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SUMMARY
Humoral antibodies have been demonstrated by antiglobulin con-
sumption tests to be present in the serum of virtually all patients
after renal homotransplantation. The most completely eharacterized
was a y( inunuuoglobulin distinet from the Forssman antibody which
reacts against sheep but not against human red eell antigens, and
which abrorbs scleetively against panels of human liver, kidney or
white blood eclis. This antibody appeared within a few days or weeks
after transplantetion, usually shortly after a rejection e¢pisode, and
was more or less continuously deteetable thereaiter. The antibody was
found 1n all of 10 patients studied during the first 4 post-transplant,
months, and in 13 of 14 patients tested from 4 months 1o more than
2 years after operation. Preliminary observations are meluded on an-
other humoral auntibody which does not reaet with sheep RBC
stromatia, but which ean also be measured with a modified antiglobulin
consumption test. The latter antibody was less commonly demon-
strable, but it also exhibited specifie absorption characteristics when
tested against a panel of leukoeytes obtained from volunteers. The
miplications of these findings are discussed in relation to the possible
value of sueh sera for histocompatibility typing, as well as the possible
role of such antibodies in promoting homograft enhaneccment.

For a number of vears there have been sporadie efforts to identify humoral
antibodies in antmials or humans after various kinds of homografting proce-
dures. Although such cireulating antibodies have been scen from time to time,
their presence has been inconstant. Furthermore, the antibody systems studied
have almost all been shown to have no relevanee to rejection.

In the present report, two kinds of humoral antibody will be deseribed whieh
have been found in the sera of patients at varying times after renal homo-
vransplantation and which were measured by their antiglobulin consumption

IR

(AGCH. The most completely eharneterized of these antibodies is detectable
by virtue of its reactivity with a heterogenctic antigen found in sheep red
cell stromata, which remains in the sheep eell membrane after the isophile
27).
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component is removed by boiling
"Arded by Grants AM 07772, AM 06344, HE 07735, AM 06283, Al 04152, 'R 05357,
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METHODS

Case material. Ten patients were studied before and at intervals up to 4
months after renal homotransplantation. Iiight ol these recipients reccived
their kidueys from healthy volunteers; 5 fromn blood relatives and 3 {from non-
related donors. These 8 eases were purt of a series in which donors were se-
leeted prospeetively by the Terasaki method on the basis of the best available
mateh (33). The two others veeeived cadaverie homografts in which it was
not attempted to evulunte the biologie suitability of the donor in advance.

Fourteen patients were studied from 4 months to more than 2 years after
transplantation. Three of these paticnts were from the above group. The
other 11 were chronie survivors from an cariier series in which donor-recipient
pairing was not based on attempted antigen matehing (28).

The generai methods of therapy have been fully deseribed (28). Specifi-
cally, it should be noted that aimost all the putients reecived azathioprine and
prednisone from the day of operation onward. With rejection the steroid doses
were elevated to as high as 400 mg per day, and in many cases local homo-
graft nrradiation and intermittent actinomyvein C therapy were then instituted.
A rejection episode was diagnosed prineipally on the basis of deteriorating
renal function.

The sera of 33 control patients were alse studied. Fourteen of these were
healthy voluntcers. Seventeen others had a major surgical procedure such as
colon rescetion, herniorrhaphy, closure of perforated viscus, ileo-femoral
thrombendarterectomiy; the remaining 2 were recipients of identieal twin
transplants.

In both the control and test subjects blood was drawn and allowed to clot
for 12 hr at 4 C and the serum was removed by eentrifugation. The sera were
inuetivated by heating at 56 C for 30 min and then frozen at —20 C. In this
way all of the antisera for any individaal patient could be stored and analyzed
at the same time.

Antiglobulin conswmption {absorption-dilution) test. The human test serum
10.25 ml) was added to 0.25 ml boiled sheep ved blood eell stromata suspen-
sion which was prepared by stepwise lysis of sheep RBC in deercasing strengths
of phosphate buffer saline (13). The mixture was incubated at 37 C for 1 hr
amd ut 4 C for an additional hour, and then centrifuged at 4000 rpm for 30
min. The sediment was resuspended in saline, recentrifuged in the cold 4 more
times, and mixed with 0.05 ml of rabbit anti-hwman globulin (Coombs)# serum
or rabbit anti-human y(G globulin serun® Before use, the Coombs serum was
absorbed twiee with 0.5 parts packed sheep RBC for 1 part of the serum.

The suspension was incubated at 37 ¢ for 1 he, for an additional hour at 4 C,
and centrifuged i the cold for 30 min at 4000 rpm. The supernatant, which

T Ortho Phavimaceutienl Corp., Ravitan, Now Jorsey.

SRupplied by the Children’s Asthma Tustitute, Deaver, Colorado. Dr. K. Tshizaka of
that imshituie has proved that this antserum reacts only with 4Goglobulin and that the
content of antibody nitrogen s approximaiely 200 g per ml The titer of this sub-
stance judged by the ubility to agglutinate ltex coated by human globulin was 13 1024,
IFor testing, 1t was thevefore dituied 4 times to give a titer of 1:236, the sune as that for
the Coombs reagent,
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contained the residual antiglobulin antibodies in quantitics determined by the
degree of antiglobulin cousumption by the test antibodies under study, wis
pipeited off for subscquent testing. The residual antiglobulin content of the
supernatant was measured by a latex agglutination test. A latex? suspension
(0.15 mD) of uniformn particles of 0.81 mu was diluted in 3 ce glyeme buffer
saline. A 19 solution of human globulin® was added to the latex suspension
and the 6.3 ce total incubuated ut 37 O {or 40 wn. The Lutex particles which
woere now conted with human globulin were washed 4 times with saline and
resuspended in 6.3 ml ol glyeine saline buffer (pH 8.2).

The amount of rextidual antiglobulin in the supernatant was now neasured
by determining its ability to agphitinate the globulin-coated latex particles.
The original supernatant was diluted with an equal volume of glyeine saline
burter, and further two-fold serial dilutions prepared. One drop of the latex
suspension was added to eaeh dilution, the mixture was drawn into a capil-
lary tube, and it was ineubated first for one hour at 37 C and then for 30 min
at room temperature. The presence or abscnce of agglutination was read by
naked eye observation. For each experiment controls using normal serum were
performed as well us eontrols using glyeine saline buffer in place of serum.
Control (absenth AGC was determined by the highest dilution at which both
the normal serum and glyeine saline buffer controls showed o positive agglu-
tination when treated in exactly the same way as the test serum; both con-
trol systems invariably provided the same result. Thus if the highest agglutinat-
ing control svstem were 1:256, a test of 1:128 which indieates that half the
antiglobulin was consumed was recorded ns 14 o test of 1:64 indicating 759,
consumption was 2-4; a test of 1:32 was 34 and a test of 1:16 or 1:8 which
indicate essentianlly compliete consumption were read as 44, If desived, these
datiy ean be eonverted mto AGC units deseribed by Dausset (8).

Abgorption of recipient serum wilh homologous or heterologous red blood
cells. Sinee n positive AGC test with the above teehnique depends upon anti-
gen-antibody compiexing ol one of the autibodies under study (o sheep RBC
stromata, the speetfieity of this reaction was studied. Reeipient serum (0.25
mibi was absorbed with whole sheep RBC, rabbit RBC, guinea pig kidney % and
homologous human RBC. The blood wis drawn with hepurin anticoagulation
and eentrifuged and washed 3=5 times (or until elear) with saline. The butly
coat and supernatant were disearded each time. The red eell pack (0.12 ml) was
added to 0.25 mil test serum and ineubated for 30 min at 37 C and for 5 hours al,
4 (. The resultant material was then recentrifuged, the serum recolleetod, and
exactly the same red eell absorption repeated 2 more times. AGC of the resid-
witl serum was then measured,

L idifeo Laboratory, Deteoit, Michigan,

“Two tvpes of human globulin were used: (1) imiume  serum globulin (Cutler
Laborvories, Berkeley, Calitorniad, or (2) Ivophilized human g-globulin (Cohn fraction
2, Pentex Corp.. Kankakee, HWinois), In the former solution ~60 globulin was (he uuin
component but immunoclectrophoresis also revended smndl quantitios of A and M ats
use wis therefore termimated. For most definitive fests the latter produce woase ctuployved
stwee 16 s yGoglobulin,

* Penver Sevum Cou, Denver, Colovido.
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Absorption of recipient serum with donor red blood cells. To determine if
thie antipody under study represented an isoantibody response to red blood
cells transplanted with the kidney, known positive sera were absorbed as de-
seribed above with packed RBC prepared from the kidney donor. AGC was
measured before and after absorption.

Absorption of reciprent serum with donor white cells or kidney, and with
reciplent tissues. Three patient sera which exhibited 1-24 AGC 9 to 34 months
after transplantation were absorbed with white cell pack obtained from the
renal donor by the technique to be deseribed below for absorption with homol-
ogous white cells, AGC was then repeated. An additional patient (LD 9) with
24+ AGC had splenectomy, bilateral nephrectomy, and liver biopsy 57 days
after cadaverie renal transplantation. His seruin was absorbed with his own
excised tissues, as well as with the donot’s contralateral kidney which had
heen frozen in the interimi. The absorption teehniques employed are described
below. After absorption AGC was repeated.

Further absorption studies to differentiate antibody from Forssman or
Forssman-like antibody. Horse serum was diluted 4 times with saline and 0.25
ml added to 0.25 wil serum of 5 patients. The mixture was mcubated for 30
min at 37 C and then for 12 hr at 4 C. Preeipitation did not oceur in any in-
stance; the procedure was therefore repeated adding another 0.25 ml horse
serum. AGC was then measured using the pooled human (0.25 ml) and
horse (0.5 wml) serum. Absorption was also done with 10 mg guinea pig
kidney powder? which was first washed with saline, and to which 0.6 ml
recipient serum was then added. The mixture was then processed exactly as
with the red cell absorption and the eventual supernatant tested for AGC.

Absorption of recipient sera with homologous liver and kidney. Scra of
known positive AGC were tested from 7 patients by absorption against 3
different kidueys obtained from 3 ecadavers; in addition the 7 sera were
absorbed against 2 cadaverie livers whieh were pooled. The fresh post-mortem
organs were perfused with cold lactated Ringer’s solution, cut into small
picces, rewashed with cold saline until all blood was removed, and homog-
enized with an cqual volume of cold saline. The homogenate was filtered
through gauze and washed with saline by means of centrifugation until the
supernatant wus clear. The recipient serum (3 ce) was mixed with 1 ce of
packed liver or kiduey eells and subequently proeessed as with the red cell
absorption deseribed earlier. AGC was determined on the eventual supernatant,
and the result compared to that obtained prior to absorption.

Absorption with Lomologous white blovd eells. The sera of 7 post-trans-
piaat patients whick: had been proven to contain humoral antibodies were
further studied by absorption against o pancl of white eells obtained from 9
nonrelated donors. The donor blood (100 ce) was eollected in KDTA solution
and the white cells separated by o miethod modified from Payne (23) and
Dnusset (93, Piest, 20 ml 6% dextran anol wi 200,000) in saline was added to
the blood to promote red eell sedimentation; both the red ecll pack and the

“ Denver Serum Co., Denver, Colorado.
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supernatant were ccllected separately. Both fractions were then saline-washed
4 times by means of centrifugation at room temperature.

The recipient serum (0.27 mil) was first absorbed against the red cell pack
ol the individual blood donors as deseribed above. After this, the residual
serum (0.25 mi) was added to a white cell pack (3-4 times 107 white blood
cells) from the same blood donor, and ineubated for 40 min at 37 C and
then for 2 hr at 4 C. After centrifugation at 3000 rpm for 15 min, the superna-
tant was removed and its AGC measured.

The leukoceyte-containing sediment was retained from 4 samples and also
tested for AGC. It was saline-washed 4 times by centrifugation tn the cold;
0.05 ml of anti-human globulin serum (Coombs serum) was added to the
washed sediment. The mixture was incubated at 37 C for 1 hr and 4 C for
anotiier hour, centrifuged for 15 min at 3000 rpm and the supernatant
coliected. The supernatant was added to the globulin-coated latex and the
agglutination reaction then read. Antiglobulin consumption of this sediment
would indicate the presence of a humoral antibody which does not require
reaction with sheep RBC stromata for its detecticn.

RESULTS

Humoral antibody dwring the first 4 postoperative months. Findings in the
10 patients studied before operation and during the first 4 post-transplant
months are summarized in Table 1. Prior to operation the AGC test was
positive 1n 2 cases. In one, a weak AGC was noted. The other patient (1.1 92)
had a 34+ AGC before exposure to the homograft. However, this positive
reaction was present only when Coombs antiserum was employed; it was not
present when pure anti-yQ globulin was used as u substitute reagent and it
therefore probably vepresents a ditfereut humoral antibody system as will be
discussed subsequently. Thix patient had immediate urine exerction, and
diuresed several hundred ml during the first 314 postoperative hours. He
then developed a violent rejection with rapidly developing oliguria, tempera-
ture of 41 C (106 F), and acute effusions into the joints of the arms and legs.
He was treated with 200-400 mg per day prednisone for 2-3 weeks in addition
to azathioprine, actinomyein C and homograft irradiation. After 4 days of
virtual anuria, renal function resumed and continued until his death from
pneumonitis 79 days postoperatively.

The antibody was deteetable in all eases after operation. The timing of its
appearance was variable, being deteetable immediately only in the patient
with the apparent aceelerated rejection. In the others it wus first noted from
2-22 days postoperatively, After its initial deteetion there was fluetuation in
the titer, waxing and waning in several individual patients. The lighest titer
tended to oceur some days after a clinieal rejeetion was first diagnosed,
although in one instance the antibody was first detected two months after the
paticnt had been treated for graft repudiation. Such time relationships are
aiven for each case in Table 1.

Humoral antibody after 4 months. Tourteen patients were studied from 4
to 27 months after homotransplantation, ineluding 3 from the group de-

PO N
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TABLI 2
Antiglobulin consumpltion wn sera of 14 patients 4 months or longer aftcr renul
homotransplaniation

LD No. N teiz;‘;ﬁn}iﬁron BUN (mg/100 ml) Antiglobulin consumption
25 26 19 24
27 27 101 3+
15 25 23 0
48 24 21 1+
54 24 84 2+
60 22 31 24
63 22 25 1+
67 10 35 I+
71 12 39 3+
89 10 43 24
90 5 25 1+
94 5 20 3-+
95 & 32 24
96 f 20 I+

Controls

Auntiglohulin consumplion

No. cases Positive cases
Negative cases
[ 24- 34 o+
179 14 3 0 0 4]
140 12 2 0 0 0

2 2 0 0 0 0

« Patients on surgical ward.
» Healthy persons.
¢ Identical twin recipients.

seribed above. In each case the kidney was providing life-sustaining renal
excretion but to a highly variable degree (Table 2) since function ranged from
normal to poor. The determinations were done twice at closcly-spaced
intervals. The results therefore represent a spot cheek. Thirteen of the 14
patients exhibited positive AGC. The presence of the antibody could not be
related to the quality of function or to either the benignaney or severity of the
late course.

IHhwmoral antibody (n control cases. T'hivty-three eases were availabic for
analysis; 17 surgleal cases, 14 normal healthy volunteers, and 2 reeipients of
wientieal vwin transplants (Uable 29 Twenty-cight of the 33 control paticots
had no AGC activity. The five exceptions all had a low (14 ) Giter,

The natwre of the antibody. Sinee Coombs serum eoutains y M und yA as
well as yGoantibody, the humoral antibody under study could theoretically
have belonged to any of the three systems. 'To elarify this question, 9 sera from
7 reeipients known to have 2 or 3+ AGC employing Coombs sera were re-
tested substituting pure anti-y(G giobulin as a reagent. Tn all instances the
AGC was exactly the same wich the alternative methods. These tests establish
that the antibody under study ix a y(G globulin (78).
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TABLIS 3
Absarption of post-transplantation antibody against helerogeneic anligens®

Antibody Sheep RBC ~ OxRBC  Rabbit REC ~ Cylmes vig Hors
Post-transplantation + + -+ + —
Forssman® + — — + +
Serum sickness? + -+ + + +
Infectious mononucleosis® + + — —_ —_

o 4+ Indicates absorption.

¢ Data taken from (24).

The relation of the antibody to red cell antigens. The sera from 5 patients
with known 2 or 3+ AGC were absorbed with red cclls from the kidney donor,
and had npo loss of AGC as measured cither with Coombs reagent or anti-G
globulin. Finally, an additional serum from Patient CID ¢ had unchanged
anti-yG globulin consumption after absorption with the red cell stromata of
2 indifferent volunteers. These results indicate that the antibody did not
appear in response to any aceidentally transplanted donor red blood cells or
to red celis from blood transfusions. To strengthen this coneclusion, 4 of the
sunie recipient sera were retested employing donor red cell rather than sheep
red cell stromata for the anti-yG globulin consuinption test. With this change

in method, no anti-yG globulin consumption was demonstrable in 4 experi-
ments nor in 2 other similar tests in which the red cells were provided by
nonrelated healthy volunteers other than renal donors.

Heterologous reactions. Absorption of the recipient scra with horse serum
and with red cells of the sheep, ox, and rabbit and with guinea pig kidney
permitted its comparison with other antibodies which have known inter-
species absorption profiles. It will be noted (Table 3) that the antibody under
study has a different pattern of absorption than the Forssman antibody or
the antibodies of serum sickness or infeetious mononucleosis (24). The anti-
body under study was apparently not an anti-DNA factor (10). Twenty-one
reeipient sera tested had negative LE tests.

Absorption of antibody with liver and kidneys. A sclective pattern of
absorption was evident with different cadaverie kidneys (Tuble 4). Thus for
the serum from LD 27, cadaveric kidney No. 1 absorbed all the antibody,
kidney No. 2 absorbed a portion, and kidney No. 3 did not absorb any. In
contrast, the antibody in the serumm of LD 102 was not absorbed at all by
kidneys No. T and 3 but was completely absorbed by kidney No. 2. The
abrorption by hver was apparcutly the same as for the kidney from the same
donor (Table 4) as would be expected i both tissues possessed many common
antigens. It either kidney No. 2 or 3 eaused a reduction of or abolished AGC,
absorption with the pooled livers from the same cadavers invarinbly caused
the same effect.

Absorption of antibody with homologous white blood ceils. A similar pattern
af seleetive absorption by homologous white cells was apparent in § test sera.
Some absorbed the antibody comploetely, some partially, and others not at all
(Table 5y, us judged by pre- and postabsorption AGC testing.
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Antiglobulin consumption lests of transplanied palient sera absorbed with human tissues

Case No. Patient sera absorbed with Antiglobulin consumption
LD 27 Unabsorbed 3+
Kidney 1 0
2 1+
3 3+
Liver 2,3 1+
LD 71 (Tnabsorbed 2+
Kidney 1 24+
2 24
3 0
Liver 2, 3 0
Li> 99 Unabsorbed 3+
Kidney 1 24
2 0
3 0
Liver 2, 3 0
LD 100 Unabsorbed 24+
Kidney 1 0
2 0
3 0
Liver 2, 3 0
LD 102 Unabsorbed 24+
Kidney 1 2+
2 0
3 2+
Liver 2, 3 0
CD 5 Unabsorbed 34
Kiduey 1 0
2 0
3 0
Liver 2, 3 0
CDh 6 Unabsorbed 3+
Kiduey 1 1+
2 0
3 i}
Liver 2, 3 0

in 4 other recipient sera (Tabie 6) comparable results with AGC were first
obtained. In these 4 sera, an AGC test was then performed upon the leuko-
cyte-containing sediment (Table 6), omitting incubation with sheep red eell
stromata and procecding directly to the addition of Coombs reagent or
anti-yG globulin, When absorption by the white eells occeurs, the antibody
attached to the leukoeytes should be detectable in the sediment; the results
with the sediment were therefore predicted to be o mirror nnage of those
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TABLE &
Antiglobulin conswmption tests of recipicnt scra absorbed with human leukocytes
Cuse No. Patient serum absorbed with® Antiglobulin consumy;tion
LD 94 e Unabsorbed 3+
Leukocyte 1 34
2 0
3 3+
4 0
LD 95 Unabsorbed 24
Leukocyte 1 0
2 1+
3 0
4 0
LD 99 Unabsorbed 2+
Leukoeyte 1 0
2 2+
3 0
4 24
Cchs Unabsorbed 3+
Leukoeyte 1 34
2 0
3 3+
i}

4

CD 6 Unabsorbed
f.eukoeyte 1 3+
2 0
3 34+
4 0

e Kach serum was absorbed twice with leukocytes (2 X 107). Blood type of leukocyte
donors: Ly = 0—; Lz = O+; Ly = A+4; Ly = A4,
with the supernatant. In most cases this predietion was fulfilled (Table 6),
aithough in 3 instances of 19 a perfect reciproeity was not present in that o
3+ AGC test i the supernatant was accompanied by a 14 direet test in the
sediment, or vice versa.

The oceasional diserepancies between the two methods were thought to be
due to another humoral antileukoceyte antibody in the serum of these patients,
one which does not react with sheep rved eoll stromata. This possibility was
proved 1n the sera of 4 paticnts known {o have positive AGC tests, These 4
ser were absorbed twice against sheep red el stromati, and the sediment
whieh contains the antibody reactive against sheep ecells was disenrded. The
supernatant was then absorbed twiee with 50% human red eell pack and then
ieubated with 8 X 10% white eelis from the same panel of donors as had
provided the red eeils, After eentrifugation the sediment was tested by AGC.

7. It will be noted that a weak titer

The results are summarized in Table 7.
antibody, differing {rom the prineipal subjeet of this study in that it was not
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TABL 6

Further absorption studics with homolugous leukocytess

AGC of sera {supernatuant) after AGC of leukocytes (sediment)

absorption with leukocytes after incubation with leukocytes
Case No. atients! < e Palients’ sera
P ety fo o AGC nebated wita - AGC
LD 102 Unabsorbed 3+
Leukoeyte 5 3+ 5 0
6 0 6 34
7 3+ 7 1+
8 0 8 3+
9 0 9
LD 103 inabsorbed 34
Leukoevie 5 Al ) ke
6 A+ § 0
7 V] 7 3+
8 3+ 8 EN
Y 0 9 34
CD 5 Tnabsorbed 2+
Leukocyte 5 0 5 24
6 2+ 6 0
7 0 7 2
8 G 8 24
9 0 9 24~
Ch 6° Unabsorbed 3+
Leukocyte 5 0 5 3+
6 ¢ 6 34
7 3+ 7 0
8 1+ 8 3+
9 0 9 3+

« After absorption, autiglobulin consumption (AGC) was determined of hoth the pa-
tient’s serum which was tested with the sheep red cell system (supernatant) and the white
cell sediment which was tested direetly with Coombs reagent or anti-yG globulin without
sheep RBC (SRBCS)Y. Failure in some instanees to obtain exactly converse resulis with
the supernatant and sediment suggests the presence of a second humoral antibody, one
which does not react with SRBCS.

b Anti-yGoglobulin consumption tests. The other tests in this table and Table 5 were
dore with Coombs serum. Dircet AGC tests of Leukoeytes Lig, Lo, Ly, Ly and Ly were
negative.

absorbed by sheep red eell stromata, was demonstrated in 7 of these 15
sedinients. Furthermore, this extra antibody also exhibited individuul speeifie-
ity since it was abzorbed by some but not all leukoeytes in the testing panel,
Absorption of recipient seruwm with donor white cells and kidney and with
recipient fissues. AGC deteeted by the sheep red cell system was 1-24 in 3
patient sera. After wheorption with donor white ecll pack, AGC was absent. In
patient CIY 9, AGC wuas 2+, After absorption of the serwn with his own
gpleen, kiduey, and hiver, AGC was still 24-. After absorption against the
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TABLE 7
Demonsiration of individual specificity of the second humoral antibody which does

not react with sheep

red blood cell stromata®

Vol. 5, No. 2

Blood type of

Recipicnt sera absorbed

Recipient sera before

Case o koeyteonor iR Sheep RECatomata | sbapuon with
LD 54 Control® 24
[¢) 0 §]
A 24 2-4
A 0 1+
.0 100 Jontrolt 24
A 0 24
B i 14
O i+ 1+
L1 102 Controlt 3+
A 0 3+
B 0 0
(6] 1+ 1+
CD 6, Controlt 34
A 0 0
B 1+ 14
(¢} 1+ 3+
CD 6. Controlb 2+4-
(§) 1+ 14
A 0 0
A 0 1+

¢ The supernatant of patient’s serum after absorption with sheep RBC stromata was
incubaied with the homologous leukoeytes. AGC of the final leukocyte sediment was then
determined with Coombs reagent. Unfortunately, this antibody was not looked for in
patients before transplantation. It is uot therefore established that its postoperative
presence is related to the presence of the homograft.

& Auntiglobulin consumption tests of recipient sera with stromata of sheep red cells.

homograft donor’s other kidney, AGC was absent. The results indieate that
the antibody 1s completely absorbed by tissues of the donor, and conversely
that there is no absorption by recipient tissues.
DISCUSSION
These studies have shown that o humoral antibody which reacts with
sheep red cells appears o the overwhelming majority of patients after renal
homotransplantation. The wnuibody cannot be deteeted by direet leukoag-
glutmation, and it 1= heat-stable at 56 C It s o G {78) immunoglobulin
neh from the Forssnun, nfeetious mononucleosis, or serum
siekness antibodies by virtae of s speetfie reactivity characteristios, It is
distinet from the vhiewmatord {wetor which s o 198 antibody (/2) and (-
reactive protetn which does nov react with sheep red eell stromawn (15). 1t 1s
not likely to be a Wasserman antibody sinee adl donors and recipients had

wi s differcnt
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segative Wasserman tests. As proved by the absorption studies, it does not
react against human red cell antigens but it does so selectively against
antigens present in human white cells and other tissues. A. G. Bausset
{personal communication) has pointed out that there is no simple explanation
for the facts that the antigenic stimulation is provided by individual kidneys,
that the resulting antibodies in cach ease rcact with a common sheep red
cell antigen, and that the mdividual antibodics possess specific reactivity
characteristies against other human tissues. He has suggested that one must
assume either that the sheep red cells possess a variety of antigens cach
corresponding to a given human isoantigen, or that one sheep red ecll antigen
cross reacts with various human isoantigens.

It is evident that this huinoral antibody which is so readily distinguished
by its reactivity with sheep red ecell antigens® ix not the only cireulating anti-
body which resuits from exposure to the homograft. The fact that some such
antibodies do reaet with sheep red eell stromata but not with human red cells
must be viewed only ax a fortunate coineidence which facilitates their
characterization. Preliminary observations in the present report strongly
suggest that at least one other antibody i1s present in many of these patients;
one whieh reacts neither with sheep nor human red blood cells, but which does
seiectively reaet with human leukoeytes.

There 1s as vet no incontrovertible proof that the antibody systems de-
scribed represent a responsc to histocompatibility antigen. Nevertheless, cer-
tain evidence suggest that this is the case. First, the sera of all but one of
the transplanted patients had antiglobulin consumption. In contrast, the
control studies of identical twin cases and routine surgical patients demon-
strated a low incidence of the humoral antibody in the nonhomografted popu-
lation. The control patients whose sera did exhibit antiglobulin consumption
as well as the exeeptional transplanted patient who possessed the antibody
prior to operation had previously been transfused; Engelfriet and van Loghem
(11) have noted that antiglobulin may be present in the serum under these
circumstances in the absence of leukocyte agglutinins. The mechanism re-
sponsible for this finding in some transfused patients could be the same as
after homotransplantation, namely sensitization by histocompatibility anti-
gons,

The timing of the appearance of the antibody after homotransplantation
wis also suggestive of a response to homogralt antigens. During the first few
postaperative weeks or months s titer was variuble, tending to reach peaks
Just after the ehuieally dingnosed rejection erises. O importanee, also, wis
the demonstration that some but not all fresh eadaverie kidneys were eapable
of absorbing the antibody obtained fron any individual recipient; presumably
steh Kidneys shared the same antigen as the homograft, and the others whieh
did not absorb lacked the antigen. Finally, the most convineing evidencee of

" The sexreh for an anti=sheep red eell antibody in the human was prompicd by the
prior observation of one of us (Y.1) that such an antibody appenred after eanine renal
Lhomotransplantation. The presence of Forssman antigen in the dog kidney obscured the
signiticance of this finding ; fortunately the human Kidney does not possess this antigen.
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the =peeifieity of at least the humoral antibody which reacts against sheep
red cell stromata was its complete absorption by leukocytes of the renai
donors or In one case by the other kidney of a cadaverie donor.

Although cireulating antibodies have not yet been reported in the scrum of
human renal homograft recipients, their presence is not surprising. Since the
early work of Clarkson and Gorer (6), a variety of humoral antibodies has
been observed in animals and man, usually in response to skin grafts. These
have been detected with hemagglutination (6, 18), leukoagglutination (34, 36},
evtotoxicity (2, 8), passive serum transfer (4, 30, 31, 32, 35), agglutination of
collodion partieles (22}, and antiglobulin eonsumption (6, 7) tests. Millipore
chamber experiments have also provided evidence that humoral antibodies
can cause homograft destruction in the absence of recipient cells (17, 20, 21).
Altman's studies with o eytotoxie antibody which appeared after skin or
Kiduey homograits to dogs () are particularly nteresting. With serum from
homogratt reeipients, e was able to passively confer homografi immunity to
other animals against tissues from the original donor,

The antiglobulin conswmption method which weasures antibody unrese-
tive in other tests (207 has been one of the most useful of these techniques,
T an experiment resciuabling in design that of the present report, Colombam
et al. (7)) found a sunilar antibody in 10 of 27 subjcets who received 2 or more
skin grafts. In these patients who were not recelving inmununosuppression, a
positive antiglobulin consumption test developed more regularly with larger
skin grafts. In their studies, the individual specificity of the antibody was also
extablished by means of absorption against a panel of skin cells obtained from
healthy donors.

The biologic implications of such a consistently deteetable and highly
characteristic antibody system in the sera of post-transplantation paticents are
many and obvious, but further comment will be confined to 2 specifie points
of mterest. The first of these eoncerns the role of such antibodies in determin-
ing the course, particularly late, after transplantation. Tt has been noted that
the patient who survives bevond the first few postoperative months often
requires progressively lower doses of immunosuppressive agents as if some
dlteration had taken place i the host-homograft inter-relution (28). This
position has been supported by the observation that rejeetion tends to be a
spontancously remittent phenomenon (14, 29). Murray (19) has attempted to
analvze these events i terms of a change in either the host or the graft. The
possibility that cnhancement (5, 16) was the responsible mechanism seemed
preciuded by previous fatlure to demonstrave the neeessary condition of an
anti-homograft antibody (25). The results in the present study freshly raise
cubianeement as an attractive possible expianation lor the two cevents which
nuike elinieal transplantation feasible—the reversibility of rejection, and the
development of a refative host-graft nonreactivity. In this connection, it is
miportant to note that virtually all (13 of 14) patients studied 4 months to
more than 2 vears after operation had the humoral antibody, an ineidence
comparable to that during the first 4 months.

A final practical point, previousiy stressed by Colombuni et al. (7), concerns
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the possibie role of the above deseribed individual-specific humoral antibody
svaiviits n faciiitating development of tissue typing techniques. Chronie
survivors aftor l'mml homotransplantation may prove to be an important
souree of typing seru.
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