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Surgical parabiosis of genetically diverse 
animals frequently results in severe and per- 
sistent anemia of one partner and polycythe- 
mia of the other(1,2,3). This may be ob- 
served as early as the third day after junc- 
tion. In the absence of genetic diversity this 
is rare, and, if present, only mild and of 
short duration. Anemia-polycythemia (AP) 
has been most commonly observed in in- 
stances of unilateral genetic diversity, i.e., 
after parabiosis of a mouse of one inbred 
strain with its F1 liybrid(4). AP has been 
interpreted generally as due to an immune 
response of the inbred mouse against the un- 
related parent component of the hybrid. In 
this combination the hybrid becomes anemic 
and the inbred mouse polycythemic, a deveI- 
opment probably brought about by a shift of 
red cell mass from the hybrid into the inbred 
mouse. If the AP were the result of an im- 
mune response to incompatible tissue, it  
could be used as an assay of this response. 
However, this assay should only be of aid in 
unilateral immune responses. Bilateral im- 
mune responses, both aiming at  AP, should 
tend to cancel each other. 

The data presented here were obtained 
from mice of 2 unrelated strains, parabiosed 
to teach other and to their common F1 hy- 
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brids. They suggest that a t  least 2 separate 
factors operate to bring about AP, only one 
of them being immunologic in nature. 

&Interid and Methods. Experimental ani- 
mals were inbred mice from our colonies, of 
the C57BL/6 and BALB/c strains, and their 
reciprocal hybrids. Partners were of the same 
sex. with approximately equal numbers of 
male and female pairs. The technique of 
parabiosis has been described (3 ) .  Blood for 
microhematocrit determination was obtained 
from blood of the tail vein. The mice were 
bled on the 6th, loth, 13th, and 17th days 
after parabiosis. 

Observations. Parabiosis of RA LB/c ?nice 
with (C57BLj6 x BALB/c)F,  hybrids re- 
sulted in AP on the 6th day in all pairs, in- 
variably “favoring” ( = creating polycythe- 
mia in) the BALB/c partner (Table 1) .  It 
increased in severity until the end of the 3rd 
week when death had occurred in most in- 
stances. 

Pasabiosis of CS7BL/6 mice with 
(C57BL/6 x BALB/cjF, hybrids did not 
result in similar AP on the 6th day. Instead, 
18 of 2 5  pairs showed a moderate AP favor- 
ing the hybrid partner (mean: 15.7 S.D. -C 
8.4). while the remaining 7 pairs showed 
mild AP favoring the C57BL/6 (mean: 9.4, 
S.D. .-+ 8.1). However, the trend reversed it- 
self on successive bleeding days; results be- 
came uniform, all pairs showing AP favoring 
the C57BL/6 side, but significantly less, 
severe than in the BALB/c-hybrid combina- 
tion (p<0.02). 

Parabiosis of BA LB /c with C57BL/6 mice 
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resulted in AP on the 6th day in all pairs, 
which uniformly favored the BALB/c part- 
ner, and was significantly more severe than 
in the BALB/c-hybrid combination a t  that 
time (p<0.02). However, it  failed to in- 
crease in severity, and on the 10th day was 
significantly below that seen in the BALBJc- 
hybrid combination (p<0.02). AP persisted 
at  about the same level until the 13th day 
after which it decreased somewhat. 

Discussion. The results indicate that fac- 
tors other than, or in addition to, mutual im- 
mune responses (BAL,B,'c vs. C57BL/6, and 
C'57BL 6 vs. BALB,'c) operate to bring 
about AI' in parabiosis. 1) The BALB/c- 
('57BL 6 combination brought about more 
severe ,4P on the 6th day than either pure- 
hybrid combination. Mutual immune re- 
sponses, competing with each other, would 
have had the opposite effect. The initially 
lesser degree. when one of the partners was 
a hybrid. suggests a genetic dilution effect 
that is usually not associated with genetical- 
ly determined antigens concerned with tissue 
incompatibility. 2 )  The initial AP in the 
C57KL &hybrid combination favoring the 
hybrid, and followed by its reversal, is not 
readily explained by an immune response. 
Polycythemia has been observed in animals 
exerting an immune response against their 
partners, and hybrids do not react immuno- 
logically against their parent strains (3 ) . 

11-e wish to propose the following hypothe- 
sis: A pvimary AP may occur between in- 
compatible parabiotic partners as soon as 
adequate vascular anastomoses have devel- 
oped. T t  is unrelated to immune responses, 
conceivably related to differences in blood 
pressure between strains, and expresses itself 
in hybrids in a, dilute fashion. It favo'rs the 
BALB//c olver the C57BL/6, their mutual F1 
hybrid occupying an intermediate position. 
An immune response may give rise to secon- 
dary ,4P which is superimposed on the pri- 
mary, and overrides it. Fig. 1 to 3,  in which 
hematocrit differences are plotted against 
time, are an attempt to explain the observa- 
tions diagrammatically on the basis of these 
postulates. Points a t  the level of the abscissa 
indicate absence of a hematocrit difference; 
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FIG.  I .  Mean hematocrit data of E:AI,B/c nnd 
(Cri'iEL X BBLB/c)F, mice joined in pambiosis 
(see t e s t ) .  

FIG.  2. Mean hmia tocr i t  data, of C5iElJ/6 a n d  
( C!57Bli/G X B24L13/c jF, mice joined in purabiosis 
f we text 1 .  

FIC4. 3 .  Mean hemttocrit data of L3AT~l3jc aiid 
P.5 7 ELjG mice joined in parabiosis (see tex t  ) . 

points above and below indicate a polycythe- 
mia of the partner shown at  the left (e.g., in 
Fig. 1, hematocrit values of BL4LB/c mice 
are higher than those of their hybrids). 

H,4LB 'c-hybrid (Fig .  1 : The primary 
AP (broken line) favors the BALB/c part- 
ner? but is of only moderate strength. ?"he 
secondary AP (dotted line) also favors the 
BALB/'c (since the hybrid can not react 

against the BALB/c); it begins to make it- 
self felt already on the 6th day, but increases 
in severity thereafter. I t  is superimposed on 
the primary AP as a result of which both 
anemia and polycythemia are more severe 
than in the other two combinations. 

The primary 
AF' favors the hybrid. The secondary AP 
favors the C57BLj6, partly cancels the effect 
of the primary AP on the 6th day, and over- 
rides it on successive bleeding days. I t  never 
reaches tkhe level of the AP in the BALBic- 
hybrid combination because of the persist- 
ent opposing effect of the primary AP. 

C57BL/o-BALB/c ( F i g .  3 )  : The primary 
A€' favors the BALB/c, and is stronger than 
in the BALB/c-hybrid combination. The 
secondary responses pull both ways, and 
essentially cancel each other: in consequence, 
there is no further increase above the level of 
the 6th day. The decrease in AP during the 
2nd week is probably the result of the readily 
demonstrable narrowing of vascular anasto- 
moses between bilaterally incompatible part- 
ners(4). 

Conclusions. Hematocrit data from in- 
compatible mice joined in parabiosis suggest 
that a primary and a secondary anemia- 
polycythemia may develop. The secondary 
anemia-polycythemia appears related to an 
immune response, while the primary does 
not. The two events may counterbalance or 
intensify each other, depending on the ge- 
netic backgrolunds of the mice. Because of 
this multiplicity of factors, the anemia-poly- 
cythemia of parabiosis appears unsuitable as 
an assay of the host response to incompatible 
tissue. 

C57BL/d-kybrid (Pig. -3) : 
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