicels, especially in the juxtabase-
ment membrane area. ITe foot processes were distinct (Fig 1) and fre-
quently invaginated into the less dense lamina on the epithelial surface
of the basement membrane. Fat droplets and multivesicular bodies
were rare.

"Debris," consisting of desquamated cells and large membrane-
limited inclusion bodies, was present within Bowman's space in 1 pa-
tient (J.L.). Various cellular organelles were described widiin the limit-
ing membrane-normal-appearing and degenerating mitochondria,
rough and smooth endoplasmic reticulum, and cytosomes. The number
of organelles varied considerably, but in most glomeruli there were in-
frequent cellular particles and inclusion bodies within the urinary space.
Capillary inclusions-polymorphonuclear leukocytes, desquamated cells
-were infrequently observed.

Oneh Bbop"
Profound endothelial alterations were observed in the 1-hour biopsies

from those cases which developed renal malfunction (Table 1). The ul-
trstructural changes appeared to be similar in most cases. Hypertrophy
and hyperplasia of the endothelial cells were noted frequently. This
often took the form of cytoplasmic arcades which were much more com-
plex and voluminous than those observed in normal (donor) human re-
nal tissue (Fig 6 and 7); endothelial pores were noticeably absent in
most areas. Frequently the endothelial cells and complex processes ap-
peared to occlude the capillary lumen. The hypertrophied endothelial
cells often exhibited an enlargement and dilatation of the rough endo-
plasmic reticulum and an increase in free ribosomes (Fig 5). When con-
sidering the 9 cases of early rejection, the endothelium appeared nor-
mal in only 1 patient (J.L.). The glomeruler endothelium of the 1-hr
biopsies from the 10 patients which demonstrated prompt renal func-
tion and continued to maintain normal function 2-7 months following
transplantation was usually similar to normal human glomerular endo-
thelium (Fig 3), (Table 1). In a few cases, minimal thickening of the
endothelium and a decrease in the number of pores were observed
(Fig2 and 4).
The basement membrane appeared much more variable (3000-20,000

A) in diameter in 8 of the 9 patients who developed early renal mal-
function. This structure contained more endothelial inclusions, and al-
terations in thickness and density were more frequently noted. In many
areas, definite lamina densa and rara could not be discerned due to
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what appeared to be a markedly thickened and/or edematous base-
ment membrane (Fig 7). Neither discrete subendothelial nor subepi-
thelial densities were present. However, irregular granular inclusions,
varying in size, density, and location were observed in the basement
membrane of some glomeruli (Fig 9 and 10). The ultrastructural
changes in the basement membrane were observed in the same cases
which exhibited changes of the endothelium and which were discussed
previously (Table 1). Only in patient J.L., where no significant endo-
thelial changes were observed, was the basement membrane also nor-
mal. The glomerular basement membrane usually appeared normal in the
10 patients who exhibited prompt functioning and continued to main-
tain their first transplant (Fig. 3, Table 1).
The pedicels appeared broad and confluent more frequently in

those cases which developed renal malfunction (Fig 6,7, Table 1). The
rough and smooth endoplasmic reticulum of the podocytes in many
glomeruli was also more vesicular (Fig 5), and the ribosomes were in-
creased in number in these same 9 cases. Cytoplasmic condensations,
observed primarily in the pedicels, were similar to normal renal tissue.
The podocytes, organelles, and foot processes usually appeared normal
in the 10 cases which demonstrated an excellent early and late clinical
course (Table 1). Large, membrane-limited, inclusion bodies or rem-
nants of desquamated cells (Fig 2), similar to those described in nor-
mal tissue, were observed within Bowman's space in 10 of the 19 trans-
plant cases. This material often literally occluded this space and was
more pronounced than in the normal renal tissue. When considering
the amount and morphology of the debris in Bowman's space, no signifi-
cant differences could be ascertained between the 9 patients who devel-
oped renal malfunction and the 10 who did not. However, the debris
was noted more in cases which developed malfunction.

Polymorphonuclear leukocytes were observed more frequently in the
1-hr biopsies than in normal renal tissue, often to the extent of near oc-
clusion of the capillary lumen. Ihe spatial arrangement between leuko-
cytes and endothelial cells was of varying degree-from close approxi-
mation of the cytoplasmic processes to what appeared to be cytoplasmic
continuity between the two cell types. Certainly this adherence of the
leukocyte to the endothelial cell was most intimate in those areas of en-
dothelial arcading (Fig 7). The leukocytes were more frequently ob-
served in biopsies from those patients which developed renal malfunc-
tion (W.D., S.G., W.J., N.K., J.L., E.Mc., C.S.) (Fig 8) as compared
to the biopsies from patients which had functioned normally (R.C.,
N.Mc., W.M.) where "few PMN's" were reported.
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It is interesting to note in this respect that 6 of 7 patients (Table 1)
that developed early problems and exhibited leukocytes within their
glomerular-capillary loops, had as their primary disease, pyelonephritis.
Two of 5 patients who had pyelonephritis and whose grafts functioned
satisfactorily, also displayed polymorphonuclear leukocytes in their
grafts.
The clinical significance of the above, however, is not clear since there

is a considerable amount of difficulty in the diagnosis of primary disease
at the terminal stage of renal disease, and the number of cases is rela-
tively small. All patients at the time of transplantation are free from in-
fection, have undergone hemodialysis, and are being treated with
Imuran and prednisone. Fibrin was observed in only 2 patients (S.G.,
C.S.); the former represented hyperacute rejection, the latter was tran-
siently anuric, with renal functions within normal limits 5 days post-
transplantation (Fig 8).
The results are summarized in Table 1. As noted, six kidneys were

cadaveric in source, and 13 were from related living donors. No con-
sistent, significant, cytological differences were noted when only the
source of renal transplant was considered.

Discussion

When a kidney is transplanted in man, it would seem reasonable to
assume that there must be immediate effects imposed upon the donor
renal tissue as a result of the new recipient environment. The ultra-
structural changes which may result from this new environment have
not been described in early human renal biopsies (1 hr), nor been cor-
related with a future clinical course of the patient. Porter1, 17 described
ultrastructural changes in renal allografts 1%-23 years after transplan-
tation. He reported broadening of the pedicels, hypertrophy and hy-
perplasia of the endothelial cells, an increase in the mesangial matrix
and subendothelial densities in these biopsies which were removed
months following transplantation. This same investigator17 associated
the amorphous basement membrane densities with incompatibility of
host and donor, and suggested that this material may be the deposition
of circulating antibodies. An interesting point was that many of these
same ultrastructural changes reported by Porter16' 17 were found in the
1-hr biopsies in our series.
The etiology of the glomerular alterations is not clear; however, circu-

lating antibodies may be responsible for these early changes. At this
point it is not possible to state the precise nature nor derivation of these
antibodies, but they may be a result of the host's original renal disease
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(antimembrane antibodies), a new reaction of the host to the graft, or
perhaps some other specific or nonspecific process(es). Experiments are
in progress in our laboratories to elucidate the above points. Antibodies
already present witiin the host at the time of transplantation and that
react with the graft are probably most likely responsible for any early
immunologic response i the newly transplanted kidney.

Alterations of the endothelium were observed in 8 of the 9 transplants
which developed early renal problems: rejection crises in the firt week
acute tubular necrosis, or serum creatinine greater thn 1.5 mg % at 2
days. These changes were marked and consisted of endothelial hyper-
trophy and hyperplasia as well as changes in the cytoplasmic organelles.
It would seem ulely that the cytoarchitectural alterations were due to
surgical technique, agonal changes, or perfusion, since the transplants
which demonstrated excellent early and late function with minimal to
no endothelial changes were treated in the same manner as the trans:
plants which developed early malfunction with endothelial alterations.
In only 1 patient (J.L) did the electron microscopic changes fail to
correlate roughly with the clinical course of the patient. In this instance,
the creatinine did not return to less than 1.5 mg % until 73 days post-
transplantation, and rejection crises were questionable.
Marked variations in density and thickness of the glomerular base-

ment membrane were observed in the same 8 patients who demon-
strated endothelial alterations and early renal malfunction. In these
cases, the lamina densa and rara appeared vohminous, irregular in
contour, and quite edematous in many areas of the glomeruli The
changes usually affected the lamina densa and lamina rara interna more
so than the lamina rara externa. As a result, it was frequently difficult to
discern the three layers of the basement membrane. Discrete amor-
phous or granular densities, as desCribed by Porter et d,j14.17 were not
observed within the basement membrane with any degree of consist-
ency. Infrequently, rather diffuse bodies were apparent within the base-
ment membrane; however, most of these were similar in density and
structure to the lamina densa, and in these cases, probably represented
fragments of is structure which had become disseminated or altered
in cytoarchitecturl detail. Basement membrane changes were minimal
or were reported as being similar to normal donor kidney in the 10 pa-
tients which demonstrated excellent function. Since these transplants
were treated identically to the 9 transplants which demonstrated renal
malfunction, it would appear that these alterations are not due to tech-
nique or to agonal changes, but instead, are due to the new recipient
environment of the transplant.
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Electron microscopic changes in the endoplasmic ret,iculum and pedi-
cels of the podocytes were demonstrated also in the majority of cases
whose kidney transplants developed early malfunction. The dilatation
of the smooth and rough endoplasmic reticulum may represent a non-
specific cytologic alteration; however, the increase in the number of
ribosomes is probably indicative of a modification in protein metabolism
and synthesis and of a response to this alteration in environment. The
remnants of cells, inclusions, or debris which often filled Bowman's
space in the 1-hr biopsies probably represent desquamated segments
of the podocytes, or portions of the epithelial cells lining the proximal
convoluted tubules. Certainly, spatial approximation between extended
cytoplasmic processes of the podocyte and desquamated cells was
noted. However, the mitochondria and endoplasmic reticulum within
these remnants and inclusions closely resembled those observed within
the cytoplasm of the cells of the proximal convoluted tubules.

In the majority of previous investigations involving human and canine
renal transplantation and chronic rejection crises, the plasma cell and
lymphocyte have been the most commonly described and implicated
cell types.5'10'17 In our experience with 1-hr biopsies, the polymorpho-
nuclear leukocytes were the most numerous infiltrative cellular type,
and were observed more frequently in those cases which demonstrated
early renal malfunction. Only a few plasma cells, lymphocytes, and
platelets were observed. There may be a close adherence between the
PMN and the glomerular endothelial cell, much like Kountz et ap de-
scribed between the plasma and the endothelial cell in the peritubular
capillaries of the dog. It would appear that the polymorphonuclear cell
is important in glomerular cytological alterations found in human renal
transplantation.

Fibrin was observed in only 2 patients, both of whom developed
early malfunction of the transplant: S. G. represented hyperacute rejec-
tion, whereas C. S. was anuric for 5 days, but following that time, dem-
onstrated excellent renal function. It would be difficult to attach any
significance to the presence of fibrin in these 2 cases. Certainly no fi-
brin was observed in the transplants which functioned well from the be-
ginning; however, there were cases similar to that of C. S. where fibrin
was not observed.

As noted in Table 1, it would appear that the source of the donor
(cadaveric or related living donor) could not be consistently nor signifi-
cantly correlated with the ultrastructural changes in the 1-hr biopsies.
We are confident in assuming that the ultrastructural changes between
the two groups, the 10 patients with excellent early and late clinical
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course, and the 9 patients who demonstrated early rejection, are not due
to agonal changes nor to technique, since all transplants and biopsies
were treated similarly. Therefore, it must be assumed that the kidney
transplant in man does react to its early recipient environment and
demonstrates ultrastructural glomerular changes in those patients with
early renal malfunction (acute tubular necrosis, early rejection, or cre-
atinine greater than 1.5 mg% at 2 days). It is hoped that by studying the
serial biopsies of these patients and by correlating the electron micro-
scopic changes with the clinical course of the patient, this specific en-
vironmental influence(s) of the recipient on the donor kidney may be
elucidated."'

Summary
Cytoarchitectural details in glomeruli were observed in 19 kidney bi-

opsies taken 1 hr after transplantation. Bowman's space frequently con-
tained large inclusion bodies. Polymorphonuclear leukocytes were seeh
in capillary loops in areas where the endothelium was thickened and
formed complex processes. The basement membrane was irregular in
thickness and contained densities of unknown significance. Fibrin was
observed in two biopsies; one kidney never functioned and the other
failed to function transiently. The severity of glomerular changes corre-
lated roughly with the future renal function of the graft, suggesting that
factors operating acutely in the donor or in the recipient are of greater
importance than generally acknowledged.

References
1. BERGSTRAND, A. and BucHT. H. Anatomy of the glomerulus as observed in

biopsy material from young and healthy human subjects. Z ZeUforsch
48:51-73, 1958.

2. CHURG, J., GmsmAN, E., Cou,sTEN, M. H., YUNIS, S. L., and PORUSH, J. G.
Idiopathic nephrotic syndrome in adults: A study and classification based
on renal biopsies. New Eng I Med 272:165-174, 1965.

3. FmTH, G. C., and TRUMP, B. F. The glomerular capillary wall in human
kidney disease: Acute glomerulonephritis, systemic lupus erythematosus,
and pre-ecampsia-eclampsia. Lab Invest 15:1682-1719, 1966.

4. FARQUHAR, M. G. "Review of normal and pathologic glomerular ultrastruc-
ture." Proceedings of the Tenth Annual Conference on the Nephrotic Syn-
drome. Metcoff, J. Ed. National Kidney Disease Foundation, New York,
1959, p 2.

5. HAMBURGER, J., CROSNIER, J., and DoRMoNr, J. Experience with 45 renal
homotransplantations in man. Lancet 1:985-992, 1965.

6. HOPPER, J., FARQuHAR, M. G., YAMAUCHI, H., MOON, H. D., and PAGE, E. W.
Renal lesions in pregnancy. Clinical observations and light and electron
microscopic findings. Obstet Gynec 17:271-291, 1961.



94 WEYMOUTH ET AL American Journal
of Pathology

7. HuME, D. M., LEE, H. M., WILLIAMS, G. M., WmTI, H. J. O., FERRE, J.,
WOLF, J. S., PROUT, G. R., JR, SLAPAK, M., O'BRIEN, J., KILPATRICK, S. J.,
KAUFFMAN, H. M., and CLEVELAND, R. J. Comparative results of cadaver
and related donor renal homografts in man and immunologic implications
of the outcome of second and paired transplants. Ann Surg 164:352-397,
1966.

8. KIMMELSTIEL, P., KIM, 0. J., and BERES, J. Studies on renal biopsy speci-
mens with the aid of the electron microscope. II Glomerulonephritis and
glomerulonephrosis. Amer J Clin Path 38:280-296, 1962.

9. KoUNIz, S. L., WIuLuAMs, M. A., WILLIAMS, P. L., KAPROS, C., and DEMP-
STER, W. J. Mechanism of rejection of homotransplanted kidney. Nature
199:257-260, 1963.

10. KuRTz, S. M. and MCMANUS, J. F. A. The fine structure of the human
glomerular basement membrane. J Ultrastruct Res 4:81-87, 1960.

11. LOCKWOOD, W. R. A reliable and easily sectioned epoxy-embedding me-
dium. Anat Rec 150:129-140, 1966.

12. MOvAT, H. Z., STEINER, J. W., and HUHN, D. The fine structure of the
glomerulus in actute glomerulonephritis. Lab Invest 11:117-135, 1962.

13. NEUSTEIN, H. B., and DAvis, W. Acute glomerulonephritis. A light and
electron microscopy study of eight serial biopsies. Amer J Clin Path 44:
613-626, 1965.

14. PFEIFFER, E. P., and MERRIL, J. P. Die autoagression der pathogenese der
diffusen glomerulonephritis. Deutsch Med Wschr 87:934-944, 1962.

15. PORTER, K. A., CALNE, R. Y., and ZuKOsm, C. F. Vascular and other changes
in 200 canine renal homotransplants treated with immunosuppressive drugs.
Lab Invest 13:809-824, 1964.

16. PORTER, K. A., RENDALL, J. M., STOLINSKI, C., TERASAn, P. I., MARCHIORO,
T. L., and STARZL, T. E. Light and electron microscopic study of biopsies
from thirty-three human renal allografts 1%-13 years after transplantation.
Ann N Y Acad Sci 129:615-636, 1966.

17. PORTER, K. A., DOSSETOR, J. B., MARciCIORO, T. L., PEART, W. S., RENDALL,
J. M., STARZL, T. E., and TERASAKI, P. I. Human renal transplants. I.
Glomerular changes. Lab Invest 16:153-181, 1967.

18. SABATINI, D. K., BENSCH, K., and BARRNETr, R. J. Cytochemistry and
electron microscopy. The preservation of cellular ultrastructure and enzy-
matic activity of aldehyde fixation. I CeU Biol 17:19-58, 1963.

19. SEIBEL, H. R., WEYMOUTH, R. J., HOLSTEN, M. E., and CRMG, S. S. Ultra-
structural glomerular changes in human homotransplants leading to ne-
phrectomy. Unpublished data.

20. TRUMP, B. F. and BENDITT, E. P. "The pathogenesis of glomerular lesions
in chronic human renal disease as seen with the electron microscope." In
Proceedings of the 58th Annual Meeting of the American Association of
Pathologists and Bacteriologists. Chicago, 1961, p 40.

21. TRUMP, B. F. and BENDrrT, E. P. Electron microscopic studies of human
renal disease. Observations of normal visceral epithelium. Its modification
in disease. Lab Invest 11:753-781, 1962.



GLOMERULUS AFTER TRANSPLANTATIONVol. 58, No. 1
January 1970

[I&Wm*iom folow]

95



96 WEYMOUTH ET AL American Journal
of Pathology

Legends For Figures
Key:

BM Basement membrane N Nucleus
BS Bowman's space P Podocyte
C Cytosome PED Pedicel

CL, L Capillary loop, lumen PMN Polymorphonuclear leukocyte
D Desquamated cell PO Endothelial pore

E, END Endothelium RBC Erythrocyte
F Fibrin RER, SER Endoplasmic reticulum
M Mitochondria

Fig 1. (upper) V. M. Normal donor kidney. Portion of capillary loop lined by attenu-
ated layer of endothelium, with pores (arrows). In most areas, basement membrane is
approximately 3000A in thickness. Pedicels of podocyte are distinct and nonfused.
x 9800.

Fig 2. (lower) V. M. One-hr biopsy. Patient had excellent early and late clinical
course. Basement membrane is uniform in thickness in most areas and quite similar
to normal. Endothelium is also similar to normal, with few areas of thickening. Pedi-
cels are distinct and Bowman's space contains many inclusion bodies and/or desqua-
mated cells. x 6750.
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Fig 3. (upper). R. C. One-hr biopsy. Patient had excellent early and late clinical
course. Basement membrane appears similar to normal (Fig 1) with few areas of
thickening and variations in density. Endothelium lines capillary lumen as attenuated
layer in which pores (arrows) are present. Pedicels of podocytes are nonfused and
evident. x 9800.

Fig 4. (lower) R. M. One-hr biopsy. Patient with excellent early and late clinical
course illustrating minimal ultrastructural changes. Basement membrane is more
variable in thickness and density, but probably within normal limits. There is no pro-
found arcading of endothelium, although pores are not distinct in this area. Pedicels
of podocyte are not fused and are distinct. x 6500.
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Fi 6. N. K. One-hr biopsy. Patient with early rejection. Hyperthrophied endothelium
with arcading (arrow) partially occludes capillary lumen. There is considerable vari-
ation in density and thickness of basement memnbrane. Erythrocyte is present Notice
fusion of pedicels. x 13,000.
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Fig 7. (upper) N. K. One-hr biopsy. Patient with early rejection. Glomerular loop con-
tains polymorphonuclear leukocyte. Notice thickening of endothelium, its arcading
(arrow) and obliteration of pores. Basement membrane exhibits irregularities in thick-
ness and density. Variable proximity of leukocyte to endothelium is well illustrated.
x 11,700.
Fig 8. (lower) S. G. One-hr biopsy. Patient with early rejection. Portion through glom-
erular capillary loop filled with polymorphonuclear leukocytes, fibrin, and erythrocyte.
Endothelium and basement membrane appear normal in this area. Fusion of pedicels
should be noted. x 7300.
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Fe 9. W. J. One-hr biopsy. Patient with early n. Basment menbrane shows
varations in thikness and density and granular deposits (arrows) can be pointed out.
x 8200.
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Fig 10. W. J. One-hr biopsy. Patient with early rejection. Basement membrane ex-
hibits deposits (arrows); no pores are present due to hyperthrophied endothelium,
and red blood cells are present in capillary lumen. Pedicels are fused. x 10,000.


