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Successf~~l clinical liver transplantation 
should make it possible to more incisively es- 
plore certain aspects of hepatic function in 
man. I n  the present study this has been done 
by examining the haptoglobin (Hp)  and 
group specific component ( Gc) of the alpha2 
globulin serum fraction of 4 infant recipients 
of orthotopic rnogralts and their do- 
nors. The rec blish that both protein 
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moieties are I i~red e\tcl:~sively by the 
liver. They ,,,,,icle evidence that liver 
llomografts retain the metabolic specificity of 
the donor after transfer to a new host. 

The previous reports of Smithies on H p  (1, 
2) and of Hirschfeld on Gc (3,  4 )  provided 
the basis for the experimental approach. They 
sho~iled that 3 1;incls of both Hp and Gc were 
identifiable in the human population, that the 
type b pesen t 

&tic contr 
siun cou 

in any individual was subject to 
01, and that the phenotjp' I I C  es- 
Id be identified nlith electro- 

phoretic techniques. 
Jlaterinls and I l r t ~ z o d s .  The 4 liver recipi- 

ents were females, aged 13-21 months a t  the 
time of transplantation. The  first patient had 
a hepatoma; the other 3 had congenital bil- 
iary atresia. The  cadaveric donors mere 2 
males and 2 females, aged 14-20 months. 
Three of the 4 children are still alive, now 
180, 136, ancl 56 days after operation; the 
fourth died 61 days posttransplantation. A 
more general account of these cases is pub- 
lished elsewhere ( 5 ) .  

Serum s a m ~ l e s  were taken from both 
the donors and recipients prior to trans- 
plantation; in Case 1, the parents' sera 
;\rere also analyzed in order to confirm 
the Hp genotype. Postoperatively, recipi- 
ent samples were obtained a t  variable inter- 
vals. The  serum H p  genotypes were de- 

termined by electrophoresis in 3 vertical 
starch qel' ( 6 ) .  The  wells mere charged 
with a solution consisting of 15 parts of 
undiluted serum and one part of 10% human 
hemoglobin solution. The initial current was 6 
n1A. A constant vultage of 120 was 
maintained for 24 hours. The gel was re- 
moved from the supporting tray and divided 
horizontally into slices 2-3 mm thick. The  gel 
slice was stained in 0.1:h o-tolicline in 1% 
acetic acid and a few drops of 3 0 y ~  HXOn 
were added. 

The determination of serum Gc genotj~pes 
was made by Hirschfelcl's modification ( 7 )  of 
the microimmunoelectro~>horesis' technique 
of Scheidegger (8) .  Com~nercial horse anti-Gc 
antiserum and rabbit anti-Gc antiserum were 
used::. Electrophoresis was a t  220 volts for 2.5 
hours with a discontinuous buffer system ( p H  
8.6, p, = 0.05 in agar4 on plate and pH 8.6, IL 
= 0.1 in buffer tank).  .lqar plates charged 
with antiserum were incubated in a humid 
chamber a t  37'C for 24 hours and stained 
with amiclo black. 

Resfdts. The H p  type of both the donors 
and recipients was 2-2 in Cases 1 ancl 4. I n  
Case 1; the same type was present after 
transplantation in samples obtained on post- 
operativ~ days 10 52, and 102. Patient 4 was 
studied 0 ,  12, 40, and 5S hours posttrans- 
plantation and after 4 ancl 6 clays. During 
the first 12 hours, there was a 2-1 H p  type 
mised with the 2-2, presumably as the result 
of 12C0 ml blood transfusion during operation. 
The  subsequent samples were 2-2 (Pig. I ) .  

Patients 2 and 3 had preoperative H p  types 

1 From Otto Hiller, Madison, Wisconsin. 
2 Equipment from LKB-Produkter, Stockholm. 

Sweden. 
3 From Hoechst Pharmaceutical Co., Kansas City, 

* Supported by United States Public Health Service ~Missouri. 
Grants AM 06283, AM 06344, HE 07735, AM 07772, 4 Special agar-Xoble from Difco Laboratories, De- 
A1 04152, FR 00051, FR 00069, F05 TIV 1154. troit, Michigan. 
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3ived only H p  type 1-1 and no sign of 
eiginal H p  2-2. Patient 3 mas studied 

on days 1, 2, 3,  5, 10, 15, and 31. On all 
occasions, the only H p  detectable mas the 
donor type 2-2 (Fig. 1). 

Patients 3 and 4, who received homografts 
lrom donors of the same Gc type, did not 
have a change in group specific component. 
In Cases 1 and 2, however, the Gc type of the 

64 11 
tnts converted to 1 In 
~ t s  1 and 2, the : ~ m -  
by 8 and 10 da) hen 

CASE -st analyses were tilac~c. 111C3C IcLll(llned 
nged for the subsequent follow-up peri- 

4T - PRE-OP 4 and 3 months (Fig. 2 ) .  
POST-OP 24 HOURS 

!I !I 2 DAYS U t ions of changes in these 2 identifiable 
cussion. There have been previous de- 

- - - -  
,I 11 3 11 ' l u  I ns. In  1964, we reported that an adult 

I1  11 5 11 
ent of a liver homograft had converted 

I 1  11 10 11 
oy tne second postoperative day to the Hp  
type of the organ donor (9, 10). However, 

II 11 15 11 t 
liver function was poor and after the fourth 

11 31 11 1 postoperative clay> all detectable haptoglobin 

had disappeared from t 1. Hirschfeld 
CASE et  al. (11) observed th# ~ o r n  infant's 

DONOR 3- serum after exchange )n contained 

RECIPIENT - PRE-OP I! 
both his onrn Gc and that of the blood donor. 

POST-OP 6 HOURS In the reports of the earlier liver transplan- 
tation (9, l o ) ,  i t  was postulated that the liver 

11 I1  12 11 

- - -  '5e only source of Hp, a suggestion which 
II 11 4.0 I# somewhat weakened by the transient 
I! 11 53 11 e of the observations. Studies by Prunier 
It 11 4DAYS ( 1  2) on various human tissue cultures 
IS 11 6 II ~rted the hypothesis that both Hp and 

ere manufactured solely by the liver. 
FIG 1 Eficct oi  liver trans1 upon serun lata obtainecl in our most recent cases 

haptoglobin (Hp). Patients 2 (top) and 3 (center) seem to establish this fact beyond doubt. 
had peoper.ltivc H p  typcs 2-1, and 2-1, wherrns N~~~~~ (13) has estimated the 50% turn- 
their donors had 1-1 and 2-2 , respectively. Xitcr over rate of Hp  to be 5.4 days. I t  is clear that 
tianspldnlatlon, only thc donor type \t7;1s d~t rc tab le  
in thc recipient sera In  C'isc 4 (bottom), both the 

this is accelerated under the special concli- 
donor and reclplent were 2-2. For the first 12 hours lions of liver transplantatioll since all trace of 
after t ~ ~ ~ n s p l ~ n t a t i o n ,  the rcc~pient serum nras found the origillal rccipiellt Hp  was g0lle a t  least in 
to H~ 2-1 mixed 2-2, presumably a one case within 24 hours. The H p  combines 
consequence o l  m~sbive blood transfusion during the with free hemoglobin to form a comples 
opcration. All subscqurnt samples nxcre 2-2. which cannot be filtered by the kidney (14, 

15 ) ;  i t  has been suggested that this reaction 
2-2 and 2-1 respectively, whereas their don- not only prevents excessive losses of en- 
ors were 1-1 and 2-2. After transplantation, dogenous iron, but also shields the tubules 
both recipients reverted to the H p  types of from free hemoglobin deposition (16).  Thus, 
their donors for the period of their study. I n  hemolysis from massive intraoperative blood 
Case 2. the sera tested on days 8, 25, 38, and transfusion was probably of major importance 
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FIG. 2 .  In  Cases 1 (top) and 2 (bottom), thc group specific component (Gc) types of the 
recipients which mere 2-1 and 1-1, were converted after transplantation to the 1-1 and 2-1 types of 
their donors. 



in increasing H p  utilization. An additional 
factor could be an increased rate of red cell 
destruction \rhich is known to he caused by 
the presence of liver homografts (1 7 ) .  Trau- 
ma anrl steroid therapy also inlluence H p  
metabolisnl (16, 18). It is probable that the 
conversion of the Gc phenotype was also 
rapid. There is no information on the biologic 
function of Gc protein. 

A practical implication of the demonstra- 
tion that the liver retains its metabolic spc- 
cificity after transplantation is that certain 
liver-based metabolic diseases might be trent- 
able by such a procedure. This concept hay 
been conclusively tested by Kuster ct u1. 
( 19). Using mongrel canine donors, they \Irere 
able to cure the gout present in 1)almatian 
recipients. Conversely, the transplantation of 
Ilalmatians' livers conferred the defect in 
uric acid metabolism upon mongrel recipi- 
ents. 

Szrrnwrary. I n  human recipients of orthotop- 
ic liver homografts with different haptoglobin 
( H p )  and group specific component (Gc) 
types than their respective donors, the donor 
phenotype perrnunentljr replaced that previ- 
ously present. The  findings prove that the 
liver is the sole source of Hp and Gr,  and that 
it retains its metabolic specificity after trans- 
plantation to a new host. 

I t r e  thank Jlr;. J. Guptill, 11. T., for exccllcnt 
technical asdstance. 
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