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By K. A. Portir, M.D., D.S¢.,, M.C.Pawa, T. L. MARCHIORO, M.D.,
and T. E. Starzr, M.D.

From the Department of Pathology, St Mary’s Hospital, London, and :he Department of Surgery,
University of Colorado Medical Center, Denver, Colorado

Priok to 1925 several renal heterotransplants were performed between various species. Most
of these either failed to function or excreted for only brief periods and those that were examined
microscopically showed acute tubular necrosis or infarction. During this time the only hetero-
transplants said 1o have survived for long periods were two feline kidneys transferred to dogs
{Avramovici, 1924); but when these eventuaily failed they were not examined microscopically.
i ; i ai neterodrunsplants have been recorded and those that have been
sive vasoconsiviction within a few minutes; when removed

&

suppressing the horograft reacuon, based on the use of the drugs 6~(1 -methyl-4-nitro-3-imidazolyl),
niopurine (* imuran ), precnisone and actnomycin C {Calne, 1961 6 Murray er al., 1962),
ere lias been a great renewal of clinical interest in the homotranspiantation of organs, particularly
kidneys {Transplantation, 1964). However, while the usc of volunteers as kidney donors has
obvious morui and iegal drawbacks, the use of cadaveric donors is handicapped by the uncertainty
of tae supply and the difficulty of ensuring that the organ transplanted is healthy.

Because of this dilermina there has, in the last year, been a re-exploration of renal hetero-
{ransplantation in man using sub-human primates as donors.  in this period at least twenty-two
such transplants have beer performed: thirtecn from chimpanzees (Hume, 1964 ; Reemtsma
i al.. 1964, a. b, and ¢; Reemtsma, 1965), cight from baboons (Hitchcock er al., 1964 ; Starzl
et al.. 1964 Wolcott, 1964} and one from a rhesus monkey (Reemtsma et al., 1964 a).

Six of the baboon-to-man renal heterotrunsplants were performed at the University of
Coiorado Medical Center between 20th December 1963, and 17th January 1964. In this paper
the pathoiogical changes they underwent are described.
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MATERIALS AND METHODS

They were ail adults of the species Papio doguera (olive or dog face baboon)
ally from Kenya. They had ail been in captivity for at least one year, during which
om from discase had been ascertained and they had been vaccinated and given
antibiotics and anti-parasitic agents. After the kidneys had been removed the
animals were autopsied and infections, infestations. and other abnormalities sought. In the liver

Cike animwe used in Cese oan od pocket of Hepatocystis (Plasmodium) kochi in
Ga. oo ether Nve males were free from disease.
Su500As Weie Bloou grouned. but occadse the red cell antigens of this animal do not
o human fuiinins, wo indirect methods of identification were used :
s salive o inhibit the activity of speeific antisera; and secondly,
fittaie numan orythrocyies {Moor-Jankowski et al., 1964).
the donor KiGneys, with une exception, were removed en
@ ocava and iranspianied to the right iliac fossa of the patient,

+ the exiernal iliac artery and ven (Starzi et al., 1964). The
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; Woeaception was SO where the baboon kidnoy
angd a;‘;x;‘;bphdi;ﬁ%} it mm cach e fossa. The donor xidneys
ent. fow molecular weizht dextran () normal saline to which neparin
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i CLoride tad ooen adacd.

Creatiient of Recipients —ii ail cases splenectomy and bilateral nephrectomy were performed
Gt e tmie of renal helerotrunsolantation.  Treatment with Imuran 150 to 200 mg. per day was
startediwo to ve days pre-operatively aad with prednisone 150 mg. per day two to five days before
transplanizuon,  Afler operation the administration of these drugs was continued in high dosage.
i addition 200 to 400 wg. per day of intravenous actinomycin C, and local X-irradiation to the
trarsplunt. 150 7 every other <day for three or four doses, were given cither prophylactically or
for the reatment of rejection.

Hisrolovical Studies.—Sections were stained routinely with h@&matoxylin and cosin, periodic
acid-Schifl’ reagent, Weigert’s for elastic counterstained with hamatoxylin and van Gieson,
vicro-Maliory 35, Martius yellow-scarlet-blue (Lendrum er al., 1962), Mallory’s phosphotungstic
2aid hematoxyin (PTAH‘; and methyl green pyronin. The Feulgen reaction and special stains
udan 3 und Masson 44/41 ’Lmur um er al., 1962y were used when indicated.

SUTH &8 St

CASE REPORTS

i.—The recipient was a 40-vear-oid man, biood group A rhesus-positive, who was suffering from terminal
vig due 1o chronic glomerulonephritis,  The donor was a 2049 kg. male baboon of blood type A. Hetero-
slaniabion was carried out on 20th December 1963, and during the procedure the right kidney was ischamic

ty-nine muauies and the el for thirty-seven minutes. The baboon kidneys excreted 8:7 litres of urine in
e first tweniv-tour hours and {rom ien onwards urinary excretion was 2 10 4 litres per day. The blood urea
nitrogen (BUNY which was 2i2 myg. per cent. just before operation, fell (o 45 mg. per cent. and the endogenous
creatnune ciesrance (CrCh rose to 65 ml. per minute. Prophylactic actinomycin C and locai X-irradiation were given.
On the dfth, ninth. and sixteenth duys puimonary cmboii occurred.  Heparin therapy was begun after the second
cmboiis 1 at ine ume of the third, as the thrombi secemed to be coming from the left calf, the femoral vein on
that side was ued.  However, the patient developed a pneumonia and died twenty-three days after renal trans-
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pianiation.

{mraediately hefore renal heterotranspiantation the paticnt’s blood pressurc was 140/95 mm. Hg; afterwards
e bocame noraoiensive and remaired so until his death. At no time did he develop a clearly recognisable rejection
episede, but some impairment of renal function was apparent terminally.

Necropss Findings.—The puimorary drtgry supplying the right lower lobe of the lung was occluded by a septic
thrombotic embolus which lay astiide the first bifurcation. A large part of that lobe was necrotic and infected
producing an abscess; the remainder of the lobc was atfected by confluent pneumonia. Early bronchopneumonia

tavoived the remainder of the right fung and all lobes of the left lung. The responsible organisms were E. coli and
Ps. eraginosa.  There was mild infammation of the tail of the pancreas with some adjacent fat necrosis. The
source oi the emboh was not founc.

Hererotransplanted Kidnevs.~—The right kidney was surrounded by 400 ml. of blood clot. Both kidneys were

.65 g.; left, 70 g): normal baboons of the age and weight of those used in this study have kidneys
which welgh from (6 to 41 g. each. The renal capsules steipped casily leaving cortical surfaces that were lightly
speckied with pin-point hemorrhages. The cut surfaces of the kidneys bulged. All the vessels, including the
anastomoses, were {ree from thrombus, even though the vessels on the right appeared to be compressed by the
The ureters were patent.
RS *mmu ihe glomeruil were normal except for prominence of the parietat cells of Bowman's capsule
¢ thae proadmal convoluted tubules and the luming contained casts
aedematous merstiium was 4.v,\v.:y infiitrated with cells which were
wo woriex of both kidneys (Fig, ). Many of these cells were plasma cells and smali
. were *.“Qu tymiphoid ¢ cm wi.h pyroninophilic cyloplasm, a large pale nucleus
I WETC costirophils and a few were mononucicars showing erythrophagoeytosis.
nd somie wore siild within peritubulur capiliaries,  Double or (reble
m‘ nal sl interstitial biemorrhages were present. Several inter-
laleiets, and fymphouyles ;v athers there was slight fibrous intimai
stic danuna. The fater change was also seen i three control
aeaplivity for sinudar periods o those used in this study. Many
ew Liny tocdl infarcts were present in the superticial cortex.
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Fra. 1
slant from paticat SD1 who died at twenty-three days us the resulr of
This patient never experienced a definite rejection episode.  The

boon renal heterotrans
ermbo

E,
4 septic pulmonar

@dematous intersi s heavily infiltrated with fymphoid and plasma cells. Note the swollen
epithelial cells {orming the parietai layer of Bowman's capsule.  (H. & E.) =150,
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BALOON nBENAL Ik

. bicod groud O ricsus- sgative, who was i er ninal ureni
17-3 kg. male baboon o1 bivod ype B. Renalheterotranspl
: al ischamia time of forty-four minutes. The baboon kidaeys ¢
Sur hours, and the patient’s BUN feli from 59 mg. 10 18 my. p
CrCl uitimately rose o 1177 ml. per minute. Three rejeciion episodes
nd was partially reversed by the administration of actinomycin C alone

1 saarted at nine & with actinomycin C and focal X-irradiation, and was also partly reversed ;
me onsel of whe third was at afteen Cays and this proved irreversibic despite the use of actinomycin C and local
Worraciation.  Taese rejection crises were sirniiar to those seen in homotransplants in that at these times the urine
celume, urinary sodium and chioride concentrations and ihe CrCl feli, whilst the BUN and serum creatinine rose.
Al these times the transplants were oiten swolien and tender. Early in this patient’s course a septic embolus caused
an infarct which later became a puimonary abscess. Rupture of this abscess produced a bronchopleural fistula
and un empyema which were treated at ten days by left lower lobectomy and lingulectomy.

srior 10 heterotransplantation tic patient’s blood pressure was usually about 150/100 mm. Hg. Post-
ooeratively chiorothiazide 1 g. per day was given and the blood pressure fell to normal levels and remained there
until the onset of anuria when he again became hypertensive. The patient became anuric at twenty-five days and
ained s undil his death thirty-five days after renal heterotransplantation from uremia and Ps. wruginosa

pericardivs and the heart wis eniarged (520 g duc o icft ventricular
L was present in boti fungs Que o £ coli and Ps. wruginosa, and there
mecrotie centre in the left upper lobe. The bone marrow was hypoplastic with depression

ly eniarged (right, {80 .- teft, 150 g.) and their sub-
agic infarcts which on the cut surface extended deep into
cories anc veins and their anastomoses with the iliac vessels were unobstructed and free
< of baboon aorta contained inminated blood clot. The ureters were blocked
sladder, and their waiis were thickened and hamorrhagic.

i of the kidney was occuped by heemorrhagic infarcts,  Between these areas some of the
Abrinoid recrosis and there was extensive recent and rather older tubular damage with
and protein,  Regenerdlion of wibular epithelium was OUCUFTING ds witniessed by mitoses and new
colis, The very axdematous interstitium was infiltrated with the same sort of cells as were seen
higher proportiv:: of seutrophiis and cosmophils. There were exiensive haomorrhages and some

{
pools ol Fibrinowd necrosts of the walls of interiobular arteries and afferent arterioles was seen, and many
S tae mierlobular arteries were blocked cither by hibrin and plateict intimal deposits or by older fibrous intimal
thichening.  These Changes were accompanied by muitiplication of the internal clastic lamina in these vessels.
There was SOME recent venous thrombosis. )
$D3.—-The patient was a 17-year-old man, bilood group AB rhesus-positive, who was in terminal uremia due
to chironic glomeruionephritis. The jonor was a 164 kg. maie baboon of biood type B. Renal heterotransplantation
was performed on 8ih January 196+ ; the Kidneys were ischeemic for 34-5 minutes. The baboon kidneys excreted
297 fitres in the first twenty-four hours, and during the same period the BUN fell from 92 mg. to 67 mg. per cent.
and the CrCl rose to 37 ml. per minute. A rejection episode started at five days but was partly reversed by local
N-irradialion zione.  Slow improvement occurred and by the eighteenth post-operative day the CrCl had risen
b, per minute, but the BUN sornained clovated. A second rejection crisis started at the fiftieth day and was
anied DY swelling of the hewerotransplants which produced massive wdema of the right lower leg. Partiy
is comphication the daooun Kidneys were removed sixty days after transplantation and replaced by a
Belore hewrotransplaniation tie pitient’s blood pressure averaged 190/100 mm. Hg;
he was st hypericnsive, but treatment with hydralazine, chlorothiazide and guanethidine
¢ pressure () normal fevets.
Kidnevs. - Both Kidaeys were preatly endarged (right, 140 g.; feft, 120 g.); the capsules
aees that were motiled with large hemorrhages and yellowish infarcts. The renal
s were atl unobstructed,
bvpertropiicd, thare was sonw Cickening of the wil capiffury basement
ot Bowimuit's capstic were cubial, and the juxtagiomeruiar granules
(s, 3 oand 9 There was quch patchy reeent tubular necrosis,
abules ©omany nephrons had been completely destroyed, active
G shown Dy ruioses and acw Aut basophiiic ceils.  In many tubuies
S ConEincd wshouyion.  The merstitiueg was grossly adematous and
L ccils, furges pyrontnophilic {ymphoid cels, and cosinophils (Fig. 3).
TR R s Hed it a paichy lashion. Gecusional mitoses were seen.  In
Celis were also present which had cnguited large masses of
5LV gen reaction afte appiication of ribonuclcase); they closely
i tupus ervthematosus (L colls).  Many peritubular capillaries had been
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Fio, 3
Buboon renul heterotr insplant removed at sixty, days from patient SD3 who was in rejection for
the second time.  There is some thickening of thu \,[omu‘ui.n- ".xpiilury basement membrancs,
the parictal cells lining Bowman's space are swolien and nfiitrating host ceils are pn.sgnt in the
interstitium.  Some pu'.tubular capillaries are disrupted. (H. & E.) =450,

G, 4

from paient SD3. Tac extactomerular cells have vacuolated cytoplasm
ranules. {Periodic acid-Scitf.)  ~450.

Renai freterotranspi
and con .im an increased aumber of PAS-positive @
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plasma celis, cosinophiis,

KENAL HETEROTRANSPLANTS

jurm s asdematou

Wb & b

iematous interstiium is heavily intiftrated with
s widespread tubular damage. (H. & E.) # 225,

iole shows miarked jibrinoid aecrosis olils
Hitrated with lymphosd and plasma celis,
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five, who was i termina: uremia due
diype B. Renal heterotransplantation
nutes,  1he buboon kidneys excreted
3G the patient’s BUN fell from 132 mg.
L cighth day a rejection episode started which
ton. Some improvement was obtained but a
e owas wrcated with actinomycmnn C and local
wpiantauon the baboon kidneys were removed

¢ 1 the TIest dweaty-Tour i
cent and the Crdorose 1o
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'nmw wpl iantation the patient’s blood pressure averaged
nnn He Aferwards tie pressy Y an average m 1707100 mm. Hg, but improved no further despite
S wilh ydralezine, reserpine, chiorotiazde, and guancthidine, ¥

Kiddneye - -Boih Ldine

Cys Were me,‘,u. ‘..L,ni 96 g. lelt, 92 g.) and their subcapsulur
motiled with u‘gu i

yu:owu b infarct. The renal vessels and their

AU WOHTT
. smnmsu wre

:ry basement membranes, fibrinoid necrosis
and there was general hypertrophy of the

U out this was lar less promunent and widespread
rseifiuim was aedematous and there was a diffuse, but light,
yrapnocytes,  Two or three nuclel were common
ar capliiarics and desiruction of these vessels was
>s and some intericbular arteries showed fibrinoid
ing & true anerits (Fig. 75, Fibrino-platelet and
elastic lamina were seen in several interlobular and
LOWCTS T more severe than any encountered in the three control
s completery obstrected.  Focal infarcts were common.
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man, olood group O rhesus-negative, who was in terminal uremia

The gosor was a 157 kg, female baboon of blood type AB. Renal hetero-

[E N‘mz.y 1964, with a renal ischemia time of 27-5 minutes. The baboon

twentv-icur hours, and during the same period the patient’s BUN

L rose (o 34 mi. per minute. Rejection started at four days and was
: A sccond ;qucr cn crisis started at seven days and was

sunilariy treated w s inereased (XO\L\ of prednisonc.  This was ineffective and anuria occurred

on the wenth day aber ivanspian satient did rom uiemia niine days aer.

Before rewroransplaniation e !_,'(..«,n; > ciood ,Mu.\u\ sveraged 160100 mm. Hyg; afterwards his pressure

T ; : Crine, rodiiazide, w-methyi-dopa and hydralazine.
rinous senwardiis and gosevere wsopnagitis due o Candida albicans.,

Uit

¢ omoaeTaey suc«.‘cs mx v

worodert, IO ga), uniform purplish-red and
meduiia. ’. hie calyees, pelves, and ureters
s were free from ante-mortem thrombus.,

h my of the interlobular arteries were
orinoid necrusis of vessel walls was common,
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¢ days from patient Si24 who was in rejection

orinoid necrosis and celiular infiltration of part
¢ jamina. The interstitium is cedematous

cigert's clastic gggvan Gieson.) #265.

vt omoved at forty-nis

Iy ) intetiobulir artery shows
Jis Wik gocompanied by rupture of the internal ¢
and there o o focus of innitrating host celis. {

wery shows fibrous intimal
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Renal heterotranspiant {rom patient SD6 who died at forty-nine days whiist in a third rejection
ceisis.  An interlobular artery is completely blocked by fibrin, platelets and a few lymphoid cells.
(R

x

of small lymohocytes with fewer plasma cells and the larger type of pyroninophilic cells. Eosinophils were scanty.
Many periubuiar capillaries had been destroyed and there was fibrinoid necrosis of the walls of afferent arterioles
and interiobular arteries. Several of these latter vessels were blocked by fibrin and piatelet deposits on the intima
(Fig. 9). Some small veins were thrombosed. These vascular changes were accompanied by many focal infarcts.

DISCUSSION

Ali the heterotransplanicd baboon kidneys were enlarged.  This was mainly due to interstitial
Qdema and was least apparent i the patient (SD1) who never experienced a clinical episode of
rejection.  Fuman homotransplanted kidneys arc also usually swollen during rejection for the
same teasan (Porter ef al., 1963).  However, whereas homotransplanted kidneys may be speckled
with petechize, they never show the dramatic blotchiness due to farge hamorrhages and infarcts
were seen in ihe baboon heterotransplants.  Haemorrhages were also a feature of two rhesus
Shey Ridacys wileh were transplaated imo a woman. but in the account of this case no mention
. ef al. 1964 4. The chimpanzee-to-man renal heterotransplants.
Leo O Bave sHOWR oniy tiie range of gross changes that arc customarily met with in human

i i {Reeatisma or @l., 1964 ¢,
sopicaliy e heavy ceilular inflitration was reminiscent of that seen 1n some untreated
fomotrmaspianis, and it would appedr that this was also a feature of the rhesus
sotransplanted 1nio @ woman (Reemtsma ¢z al., 1964 @), Adequately
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o humun renal homowansplants rarely show anything approuaching this degree of cellutar
invasion (Porter ¢f al., 1965}, and a much milder wfiltration seems also to be the rule in chimpanzec
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[, 19Ed o). Bosinophils were common in the babom
and erytarophiagocyiosis was seen. T ese are not
nants (although ian ion of canine kidneys by ecosi
ve chey been mentioned in the descriptions of the other simuun
A Vitoses were occasionally seen in S, an unusual finding in toaiie
nomoiranspianis (Porter ef ¢l., 1965). Aithough bizarre plasma celis with up to

ciel are sometimes seen in all treated renal transplants, they seemed particularly
i in the baboon kidneys.

Just as :n other simian renal transplants (Reemtsma ¢t al., 1964 a, ¢), canine homotransplants
{Porter er al., 1964) and human homotransplants (Porter ef al., 1965) from treated recipients in
a regjection phase, fibrinoid necrosis of the walls of afferent arterioles and interlobular arteries
was frequent. However, there was a tendency for the necrotic walls to be infiltrated with lymphoid
and sometimes granulocytic cells producing a histological picture similar to that seen in acute

m\“uu)tls nodosa. This is not usually a feature of rejecting human renal homotransplants
. 963} All the baboon kidneys reccived one or more courses of local X-irradiation
wore of humans and baboons is similar, three of the pairs of baboon
A bicod pressure in the human recipient. These facty tuken in
to support anv ciaim that the vasculonecrotic lesions had arisen
| However, whea the same type of lesion is known aiso to occur in
< and untreated human and canine homotranspiants, even where the recipient remains
sive, It seems more reasonabic to suggest an antigen-antibody reaction as the possible
cause.  The arguments agaiast the arterial and arteriofar lesions encountered in human renzi
funts being duc nypnlcnszon. X-irradiation or the administration of various drugs,
fave been ¢ cisewnere u’omm eral., 1964,1965) and the fargely circumstantial evidence pointing
o un imznano%og;wi cause has also been considered (Porter er al., 1964). In the cases of
chimpuaazee-to-man renal helerotrunsplantation there was some suggestion of a rise in circulating
cytotoxic antibody occurring dur mg rejection, a time when vasculonecrotic lesions were also
being Tound (Reemisma ef di., 1964 ¢).

Two of the baboon renal heterotransplants showed thickening of the giomerular capillary
basement membranes by PAS-positive material. As there was evidence of absorption of anti-
baboon erythrocyte heteroaggiutinins by the renal cells (Starzl er al., 1964) this thickening could
just possibly have been due to deposition of antigen-antibody complex.

CADPOSEd o 4

homotran

SUMMARY

S:x baboon-to-man renal heterotransplants, each consisting of a pair of kidneys, were
examined. Two nad been removed from their recipients at forty-nine and sixty days after trans-
wiantation because of the ever-increasing doses of immunosuppressive drugs needed to control
4‘&._;&.(10& . the other tour pairs of kidneys were examined after death of the recipients at nineteen,
twenty-three, tiurty-five, and forty-nine days.

All the kidneys were enlarged.  On the subcapsular surfaces of one pair there were petechie
Sour were mottled with irresular haomorrhages and infarcts ; one pair had undergone almost
comnlete lwemorrhagie mm.mon

mittitnied v-th plusma ceils, lymphocytes, large pyroninophilic
: Mitoses., " LE T ceils and erythrophagocytosis were seen.
qon there was rupture of peritubular capillaries, interstitial cedema
the walls of arterioles and interlobular arteries, with narrowing and
sy by fibrin and plateict deposits on the intima were common in all
Assoctuted with these vascular lesions there were focal infarcts and

sV wrershitiae nddnﬂh A ges.
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