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TH E significant correlation of histocompatibility typing with the clini-
cal status of patients who received renal allografts f rom living related 

donors has been demonstrated for sibling-sibling and for parent-child 
pairs.1-3 Those who did not show such a correlation constituted two 
major groups of patients: those mismatched recipients whose allografts 
retained good function, and those matched recipients whose allografts 
failed. These discrepancies between histocompatibility testing and renal 
allograft survival may have been attributable to several major factors: 
(1) differences in strength of histocompatibility antigens, (2) effects of 
antigenic combinations, (3) differences in response of various hosts to the 
same histocompatibility antigens, (4) inadequacies of leukocyte typing 
sera for detecting HL-A histocompatibility antigens, (5) presence of other 
histocompatibility loci in addition to the HL-A locus. 

By using well-defined leukocyte antisera capable of detecting 13 HL-A 
antigens and thus minimizing the fourth factor, we attempted to gain 
information in regard to the effect of the other factors, particularly the 
relative strength of histocompatibility antigens. Because this study was 
retrospective, there was a bias against finding a strong histocompatibility 
antigen, since those patients with such a mismatch may have already died. 
Of equal importance, however, was the detection of weak antigens most 
apparent in those mismatched recipients with prolonged allograft survival. 
This latter group of patients has accounted for the majority of discrepancies 
between tissue typing and clinical status.1 

Patients and methods 

Patients. Of 31 patients at the Cleveland Clinic Hospital who each re-
ceived a renal allograft from a living related donor, maintained allograft 
function for f rom three months to six years, and were alive as of June 1, 1969, 
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14 Braun and Murphy 

Table 1.—Short-term renal allograft recipients 
with living-related donors 

Allograft-
Histocompatibility Patient, survival, Clinical 

typing no. Donor months grade* 

Matched Sibling 
Parent 
Parent 

11 
8 
4 

A 
B 
B 

Mismatched 4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Sibling 
Parent 
Parent 
Parent 
Parent 
Parent 
Sibling 
Parent 
Parent 
Parent 
Parent 

11 
11 

11 
11 
10 

8 
6 
6 
6 
3 
3 

Dt 
A 
Dt 
A 
B 
B 
C 
B 
B 
C 
A 

* Clinical grade as of June 1, 1969 (see text for explanation), 
t Patient recently died from allograft rejection. 

30 were tested with their respective donors for 13 histocompatibility anti-
gens. Twenty-two donors were parents and eight were siblings. In 14 re-
cipients the durat ion of allograft survival was f rom three to 12 months 
(short-term) (Table 1); in 16 recipients the range of survival was f r o m one 
to six years (long-term) (Table 2). T h e clinical status of each recipient 
was graded according to the following criteria: 

A. Serum creatinine less than 1.6 mg per 100 ml; 24-hour urine protein 
excretion less than 300 mg; and diastolic blood pressure less than 90 m m 
H g without therapy. 

B. Presence of one or more of the following: serum creatinine concen-
trat ion between 1.7 and 2.4 mg per 100 ml; 24-hour ur ine protein excretion 
between 300 and 1000 mg; diastolic blood pressure between 90 and 100 
mm H g with therapy. 

C. T w o or more of the following factors not responsive to immuno-
suppressive therapy: serum creatinine concentration between 2.5 and 3.2 
mg per 100 ml; 24-hour ur ine protein excretion between 1000 and 3500 
mg; diastolic blood pressure between 100 and 120 m m H g with therapy. 

D. T w o or more of the following factors not responsive to immuno-
suppressive therapy: serum creatinine concentration more than 3.2 mg per 
100 ml; 24-hour urine protein excretion more than 3500 mg; diastolic 
blood pressure higher than 120 m m H g with therapy. 

F. Allograft rejection causing death, requir ing removal of the allograft, 
or chronic hemodialysis. 
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Table 2 .—Long-term renal allograft recipients wi th 
living-related donors 

Allograft-
Histocompatability Patient, survival, Clinical 

typing no. Donor months grade* 

Matched 

Mismatched 

15 Sibling 71 A 
16 Parent 45 A 
17 Parent 34 Bf 
18 Parent 33 B 
19 Parent 21 A 
20 Sibling 17 A 
21 Parent 13 A 

22 Parent 71 A 
23 Parent 60 B 
24 Sibling 50 A 
25 Parent 46 A 
26 Sibling 42 D 
27 Parent 21 F 
28 Sibling 17 B 
29 Parent 15 F 
30 Parent 12 m 

* Clinical grade as of June 1, 1969 (see text for explanation), 
t Patient's status recently changed to grade D. 
t Patient now requires chronic hemodialysis. 

In all cases immunosuppress ive therapy basically consisted of aza th iopr ine 
and prednisone. A subtota l thymectomy and splenectomy were pe r fo rmed 
before t ransplan ta t ion in one matched (patient 16) and four mismatched 
pa t ien ts (patients 23, 24, 25, a n d 26). T h e two pat ients w h o survived longest 
(pat ients 15 and 22) each h a d undergone subtotal thymectomy. All of the 
short- term allograft recipients as well as two long-term al lograf t recipients 
(patients 20 and 21) unde rwen t splenectomy. Seven pa t ien ts (patients 17, 18, 
19, 27, 28, 29, and 30) d id no t undergo thymectomy or splenectomy. W i t h i n 
the last 18 months, six ma tched pat ients (by clinical criteria, 4 A's and 2 B's), 
and 15 mismatched recipients (by clinical criteria, 3 A's, 5 B's, 2 C's, 3 D's,* 
and 2 F's) received ant i lymphocyte globul in (ALG). 

Methods 

Histocompat ibi l i ty testing was pe r fo rmed according to the microcyto-
toxicity technic.4 The defined leukocyte antisera were provided t h rough 
the courtesy of Dr. Pau l I. Terasaki f r o m the Na t iona l Inst i tutes of 
H e a l t h Serum Bank. These antisera were capable of detect ing 13 leukocyte 
antigens listed according to the two proposed HL-A subloci:5"8 L A sub-
locus—HL-A1, HL-A2, HL-A3, B4, B12, B13; 4 sublocus—HL-A5, HL-A7, 

* Two of these patients recently died from allograft rejection, and the third has required 
chronic hemodialysis. 
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HL-A8, B6, B9, BIO, B l l . Of the 60 typings done in this study, 52 were 
pe r fo rmed on blood d r awn less t han one h o u r before, and eight on speci-
mens taken f r o m 24 to 48 hours before test ing and mailed to ou r labora-
tory. 

Ma tched recipients were those wi th no donor ant igen mismatched b u t 
u p to three recipient antigens mismatched. Mismatched recipients h a d at 
least one donor ant igen a n d u p to three recipient antigens mismatched. 

Results 

Matched group. I n each of 10 recipients there was no mismatched donor 
ant igen. As of J u n e 1, 1969, all 10 pat ients had intact renal a l lograf ts 
wi th an A or B clinical status. Seven al lografts were func t ion ing for f r o m 
one to six years af ter t ransplanta t ion , and three for f rom four to 11 months . 
However , af ter 34 mon ths in a grade B clinical status, one pa t ien t ' s con-
di t ion (pat ient 17) recently deter iorated to grade D. T h e r e was n o mis-
matched d o n o r or recipient HL-A ant igen in this case. 

Mismatched group. T w e n t y recipients h a d f rom one to three mismatched 
donor antigens. I n two of these pa t ien ts the allografts fai led af ter 15 and 
21 months ; f ou r pat ients were in grade D at 11,* 11,* 12f a n d 42 
months ; a n d two pat ients were in grade C at three and six months . I n 
these lat ter eight pa t ien ts (patients 4, 6, 10, 13, 26, 27, 29, and 30) (sub-
g r o u p 1) mismatched donor antigens were: HL-A7 (3), HL-A1 (2), B4 
(2) and one each of HL-A2, HL-A3, B12, and B13. Mismatched recipient 
antigens were: HL-A2 (3), B10 (3), B12 (2), and one each of HL-A1, HL-A3, 
HL-A5, B4, B l l , and B13. However, five pat ients (patients 22, 23, 24, 25, 
a n d 28) (subgroup 2) surviving for f r o m 17 to 71 months (mean 48.8 
months) have good to excellent func t ion (3 A's and 2 B's). I n these lat ter 
five pa t ien ts mismatched donor antigens were: HL-A7 (4), HL-A1 (2), 
HL-A3 (2), B4 (2), and one each of HL-A8, B10, and B12. Mismatched re-
cipient ant igens were one each of HL-A1, HL-A2, HL-A8, B4, B6, B9, 
B12, and B13. 

T h e o ther seven mismatched recipients d id no t war ran t inclusion in 
e i ther subg roup because their al lografts had nei ther failed nor h a d a 
pro longed du ra t i on of good func t ion . 

W h e t h e r considered separately or together6 mismatched donor and re-
cipient antigens in the eight fa i l ing (subgroup 1) and five long-surviving 
(subgroup 2) allografts showed no strong or weak single ant igen or anti-
gen pair , b u t suggested a difference in the s t rength of the two HL-A 
subloci.5-8 I n subgroup 1 there were five instances of donor an t igen mis-
matches exclusively in the LA sublocus, one in the 4 sublocus alone, 
a n d two in bo th subloci. Subgroup 2 had no mismatches exclusively in 
the L A sublocus, one i n the 4 sublocus only, and four in bo th subloci. 

* The patient subsequently died from, allograft rejection. 
f The patient required chronic hemodialysis because of virtually no allograft function. 
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Fig. 1. Survival curves of 10 matched and 20 mismatched living-related renal allografts 
showed that allograft failure usually occurred within the first two years. The numbers 
along the survival curves represent the patients at risk at that time. The numbers in 
parentheses indicate the number of allografts lost up to that time. 
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Fig. 2. Allograft function in 10 matched and 20 mismatched living-related renal allografts 
showed that when deterioration occurred it did so by six months in the majority of cases. 
Those that showed deterioration at six months included all those that failed within two 
years (Fig. 1). The numbers along the curves represent the patients at risk at that time. 
The numbers in parentheses indicate the patients whose function had deteriorated up to 
that time. 
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18 Braun and Murphy 

T h i s difference was statistically significant (p < 0.03) ( T a b l e 3) a n d sug-
gested tha t antigens of the L A sublocus exerted a stronger effect on allo-
gra f t fa i lure than d id those of the 4 sublocus. 

I n evaluat ing the possible existence of a weak HL-A site it was f o u n d 
tha t each pa t ient in subgroup 2 had one or two donor antigens mis-
ma tched in the 4 sublocus, whereas only three of eight pat ients in sub-
g r o u p 1 had a single such mismatch. T h i s was significant when viewed as 
a r a t io of mismatched-to-matched 4 sublocus ant igens (p < 0.05) [Table 
4) in the two subgroups. I t is possible tha t the 4 sublocus ant igens by 
themselves may be weak or may modi fy s t rong L A sublocus antigens. 

A comparison of survivals between ma tched and mismatched recipients 
revealed tha t a l lograf t fa i lure occurred wi th in 24 m o n t h s of t ransplan-
ta t ion (Fig. 1). A de te r iora t ion of func t ion by six mon ths hera lded the even-
tua l fa i lure of these same allografts (Fig. 2). A l though the survival curves 
in Figure 1 appeared significantly different, they fai led to show a statisti-
cally significant difference. Here , too, the retrospective na tu re of the 
study may have lessened the difference between the two groups by the 
exclusion of those mismatched recipients who h a d already died. 

Discussion 

Evidence to pe rmi t the dist inct ion between strong and weak histo-
compat ibi l i ty antigens in the cases of HL-A mismatches would clearly 
have an impor t an t bear ing on donor selection, intensi ty of immunosuppres-
sive therapy, and the survival of h u m a n allografts. T h u s far, histocom-
pat ibi l i ty antigens in m a n have been graded as in te rmedia te in strength, 
since efforts to detect a s t rong his tocompatibi l i ty an t igen in m a n similar 
to the H-2 in mice or Ag-B in rats have been unreward ing . 1 

Othe r factors being equal , mismatched recipients losing an al lograf t 
because of reject ion should have been exposed to s trong his tocompatibi l i ty 
antigens, whereas mismatched recipients wi th wel l -funct ioning al lografts 
for pro longed periods should have had weak ant igenic exposures. I n 
the present study no ind iv idua l or pa i r of mismatched HL-A antigens, 
when examined separately or together i n the donor and in the recipient , ap-
peared stronger t han ano the r . T h e capability of a restrospective study to 
assess a factor con t r ibu t ing to mortal i ty was obviously impai red by the ex-
clusion of recipients who h a d succumbed to t ha t factor. 

However , when donor ant igen mismatches were g rouped according to 
the proposed subloci of the HL-A locus, the 4 sublocus and the L A sub-
locus , 5 8 there was evidence tha t ant igenic mismatches in the L A sublocus 
presented a greater hazard to al lograft survival t han did those of the 
4 sublocus ( T a b l e 3). T h i s f inding agreed wi th results ob ta ined i n bo th 
skin8 and rena l a l lograf t 7 studies in man. Complemen t ing this was evidence 
tha t the 4-sublocus ant igens may have modified strong L A antigens or been 
weak antigens themselves (Tab le 4). I n fo rma t ion concerning these two pro-
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Table 3.—Distribution of mismatched histocompati-
bility antigens according to HL-A subloci in 

allograft failures and successes 

LA 4 LA + 4 
Result Sublocus Sublocus Subloci 

8 failures (subgroup 1*) 5 1 2 
5 successes (subgroup 2*) 0 1 4 

The occurrence of five allograft failures with donor antigens 
of only the LA sublocus mismatched, and the absence of ex-
clusive LA mismatches in long-term successes suggested that 
the LA sublocus was a stronger histocompatibility site than 
the 4 sublocus (p < 0.03). 
* See text for definition of subgroups. 

Table 4 .—Proport ion of mismatched to matched antigens 
of the 4 sublocus in allograft failures and successes 

Number of antigens 

Mis-
Result matched Matched Total 

8 failures (subgroup 1*) 3 53 56 
5 successes (subgroup 2*) 6 29 35 

The higher proportion of mismatched 4 sublocus donor antigens 
that were formed in long-term successes (6 of 35) as compared to 
failures (3 of 56) suggested that the 4 sublocus was a weaker histo-
compatibility site than the LA sublocus (p < 0.05). 
* See text for definition of subgroups. 

posed subloci has been too incomplete to provide any substantive reason for 
such a difference. T h e prevalence of the HL-A7 antigen, though, i n 4-
sublocus mismatches of b o t h subgroups still indicated the impor tance of 
individual host response. 

T h e f inding of such a g r o u p difference has no t excluded the possibility 
that certain ind iv idual antigens may yet be stronger t h a n others. Basic 
variabil i ty in host responsiveness to the same ant igen, when al tered f u r t h e r 
by antecedent u remia and subsequent immunosuppress ive agents, may 
well have obscured the hierarchy of his tocompatibi l i ty antigens. A l t h o u g h 
total thymectomy of adu l t mice has been associated wi th a decline in 
immunologic capacity a f te r f r o m six to n ine months , 9 the possible role of 
splenectomy and subtotal thymectomy in the long-term survival of fou r 
mismatched al lograf t recipients was extremely difficult to assess, part icu-
larly since long survivals of similarly mismatched recipients wi thou t such 
t rea tment have been repor ted. 1 0 Use of A L G in our recipients also ap-
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20 Braun and Murphy 

peared to have had no clearly defined effect on host response to allograft 
antigens. 

T h e successful outcome of HL-A matched allograft recipients with liv-
ing related donors was again apparent in this series (Fig. 1 and 2). In 
contrast to the allograft failure reported by Singal, Mickey, and Terasaki,1 

the failures in our series of patients occurred within the first 24 months 
and showed little attrition thereafter (Fig. 1). Eventual loss of the allo-
graft was predictable at six months, when function had already deteriorated 
in these same allografts (Fig. 2). T h e single case of delayed allograft failure 
in which none of 13 HL-A antigens was mismatched,* raised the pos-
sibility of the existence of another important histocompatibility locus 
independent of the HL-A locus.11 

Summary 

Tissue typing for 13 HL-A histocompatibility antigens was performed 
retrospectively on 30 renal allograft recipients who had living related 
donors and whose allografts functioned for from three months to six years 
after transplantation. T e n matched patients each had grade A or B clini-
cal status, whereas of 20 mismatched recipients eight had failing allografts 
(grade C, D, or F). Although no individual HL-A antigen or antigen 
pair appeared stronger than any other, there was evidence to suggest that 
antigens of the LA sublocus were strong and those of the 4 sublocus 
weak. In addition to different strengths of HL-A histocompatibility anti-
gens, other factors such as variable host response to an antigen and the pos-
sible existence of other histocompatibility loci may have affected allograft 
survival. 
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