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Seventy-one human renal allografts treated
with immunosuppressive agents and two renal
isografts were biopsied 18 days to 8 years after
transplantation. The tissue obtained was studied
by immunofluorescent and immunoferritin tech-
niques using antisera to human immunoglobulin
G (IgG), immunoglobulin M, (IgM), BIC/B1A-
globulins, Clq and fibrinogen, and also to type 12
streptococci.

Deposits of amorphous material were detected

by electron microescopy on the subendothelial as-
pects of the glomerular capillary basement mem-
branes of 54 (76 per cent) of the 71 allografts.
Three of the grafts with subendothelial deposits
also showed focal collections of electron-dense
material on the epithelial surfaces of the capillary
basement membranes (subepithelial ‘“humps”).
Mesangial deposits were common in those grafts
that contained capillary basement membrane ac-
cumulations.

In 49 (90 per cent) of the 54 allografts with
subendothelial deposits, immunofluorescent ex-
amination showed IgM distributed along the glo-
merular capillary walls in a linear or finely
granular pattern. The IgM was accompanied by
complement (81C/B1A-globulins or C’lq) in 35
(65 per cent) of the grafts, by IgG in 16 (30 per
cent), and by fibrinogen in 12 (22 per cent) of the
grafts. The distribution of IgG and complement
was similar to that for IgM, but fibrinogen was
distributed in a focal mesangial pattern. The use
of ferritin-conjugated antisera showed that the IgM
and complement were localized in the amorphous
deposit on the endothelial aspect of the glomeru-
lar capillary basement membranes, in the inner
part of the lamina densa, and in the foreign mate-
rial in the mesangium.

Upon immunofiuorescence the three renal allo-

Recently we reported that, of 50 human renal allo-
8rafts biopsied 43 davs to 2 years 3 months after trans-
Plantation, 37 showed subendothelial accumulations of
dmorphous material on the glomerular capillary base-
ment membranes.s” In 27 of the kidnevs these deposits
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grafts with subepithelial humps exhibited addi-
tional, distinctive, nodular, “lumpy-bumpy” de-
posits of JgG, IgM, and complement along the
epithelial side of the glomerular capillary base-
ment membranes.

Immunoglobulins, complement, and fibrinogen
were absent from the glomeruli of 17 of the 18
renal allografts with normal capillary basement
membranes and from the glomeruli of one of the
renal isografts. In the other isograft there was
binding of fluorescein-labeled antibody to IgM,
C’lq, and fibrinogen in several of the glomeruli,
and ultrastructurally there was a thin linear sub-
endothelial deposit on some of the capillary base-
ment membranes.

It is suggested that the subendothelial deposits
of IgM and complement found in the glomerular
capillary walls of many of the allografts occurred
through the reaction of circulating antibodies
with antigens in the capillary basement mem-
branes of the graft. These deposits resembled in
many ways those produced by antiglomerular
antibodies in nephrotoxic serum nephritis.

By contrast, the large lumpy-bumpy subepi-
thelial deposits of IgG, IgM, and complement in
three of the grafts were probably caused by
transmission of active glomerulonephritis from
the recipient to the allograft. Similar lesions are
produced by circulating antigen-antibody com-
plexes in chronic serum sickness nephritis and
are regularly seen in acute poststreptococcal glo-
merulonephritis.

The changes in one of the two renal isografts
are discussed but cannot be explained adequately.

Additional key words: Kidney, Homograft, Allo-
graft, Isograft, Glomerulus, Glomerulonephritis
transmission, Immunoglobulin M, Complement.

were large, and the basement membrane thickening was
obvious under light microscopy; in 10 they were small
and only demonstrable with the electron microscope. It
was suggested that these lesions were caused by deposi-
tion of circulating antibody directed specifically against
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the graft. Two of the transplants were unusual in that
they showed additional. characteristic, subepithelial
“hlimps." 32 and in these cases it was considered probable
that there had been transmission of the recipient’s active
glomerulonephritis to the allograft. All of the patients
were receiving immunosuppressive treatment with azathi-
oprine which was either used alone or in combination
with prednisone.

It is the purpose of the present communication to re-
port the frequent occurrence of immunoglobulin M
(IgM) in these glomerular lesions. The immunofiuores-
cent findings are described in 51 human renal allografts
with subendothelial glomerular capillary basement mem-
brane deposits. in 3 similar grafts with subepithelial
“humps.” in 17 allografts that did not show any capil-
lary basement membrane changes, and in 2 renal iso-
grafts. Immunoferritin studies were undertaken in some
of the transplants.

MATERIALS AND METHODS

PATIENTS

Seventy patients with renal allografts were studied: 4]
from the University of Colorado Medical Center. Denver,
Colorado: 10 from the Roval Victoria Hospital. Montreal.
Canada: and 19 from St. Mary's Hospital, London, Eng-
land. The Denver patients had received kidneys from
living donors and each recipient is denoted by a number
preceded by the letters LD (Tables 2 to 4). The same code
has been used previously 3% 414244 and further details
of any of the patients can be obtained by referring to
these publications. The Montreal and London patients
had all received kidneys from cadavers. The Montreal
patients are denoted by a number prefixed by the letter
M: the London patients by their initials. All of the pa-
tients had had their own kidneys removed and splenec-
tomyv had been performed on the Denver and St. Mary's
patients. The thymus had been removed from 11 of the
Denver patients, six before (LD65. LD67. LD68, LD70,
LDI107. and LD10Y) and five from 250 to 520 days after
transplantation (LD30, LD40. LD41, LLD30. and LD34).
At the time of biopsy all of the patients were geceiving
50 to 200 mg. of azathioprine and 2.5 to 25 mg. of
prednisone per day. Thirty-four patients were being
treated with one or more of the antihypertensive drugs—
chlorothiazide, hvdralazine. reserpine, and methyldopa.
Eight patients (LD107 to LDI114) were receiving equine
anti-human lymphocyte globulin.#

Two patients with renal isografts were also studied
(Table 1).7- 41 Both individuals had undergone bilateral
nephrectomy but not splenectomy or thymectomy. At no
time had these patients been treated with immunosup-
pressive or antihvpertensive drugs.

TissUE PROCESSING

Tissue was obtained from each renal graft by open
biopsy after transplantation at the times indicated in
Tables 1 to 4. Two allografts (MS and M30) were re-
biopsied 14 months after the first sample had been ob-
tained. Each biopsy specimen was divided into three or
four pieces. One portion was fixed in 10 per cent neutral
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formalin or buffered formol-saline. embedded in parafin
wax. serially sectioned, and stained with hematoxvlin and
eosin, periodic acid-Schiff reagent, Weigert's stain for
elastic tissue, and methyl green-pyronin. Another part
of the biopsy was immediately cut into small cubes. fixed
in Palade’s buffered osmium tetroxide, and embedded in
Epon 812. Sections, 0.5 u thick, cut from these blocks were
stained with azure II and examined by light microscopy.
Very thin sections for electron microscopy were stained
with lead hydroxide, uranvl acetate, or a combination
of both, and examined in a Siemens-Elmiskop IA. The
third piece of tissue was snap-frozen in Dry Ice and alco-
hol or in isopentane in liquid nitrogen and sectioned in
a cryostat at 4 u, and the unfixed tissue was stained by the
direct immunofiuorescent method with fluorescein-la-
beled antisera.2" 4 In some biopsies a fourth part was
used for ferritin-labeled antibody studies.

PREPARATION OF ANTISERA FOR IMMUNOFLUORESCENCE

r\miser‘;, labeled with fluorescein isothiocvanate, were
prepared against the following: human IgG and IgM,
both of which were isolated by diethvlaminoethyl
(DEAE) Sephadex A-50 chromatography;® human g1C/
BlA-globulins (parts of C’3), which were prepared by a
column chromatographic method;*' human Clq (11 S
protein) purified according to the procedure of Morse
and Christian;* human fibrinogen isolated by the method
of Laki;** human albumin: rabbit y-globulin; horse -
globulin; and a heat-killed suspension of group A tvpe 12
streptococci. The antisera to human IgG, IgM. and
B1C/B1A-globulins were prepared in goats and rabbits;
the antiserum to rabbit y-globulin was prepared in a
duck; and those to human C’l1q, human albumin, equine
globulin, and type 12 streptococci were prepared in rab-
bits. Most of these antisera vielded single precipitin lines
against their antigens in whole human serum by immuno-
electrophoresis and by the agar double gel diffusion
method.*® The Huorescein labeling was performed as
described by Riggs ¢t al3 The labeled antisera were
passed through a Sephadex G-25 column before storing
and immediatelv before use were absorbed with mouse
liver powder. The antisera to human albumin and to
rabbit y-globulin were used as control stains, and in no
instance was positive glomerular binding obtained. The
specificity of the fluorescence was established by using an
inhibition test in which the sections were pretreated with
unlabeled antisera. Sections were also treated with con-
jugated antisera that had been absorbed with their spe-
cific antigens. In a few instances sections were treated
with acid buffers®t in an attempt to elute y-globulin from
the lesions in the renal allografts.

Unfixed sections from three apparently normal unused
donor kidneys from very recently dead subjects were
treated with the fluorescein-labeled antisera. There was
no glomerular localization of immunoglobulins, comple-
ment, or fibrinogen.

FERRITIN LABELING

The method for conjugating antisera globulins with
ferritin has been previously described.> #* Fragments of
the renal biopsies, after fixation for 1 hour at 0° C. in 3
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TapLE |. IMMUNOFLUORESCENT FINDINGS IN GLoMERULI OF Two Human RENAL ISOGRAFTS

Renal function at

Recipient time of biopsy Fluorescent microscopy®
Time biopsy
Donor taken :lnfler : i ; Complement :
* Sex and transplant ! [ i b
Patient no. ' age Disease? | Cer® Up‘;g’:a; 1 IeG . IgM Fibrinog
(¥r.) : | BI1C,/B1A C'lq
ml./min. © mg./100 ml. :

IDT?2 M, 18 CPGN Identical twin 2 vr. 3 mo. 115 37 i 0 0 0 0
MITI1 F, 15 >CPyN Identical twin 8 vr. 90 . 0 . 0 -+ 0 -+ +

s 0, Negative; +, slight in amount.

» CPGN, Chronic proliferative glomerulonephritis; CPyN, chronic pyelonephritis.

¢ Ccr, Creatinine clearance.

per cent formalin, buffered with phosphates at pH 7.2,
were washed and then cut into very small pieces under
the dissecting microscope in a cold room. The specimens
were then immersed in ferritin-conjugated antibody for
20 minutes at room temperature, washed three times in
buffer, fixed in osmic acid, and embedded in Araldite or
Epon 812. Some fragments were exposed to ferritin-la-
beled antiserum to goat globulin and 1o purified ferritin
alone in order to check the specificity of ferritin binding
in the tissues.1: 40

RESULTS

RENAL IsoGrAFTs (TABLE 1)

Erectrox  Microscopy. In one of the wansplants
(MITI) several glomeruli were completely fibrosed and
a few showed increased amounts of mesangial matrix.
The surviving glomeruli and all of those in the other
transplant (IDT2) were hypertrophied. Ultrastructurally,
the capillary basement membranes were generally normal,
although in both kidneys there were small subendothelial
thickenings and irregularities. A thin linear subendothe-
lial deposit (Fig. 1) was present in a few glomerular

Fic. 1. Electron micrograph of part of a glomerulus from a renal
sograft (MIT1) 8 vears after transplantation. There is a finc linear
Wbendothelial deposit (arrows) on the capillary basement mem-

Tane. There is slight fusion of epithelial foot processes and hyper-
Ehna of the mesangial cells (mnc). end. Endothelial cell; ep, epithe-

al cell. Lead hvdroxide; X 7000.

Fic. 2. Same renal isograft as in Figure 1. Frozen section treated
with fuorescein-labeled goat antibody to human IgM. Finely granu-
lar deposits of IgM arc present in some of the capillary walls and in

the mesangium. X600.
capillary loops of one of the grafts (MIT1). There were
focal areas of fusion of the visceral epithelial foot proc-
esses in both renal isogratts and mesangial cell hyper-
plasia in one of the kidnevs (MIT1). The endothelial
cells were normal and the capillary lumina were patent
and contained red cells and occasional platelets.
ImMUNOFLUORESCENCE. In one ol the isografts (MITI)
there was binding of fluorescein-labeled antibody to
IgM, C’1q, and fibrinogen in several of the glomeruli
(Table 1). The IgM and C’lq were distributed in a
finely granular capillary pattern (Fig. 2). The fibrinogen
was distributed in a predominantly mesangial pattern.
The second isograft (IDT2) showed no glomerular bind-
ing of fluorescein-labeled antisera.

RENAL ALLOGRAFTS

From 71 allografts, 73 Diopsies were available for
analysis. After electron microscopic examination the
biopsies were divided into three groups: those with nor-
mal glomerular capillary basement membranes, those
with subendothelial glomerular capillary deposits, and
those with subepithelial humps®? as well as subendothe-
lial basement membrane accumulations.

RENAL ALLOGRAFTS WITH NORMAL GLOMERULAR Cap-
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TasLE 2. CLINICAL DaTa on 18 PATIENTS WHOSE RENAL .\LLOGRAFTS SHOWED No GLOMERULAR CAPILLARY BASEMENT
MemBrANE DEPOsITS

. i ! | . . .

Recipient " Donor, sex, age (yr.), : Time biopsy taken *: Renal function at time of biopsy

! and relationship : after transplant i N 3 ) ]

Patient no. Sex and age (yr.) Disease® ‘ i i Cer ' Urinary protei

: } | (- - me./100 m.
LD17 3 F, 15 CPyN 3 F, 44, mother f 2 yr. 1 mo. ‘ 71 : 8
LD25 'i M, 33 : CPGN ‘ M, 29, brother ‘z 2 yr. ' 84 5
LD33 E F. 18 ﬁ CPGN | F, 42, mother ; L yr. 11 mo. L 184 0
LD34 | F.8 5 CPGN ‘ F, 30, mother x 1 yr. 11 mo. \ 59 ‘ 0
LD39 ; M. 17 CPGN F, 48, mother 1 1 yr. 10 mo. | 87 | 20
LD42 ? F, 19 ! CPGN M, 47, father 1 yr. 9 mo. 84 3 9
LD58 . M,27 | CPGN F, 23, sister 1yr. 9mo. ns 4
LD65 | F,3 : CPGN F, 41, sister 2 yr. 1 mo. 80 0
LD108¢ LM 33 CPGN M, 34, brother 414 mo. 126 10
LDI12 ‘ M, 29 1‘ CPGN F, 45, mother 315 mo. 134 | 10
M8 | M, 24 | Hydr F, 53, cadaver 1 yr. 2 mo. 50 100
M15 1 M, 22 | CPGN M, 34, cadaver 8 mo. 35 : 80
M2l ? MM, 37 ‘ CPGN M, 22, cadaver 7 mo. 80 i 80
M29 M, 25 ! CPGN M, 17, cadaver 79 da. 45 i 40
1J F.29 1 CPyN M, 9, cadaver 96 da. 55 | 0
EJ¢ F, + CMGN F, 22, cadaver 23 da. 25 i 0
JK M, 20 | CPGN F, 53, cadaver 104 da. 7 10
DP F, 24 : CPGN M, 13, cadaver 11 mo. 96 : 5

¢ CPyN, Chronic pyelonephritis; CPGN, chronic proliferative glomerulonephritis; Hydr, hydronephrosis; CMGN, chronic mer

branous glomerulonephritis.
b Ccr, Creatinine clearance.
¢ Binding of fluorescein-labeled antibody to IgM and C'lq.
4 Second renal allograft. The first transplant is listed in Table 3.

iLLARY BASEMENT MEMBRANES. There were biopsies
from 18 transplants in this group (Table 2). Only one
(LD108) showed glomerular binding of fluorescein-la-
beled antisera; in this kidney IgM and C’1q were de-
posited in a granular capillary pattern. Five of these
transplants showed more glomerular mesangial matrix
than normal.

RENAL ALLOGRAFTS WITH SUBENDOTHELIAL DEPOSITS
ON THEIR GLOMERULAR CAPILLARY BASEMENT MEM-
BRANES. There were 52 biopsies in this group from 51
renal allografts (Table 3). One of the kidneys (M8) had
shown no deposits when first biopsied, but developed
glomerular lesions in the following 15 montH§. Another
allograft (M30) that had been biopsied on two occasions
showed subendothelial glomerular deposits in both speci-
mens.

Light Microscopy. Thickening of the glomerular capil-
lary basement membranes was detectable in 28 of the
biopsies. This thickening was generally focal within the
glomerular tufts; less frequently it was a diffuse process
(Fig. 3). Sometimes it was accompanied by localized areas
of increased tuft cellularity and adhesions between tuft
and capsule. Epithelial capsular crescents and lobular
lesions containing trapped polymorphonuclear leuko-
cvtes were rare. The amount of mesangial matrix was al-
ways increased, often markedly so.

Electron Microscopy. In all 52 biopsies the glomerular
capillary basement membranes were altered by subendo-
thelial accumulations of amorphous material.3* The de-
posits were marked in amount in 3 of the specimens,
moderate in 16, slight in 16, and minimal in 17 of the

biopsies. The density and compactness of the deposit
varied; in four kidneys it was as though the lamin:
densa had been split and a broad band of loosely ar
ranged material inserted between the two layers. Com
monly, processes from mesangial cells extended into th
thickened basement membranes.2® In all of the biopsie
the epithelial and endothelial cells were hypertrophiec
and contained increased numbers of cytosomes, cyto
segresomes, and ribosomes; increased amounts of rougt
endoplasmic reticulum: and enlarged Golgi bodies. Multi
vesicular bodies and endothelial cytofolds!® were com
mon; centrioles were prominent and frequent. There was
fusion of the epithelial foot processes, and in 18 of the al
lografts there was hyperplasia of the mesangial cells. Epi.
thelial microvilli were present in several of the kidneys
In the more severely affected transplants the enlarged en:
dothelial cells caused narrowing and obliteration of some
capillary lumina. Intracapillary groups of monocytes and
lymphoid cells were frequent, and in the seven biopsies
taken during a rejection episode, capillary loops were
blocked by aggregated masses of platelets. In three of the
allografts many of the platelets were intermixed with
fibrin.

Immunofluorescence. IgM was present in the glomeruli
of 46 of the renal allogralts. It was distributed in a capil-
lary pattern, outlining the walls of the peripheral parts ol
the capillaries and occurring in the mesangium. In the
majority of the biopsies the fluorescence was focal within
the glomeruli; diffuse staining was only found in the more
severely damaged renal allografts. The staining of the cap-
illary walls was either linear, forming an uniterrupted
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TaBLE 3. IMMUNOFLUORESCENT FINDINGS IN GLOMERUL1 OF 51 HuMAN RENAL ALLOGRAFTS WITH SUBENDOTHELIAL CAPILLARY
BaseMENT MeMBRANE (bm) DEepPosiTs VisiBLe oN ELeEcTRON Microscory (EM)

Recipient 1 ; ! a{{:?r:le ioufngil(;g:y Fluorescent microscopy*®
| - | | Amount of |
| Donor sex, | Time biopsy ! glomerular | ;
! i age (yr.), and i taken after | | bca%illary‘ , ! Complement !
Patient sezgaend Disease” \: relationship | transplant 1 Cere ! Urinary ?J‘n EK(I)E“ i 1gG : IgM | : Fii?'rin-
no. e l E ! i protein | : giIc, | cn ogen
; q
\ ; | | | BIA ‘
: : i ml./ ! mg. ! i 1 !
1 [ min. 100 mi. | ! : !
LDél | AL3 CPGN F. 37, mother | lyn10mo. | 335 | n +++ Lo+ o+ o+ +
LD544 i M, 21 CPGN M, 38, unrelated 1 vr. 10 mo. i 89 ., 200 +++ ! + \ +++ + ! ++
LD63 i M. 35 CPGN M, 33, unrelated 1 vr. 10 mo. 95 |16 +++ 0 ++ | +++ + l bFo++
LDI18 i M, 39 CMGN F, 44, sister 2 vr. 2 mo. 61 | 13 + 4+ + + | + i t 0
LD27¢ | F, 20 CMGN M, 22, unrelated 2 yr. 59 90 ++ + i + : 0 0
LD30 I M, 40 CMGN M, 28, unrelated 1yr. 11 mo. 70 310 ++ i+ ++ o+ o
LD40 I F.21 CMGN F, 57, mother . lyr.10mo. | 62 18 ++ | + ++ + Lo
LD45 LM, 35 CPGXN F, 29, sister i 2yr. lmo. ' 65 20 ++ o | + o+ j 0
LD51 M, 18 CPGN F, 56, aunt ¢ 1yr. 11 mo. 1 92 4 +4+ + ! + + foo
LD60 M, 21 CPGN M, 23, cousin i lyrn.l0mo. | 90 5 ++ 0+ ++ o+ 0
LD70 F. 27 CPGXN M, 40, unrelated | 1 yr. 10 mo. 43 0 | ++ 0 i ++ 0 ++ 1 0
LD71 M, 37 CPGN M, 43, unrelated } vr. 10 mo. 72 o I’ +4+ o ! + 0 + 0
LDl | F, 27 CPGN | M, 25, brother . 4 mo. 187 12 ! ++ 0 | + ! 0 0 0
LDBS | M.,16 CPGXN F. 40, mother ! 2yr. 5mo. 10 200 ++ |+ +4+ + 0
MI13 I M, 28 CPyN F, 29, cadaver 10 mo. 50 0 ++ 0! 4+ + 0
DB % M, 37 . Poly M, 43, cadaver : 1vyr. 7 mo. 73 150 ++ 0 } ++ + 0
EN F. 24 « CPyN M, 21, cadaver H 1 yr. 5 mo. 112 30 ++ [ 0 | ++ 0 0
AR | M, 37 | CPGN | F, 4l.cadaver | 43da. P4 [ 200 ++ |+ 4+ + +
PW F, 22 i CPyN b F, 15, cadaver 1 yr. 8 mo. 61 ‘! 200 ++ | 0 ‘; + i 0 + i 4]
LD22 F, 15 Poly . F, 41, mother ! 2yr. lmo. | 66 34 + 0 + ! 0 l 0
LD48 M, 34 CPGN F, 29, sister Do2yr | 58 | 105 + | o] o+ 0 [0
LD55 M, 21 , CPGN | M, 49, father | lynllmo | 82 14 + o ! + 0 0
LD67 M, 36 ! CPGN M, 28, unrelated ‘ 2 vyr. i 54 300 + ) 0 | i) ] 0 0
LDé68 F, 24 . CPyN F, 23, sister i lyr.llmo. | 81 0 + 0 | + 0 0 0
LD75 M.19 | CPGN | M, 38, father lyr. 9mo. ' 78 12 + 1+ + | 0 + +
LD110 M, 36 CPGN | F, 34, sister 4 mo. Lo 0 + 0 +1 ++ + 1+
LD113 M, 24 CPGN | F,22,sister ! 33% mo. L1387 10 + 0 + + + 0
LDl114 M, 34 CPGN I M, 38, brother : 312 mo. i 75 0 + o ! + c 0 =+
Msg* M, 24 Hydr {  F, 53, cadaver l 2 yr. 5 mo. i 51 6 + ! 0 ‘ ++ Fa + 0
M30 [ M.29 CPGN | M, 57, cadaver 4 mo. 60 70 + 0 + + 0
M30¢ «; 1 yr. 6 mo. 74 63 + | 0 + + + 0
AE F, 24 CPyN M, 23, cadaver 1yr. 68 30 + o ! + + + 0
RE M,18 | CPGN | M,20,cadaver | lyr. 2mo. 59 30 + 0 o0 ¢+ o+ 0
RM M,8 ' CPyN | M, 13, cadaver | 1l mo. 40 0 + f + + + + 0
RM M, 17 ! CLGN i M, 38, cadaver byr. 65 100 =+ i 0 : ++ o | 0 0
Ms3¢ M, 21 | Good | F,65cadaver | 1mo. 0 0 = | 0 . 4+ o+ 0
LD37 M, 21 ' CPGN | F,43, mother lyr. 10 mo. | 159 22 + i 0 0 o ! 0
LD49 M,32 ¢ CMGN | F,4l,sister lyr. 10mo. | 70 4 + | 0 . + + 0
LD50 F, 16 CPGN | M, 38, father 2yr. 121 2 + | 0 i + 0| 0
LD52 F.15 | CPGN M, 56, father ' 1yr 11 mo. 103 8 £ 0 | 0 o | [
LD53 M, 15 . CPGN i M, 35, uncle ! 1 yr. 11 mo. 101 3 =+ 0 0 | 0 I 0
LDi07 F,15 . CPGN M, 21, brother © 5 mo. 119 10 + 0 + 0 | 4++ ; 0
LDi10s M,31 CPGN M, 34, brother i 42 mo. 107 0 + 0o ! + 0 + 0
:31 M,42 i CPGN M. 20, cadaver |  4}¢ mo. 55 50 + o ! + o+ 0
c:dz [ F,13 | CPGN | M, 38, cadaver | d4mo. 50 56 =+ o | =+ 0 0 =
{ M, 25 i CPGN { M, 43, cadaver i» 11 mo. 33 0 =+ 0 + 0 0
KF i M, 17 CPyN | F, 4l cadaver [ 1 yr. 10 mo. 124 0 + o | 0 | 0 ‘ 0
bL F, 30 i CPyN M, 44, cadaver lyr. 8 mo. 85 159 =+ o ! + 0 1] 0
EJ¢ F,44 | CMGN F, 38, cadaver 1 mo. 20 50 + o | + + +
Awé M,16 | CPGN M, 17, cadaver 18 da. 5 0 + 0 | + + 0
:L M, 24 : Poly F, 34, cadaver 1 yr. 8 mo. 72 0 =+ 0 + ES + 0
M M.32 | CPGN M, 17, cadaver 10 mo. 98 0 + 0 + 0 0 0
~——

0, Negauvc; =, minimal in amount; -+, slight in amount; + +, moderate in amount; + + +, marked in amount.

Hydr,
» Creatinine clearance.

g
. Biopsied during rejection episode.
Becong biopsy.

""‘_"Olh line, or granular, or a combination of the two
(Figs. 4 ang 5). In 24 of the transplants 31C/gl1A-globu-
tng were present; they were distributed in a focal, capil-
ki linear, or granular pattern (Fig. 6). In 16 of 24

¢ys tested with antibody to Clq, this fraction of com-
ent was present and the staining pattern was the
as for IgM. 1gG was found in 13 of the allografts,

CPGN, Chronic proliferative glomerulonephritis; CMGN, chronic membranous giomerulonephritis; CPyN, chronic pyelonephritis; Poly, bilateral polycystic disease;
. l'Yl‘-ll'onephrosis; CLGN, chronic lobular glomerulonephritis; and Good, Goodpasture’s syndrome.

but staining was only pronounced in one of these:
fluorescence within the glomeruli was capillary in pattern,
diffuse, and granular. Fibrinogen was present in nine of
the transplants and showed a focal mesangial pattern,
staining few capillary walls. Labeled antisera to type 12
streptococci and to equine globulin gave no glomerular
localization.




Fic. 3. Biopsy of renal allograft 2 vears 1 month after transplan-
tation (LD45). In this Epon-embedded, 0.5-4 section, there are more
mesangial cells and matrix than normal and the endothelial cells
are prominent. The capillary basement membrance thickening is

uneven and subendothelial.
membranes are split by
> 1000.

Several of the
mesangial cell

thickened basement
extensions.  Azure 11

Treatment of sections from four allografts (LD41,
LD54, LD63, and LDBS) with acid bufters alnst abol-
ished the renal glomerular Huorescence tor 1gG and IgM.

Immunoferritin. Treatment of glomerular tissue from
24 renal allografts with ferritin-labeled antisera demon-
strated that IgM, g1C/glA-globulins. and C’lg were all
localized in the collections ol amorphous material that
were seen by electron microscopy. Ferritin molecules were
densely clustered in the linear subendothelial capillary
basement membrane deposits (Fig. 7). and in the inner-
most part of the lamina densa. Ferritin was not found in
the outer part of the lamina densa or in the lamina ex-
terna rara. The maurix-like foreign material in the mes-
angium also became heavily labeled with territin. In two
patients IgG; was demonstrated in the capillary basement
membrane and mesangial deposits. The controls were
consistently negative.

RENAL ALLOGRAFTS WITH SUBEPITHELIAL HuMmPps As
WELL As SUBENDOTHELIAL DEPOsITS oX THEIR GLOMERU-
LAR CAPILLARY BaseMENT MEMBRANES. There were three
kidneys in this group (Table 4).

~
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Light Microscopy. All of the glomeruli were nbnorm&
Manv showed accentuated tuft lobulation and may|
capillary basement membrane thickening (Figs. 8 and 9,
Many of the tufts were hypercellular and some of the ip.
creased cellularity was caused by polvmorphonuclea,
leukocvtes. Epithelial capsular crescents were frequen,
In the renal allograft from patient RT, crescents were g
common as to give the picture of a rapidly progressiye
acute glomerulonephritis. Lobular and basement mepy.
brane lesions predominated in the kidneys from patieny
MI17 and LD73.

Electron Microscopy. There were dense hemispherica)
humps of homogeneous, electron-dense material on the
epithelial surface of the glomerular capillary basement
membrane in each of the kidneys (Fig. 10). A few of these
focal deposits lacked a lamina rara externa and resembled
Kimmelstiel's “variant A.” #* Impacted neutrophil poly.
morphonuclear leukocytes in various stages of disintegra.
tion and surrounded by fibrin and strands of basement
membrane-like material were common in the capillary
loops and mesangium (Fig. 11). In addition there were
subendothelial basement membrane deposits and the same
endothelial, epithelial, and mesangial changes as were
present in the other renal allografts (Fig. 12).

Immunofluorcscence. Intense staining for IgM, IgG,
complement, and fibrinogen was present in all of the
glomeruli of these three allografts. The IgM and IgG

Fic. 4. Biopsy of a renal allograft 3'% months after transplanta-
tion (LD114). Frozen scction treated with fluorescein-labeled goat
antibody to human IgM. There is localization of IgM in the capil-
lary walls of a glomerulus and in the cvtoplasm of a few infiltrating

mononuclear cells that are lving in the interstitium. X200,
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were distributed in a diffuse, capillary, coarsely granular
pattern which gave a beaded or “lumpy-bumpy” 5 ap-
pearance. In some capillary loops the immunoglobulin de-
posits were clearly on the epithelial side of the basement
membrane (Figs. 18 and 14). g1C/g1A-globulin and C'lq
staining was in a combined capillary, linear, and beaded
pattern (Fig. 15). The fluorescence for fibrinogen was mes-
angial and focal. There was no staining with fluorescein-
labeled antisera to type 12 streptococci.
DISCUSSION

Earlier we described the frequent occunrrence of suben-
dothelial collections of amorphous material on the glo-
merular capillary basement membranes of human renal al-
lografts.s™ That paper was based upon an examination of
biopsies from 50 allografts and one isogratt. The present
report gives the immunofluorescent findings in 40 of these
same grafts. but also includes the fine structural changes
and immune deposits encountered in a further 32 renal
allografts. in another renal isogratt. and in repeat biopsies
of two of the original allografts taken atter an interval of
14 months.

Our previous results obtained bv electron microscopy
are confirmed in the new material. Subendothelial de-
posits were present on the glomerular capillary basement
membranes of 54 of the 71 allografts in this series. In 28
of the kidnevs the basement membrane thickening was
obvious under light microscopy: this is a lower percentage
than in the first series. partly because of the exclusion of
several of the more severely affected allografts, and partly
because of the inclusion of 15 biopsies obtained in the
first 5 months alter transplantation.

The frequent finding by immunofluorescent and im-
munoferritin methods of IgM and complement in the
linear subendothelial deposits of the affected renal allo-
grafts was unexpected. There have been few immuno-
fluorescent and no immunoferritin investigations of trans-
planted human kidneys. Hamburger, Crosnier. and
Dormont.! when first reporting that severe glomerular le-
sions may occur in longer lived renal allografts. stated
ll_lat “fluorescent antiglobulins showed an elective fixa-
tion on the glomerular tuft(s)..." of the transplant in
their patient 8. Recently Hadley and Rosenau's found
[gG, glC-globulin, and fibrin deposited along the glo-

merular capillary basement membranes and in the mesan- -

gium in two of six human renal allografts biopsied dur-
ing a rejection episode. Those kidneys had been
transplanted for periods ranging from 3 to 18%% months.
Fish, Herdman, Kelly. and Good,'* however, failed to
find any localization of 1gG, IgM, IgA, or fibrin in the
Zlomeruli of seven treated human renal allografts when
they were biopsied 1 to 3 vears after transplantation, even
though glomerular capillary basement membrane thick-
(‘n.ing was present in six of their patients and g1C-glob-
“!ln was demonstrated in the glomeruli of three of the
Kidnevs. Only Williams and his colleagues®® mentioned
that IgM mav be deposited (together with IgA) in the
glomeruli. but they found that these immunoglobulins
were difhcult to demonstrate | or more vears after trans-
Plantation.

Deposits of amorphous material along the endothelial

HUMAN RENAL TRANSPLANTS. 1 165

Fi6. 5. Same renal allograft as in Figure 4. Frozen scction treated
with fluorescein-labeled goat antibody to human IgM. Higher power
view of finck granular deposit of IgM in glomerular capillary walls.
X500.

Fic. 6. Biopsy of a renal allograft 4 months after transplanta-
tion (LDI!10). Frozen section treated with Huorescein-labeled goat
antibodv to human gl1C/glA-globulins. There is localization of these
globulins in the capillary walls and mesangium of a glomerulus.
X250,

surface of the glomerular capillarv basement membranes
can be produced experimentally by antiglomerular anti-
bodies. In nephrotoxic serum nephritis'* and in experi-
mental allergic glomerulonephritis induced by immuniza-
tion with glomerular capillary basement membranes,*
the lesions resemble those which occur in human renal al-
lografts. There are endothelial. mesangial. and epithelial
cell changes but no subepithelial deposits. However, im-
munofluorescence shows that these chianges are accom-
panied by a uniform ribbon-like accumulation of y-
globulin and complement along the inner aspect of the
glomerular capillaries*® which lacks the finely granular
character of the deposit found in transplanted kidneys.
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Fic. 7. Biopsy of a renal allograft 1 year after transplantation membranes of two glomerular capillary loops. Ferritin is also |
(RM). The tissue has been treated with ferritin-conjugated goat present in the inner part of the lamina densa (ld). ep, Epithelial
antibody to human IgM. Ferritin molecules are present in the foot processes: end, endothelium; cap, capillary lumen; us, urinary
linear depasits (dep) on the endothelial aspects of the basement space. Xx12.000.
"
]
TasLe 4. IMMUNOFLUORESCENT FINDINGS IN GLOMERUL! OF THREE HuMaN RENAL ALLOGRAFTS WITH SUBEPITHELIAL HuMPs as WELL as
SUBENDOTHELIAL DEPOsITs VIsIBLE ON THE CAPILLARY BASEMENT MEMBRANES (bimm) BY ELEcTRON Micrcescory (EM)
; | Renal function at I . .
Recipient : | H b ! . Fluorescent microscopy?
ecipien | ] ) i time of biopsy Amount of . o 1er Py {
T b are g, | Tt flomerlar
Patient , s 4 i | and relationship transplant l Urinare bm deposit | Complement
agent | Serand Diseneh | o U e B BG I —————— Fibrinogen
: ! | ; ! CBIABIC T Cliq
; { i ml/min. mgi;w ‘ !
| ! ! | ; . ' I
LD73 | M, 26 ; CLGN ' F, 32, sister lyr.9mo. | 34 i 310 +++  ++ " +++ +4+ 4+t
MI17 . M, 18 | APGN | M, 8, cadaver | 7 mo. P45 0 ++ i ++ ++ ++ ++
RT ! M, 14 | RPGN | F, 34, cadaver | 1 yr. ;30 10 ++ ++ - ++ ++ ++
! ' | i : : ‘ ' :

¢ ++4 ., Moderate in amount; +-+-, marked in amount.

® CLGN, Chronic lobular glomerulonephritis; APGN, active proliferative glomerulonephritis; RPGN, rapidly progressive acute
glomerulonephritis.

¢ Ccr, Creatinine clearance.
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Linear subendothelial deposits of immunoglobulins and
complement have also been found in the glomeruli of
kidneys from patients suffering from Goodpasture’s syn-
drome,® systemic lupus erythematosus and certain
forms of glomerulonephritis.?* IgM has been identified
in some of these lesions.>3. 33

In nephrotoxic serum nephritis and in experimental
allergic nephritis, the deposits result from the reaction of
cdrculating antibodies with antigens which are attached
to or are part of the glomerular capillary basement mem-
brane. We think it probable that a similar mechanism
accounts for the glomerular lesions in treated human re-
nal allografts. but conclusive supporting evidence is lack-
ing. Indeed, the role of immunoglobulins at any stage in
the rejection of treated or untreated renal allografts is un-
settled. Their involvement is suggested by the studies of

‘ R 5 - wrll Y .C

Fic. 8. One of diseased kidneys of patient LD73 removed at time
of renal transplantation. The glomerulus is affected by lobular
llomerulonephrilis. Hematoxylin and eosin; x380.

“’2‘5"; 9. Biopsv of renal allograft 1 year 9 months after trans-

Wtation into patient LD73, one of whose own diseased kidneys is
1 in Figure 8. The glomerular tuft is lobulated and more cellu-
® than normai. and the capillary basement membranes are thick-
% The changes resemble those seen in the patient’s own kidueys.
&toxylin and eosin; X350.
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Fic. 10. Electron micrograph of same renal allograft as in Fig-
urc 9. Part of a glomerular capillary loop in which the basement
membrane is thickened by an amorphous subendothelial deposit.
Thei€ arc also two dense hemispherical humps (hu) on the epithe-
lial side of the capillary bascment membrane. me, Mesangial cell;
ep. epithelial cell. Lead hydroxide; x11,400.

Fic. 11. Electron micrograph of same rcnal allograft as in Fig-
ures 9 and 10. There are two ncutrophil polymorphonuclear leuko-
cytes (poly) in the mesangium. The endothelial cells (end) lining
the adjacent glomerular capillary (cap) arc enlarged. cap’, Capillary
lumen; mc, mesangial cell; mm, mesangial matrix; ep, fused epithe-
lial foot processes. Lecad hvdroxide; x6710.




Fic. 12. Another electron micrograph of same renal allograft as
in Figurcs 9 to 11. The wall of a glomerular capillary loop is greatly
thickened by a massive deposit (dep) on the basement membrane.
Most of the deposit is subendothelial. The mesangial matrix (mm)
is increased in amount, and processes (cp) from the mesangial cells
(mnc) extend into parts of the thickened capillary wall. cap, Capil-
lary lumen: ep, epithelial cell with fused foot processes. Lead
hydroxide; X8000.

Fic. 13. Same renal allograft as in Figures 9 to 12. Frozen scction
treated with fluorescein-labeled goat antibodv to human IgM.
Large, nodular deposits of IgM are present in parts of the glomeru-

. lar capillary walls, and smaliler amounts of the same immunoglobu-
lin are present in the mesangium. < 100.

LABORATORY INVESTIGATI

Fic. 14. Same renal allograft as in Figures 9 to 13. Frozen sectic
treated wjth fluorescein-labeled rabbit antibody to human Ig
Finelv granular deposits of IgG are present in the capillary waj

Fic. 15. Same renal allograft as in Figures 9 to 14. Frozen sectic
treated with fluorescein-labcled rabbit antibodv to human C’I
Large, nodular deposits of C’lq are present on the epithelial sic
of the glomerular capillary walls. x600.
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Hager'® in which antibody. consisting of a mixture of
IgG and IgM. was eluted from unmodified rejecting ca-
nine renal allogratis 6 to 10 davs alter tansplantation.
This author concludes that both groups of immunoglob-
ulin participate in the rejection process. There is also
evidence that humoral antibodies are formed by patents
with renal allograits. even when they are receiving stand-
ard immunosappressive therapy. Milgrom, Litvak. Kano.
and Witehskv.® using a mixed agglutination test with
cell cultures. found that these antibodies were difhcult to
demonstrate because they were Lugely adsorbed [rom the
blood circulation by the renal grait and only appeared in
high titers after removal of the transplant. Recently, how-
ever, Twasaki., Talmage, and Starzl?t have demonstrated,
by both direct and indirect antiglobulin consumption
tests, antibodies in the sera of eight of nine allograits in
the present series. but not in the serum ol the idenucal
twin with the renal dsogratt (IDT2), These antibodies
seemed to be 1gG. but it is probable that IgM and other
classes of antibody are also formed. as IgM synthesis ap-
pears to be more aesistant than IgG oo wermnent with
S-mercaptopurine.t = and presumably also to treatment
with azathioprine. Recent evidence from Zithlke and
Deodhar®t lends support to this idea. These investigators
lollowed the serum levels of ig\. 1¢G, and IgM in 13 pa-
tients before and alter transplantation of a renal allo-

., graft and found that alter transplantation the serum IgM

et
IR
ol

level rose and onlv fell during rejection episodes. The
IgA and 1gG levels did not change significantly. However,
it should he noted that commercial mmmunoplates were
used in this study and that the serum IgM elevation was
slight in patients who had undergone splenectomy. It is
also significant that rheumatoid factors, which are im-
munoglobulins of the Ig class with specific reactivity
for denatured Ie G, are frequently present in patients with
renal allografts.™ =2 # The majority  of the Denver pa-
lents in the present scries had positive latex fixation
tests, the exceptions being LD+l and the identical twin
IDTz" Kano and Milgrom®® found that after a renal
mft rheumatoid factors appeared in 3 to 6 weeks and
Persisted for periods up to 2 vears.
* A possible explanation of these events is that the pa-
tient initially produces antibodies, predominantly of the
SG. class, directed against the foreign histocompatibility
saugens of the renal transplant, and that when these im-
anoglobulins combine with the graft antigens in the
Merular capillary walls, the contormation of the IgG
.. gtered. This leads to production of rheumatoid factor
Pe IgM antibodies and secondary deposition of IgM on
t¥"ae,-.illt<?red capillary basement membranes. IgM anti-
+Y1es can fix complement and are often more potent than
l"“n ies of other classes. For example. in the rat the
= type of nephrotoxic antibody is approximately 60
. ves‘;'is ettective as 1gG ovpe in producing glomerular in-

€ glomerular lesions in the allografts could have
Caused by the recipient’s original disease. Host
= €ulonephritis has been transmitted to renal iso-
s 1456 ) experimental allergic glomerulonephritis

}
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renal failure resulting Irom glomerulonephritis received
renal transplants [rom their presumed identical twins.
Eleven redeveloped clinical evidence of glomerulonephri-
tis in the sograft. and seven died with recurrent disease
at intervals as long as 8 vears after transplantation.!s
Manv of the ultrastructural lesions found in these iso-
aralts resembled those seen in our allogratts, and nnmuno-
fluorescence revealed glomerular deposits of 1gG, glC-
globulin, and fibrinogen.

The minor ultrastructural and immunofluorescent ab-
normalities found in one ol the two renal 1sografts in the
present series are diflicult 1o explain. They could mean
that the changes which we are seeing in transplanted kid-
nevs are nonimmunologic and arise from some other un-
known cause. It is just possible that the identical twins
were not so identical as wus originally thought: it even
vaises the question of the absolute identicality of mono-
ngotic twins, Another explanation is that the patient’s
original disease was not chronic pyelonephritis as re-
ported.” but was glomerulonephrids. The histology of the
patient’s own kidnevs, which were removed some months
alter venal ransplimtation. was compatible with, but cer-
tainly not diagnostic ol “barned out” chronic glomeru-
lonephritis. The clinical course was suggestive ol chronic
pyelonephritis.

In the majority of the transplants in this series we do
not think that the glomerular lesions were caused by the
recipient’s original disease. for reasons given previously.®i
In three of the 71 allogralts. however, it does secem prob-
able that the changes in the tansplant were brought
about by transmission ol glomerulonephritis from the
host. The recipients of these grafts were unusual in that
they all were suttering from active glomerulonephritis at
the time of renal transplantation. In each ol the graflts
nodular deposits ol IgG, IgM, and complement were
present on the subepithelial surlaces ol the glomerular
capillary basement membranes, giving a lumpy-bumpy
effect on immunofluorescence. These changes are similar
to those found in the kidneys of patients suflering {from
acute poststreptococcal glomerulonephritis.t- 8 Experi-
mentallv, this tvpe ot glomerular disease occurs in acute
and chronic serum  sickness nephritis® % % in which
antigen-antibody  complexes. not immunologically  di-
rected against renal tissue. are filtered from the circu-
lation by the kidnevs and accumulate on the outer aspects
of the capillary basement membranes. Transmission of
glomerulonephritis from the host has been strongly sus-
pected in at least two other treated renal allografts.!®. 43
but it still appears to be a rare complication.
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