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. I N T R O D U C T I O N

The failure to obtain successful homografts among non-
related individuals of the same species is due to antigenic
differences occurring between the donor and the recipient on
the basis of which the specific antibody reaction results.

It has been recognized that the best method opposing to
tissue incompatibility is the experimentally acquired tolerance
of foreign antigens elicited by an organism in its early anti-
genic stages This can be accomplished by injection of homo-
logous cells to the fetus or new-born animals or by the method
of experimental parabiosis shortly after the birth. Erythro-
cyte chimera between dizygotic cattle twin described by Ozvcn
(25)1 is the result of natural embryonic parabiosis in which
the embryonic blood is exchanged between the partners due
to vascular anastomosis. It can be said that the method used
for the induction of acquired inimunological tolerance by
Billinghain (5) is always more or less an mutation or arti-
ficial reproduction of such a spontaneous parabiosis.

Mart'niez (19) sbowed that tolerance induced in adult
mice by establishing a parabiotic union between the members
of two homologous strains could be transferred to isologous
animals by injection of spleen cells to these mice from
tolerant mice at birth. Such a phenomenon suggests that
parabiotic union induces cellular chimera in spite of an exis-
tence of genetic difference between donors and hosts. Those



animals which regressed transplanted tumor cells usually
have an immunological resistance to reinoculation of the same
tumor cells. The role of humoral or cellular antihodies in such
an immunity is now discussed among various investigators.

Studies of parahiosis have heen thought to be useful to
solve this prohlem. However, various investigators hav ê re-
ported different results and opinions. Transfer of immunity
to normally susceptihle animals hy parahiosis has heen re-
ported hy some authors (3, 4, 12, 20), whereas other reports
seem to demonstrate the contrary ( i , 8, 14). One author
described that immunity was actually converted to suscepti-
bility (9)- Such seemingly conflicting results might come
from the genetic type of animals used. By means of lahelllng
red blood corpuscles it was ohserved that crossed blood flow
in homologous pairs was approximately one hundred times
that in pairs which were heterogenic. Naklc (22) showed that
whole antigen in hoth homologous parahlotic partners is
continuously replaced In a form of ,,cells" and then cellular
chimera is established.

However, so-called ,,competitive replacement hypothesis"
postulated hy Nakic still remains a matter of debate. Our
experiments presented here shows that tolerance can not al-
ways he produceci In all parabiotic combinations, even when
the H-2 types are the same. In the parahiosis between parents
and Fi hybrid animals, recolonization of Fi cells to parental
partner is interrupted by the immune response of the host
against Fi-antigens which appear to prevent the induction
of a state of tolerance. , •,

:..; ^ M A T E R I A L A N D M E T H O D S

I. Animals: 4-8 week old C3ll/He, DDD, C57BL, NC, FM, AKR and (DDD
9 X C3H/He 3) Fi hybrid mice weighing 18—23 g™ were obtained from the
experimental animal room in our institute.

2. Parabiosis: Parabiotic union was carried out by the original technique of
Btinsler & Meyer (7). Parabiont mice were anesthetized with an intraperitoneal
injection of pentobarbital and shaved on the appropriate lateral surface of the
trunk.



A linear incision extending from the base of ear to the base of thigh was
made in each of the two animals. Skin flaps were raised for a width of i-2
cm and the flaps of the scapulae adjacent to the incision were dissected free
of surrounding musculature. The peritoneum was incised from the femoral
region up to the level of the eleventh rib; care was taken to avoid entering the
pleural cavity. All four peritoneal edges were joined with a continuous silk
suture to obliterate communication between the coelomic cavities. This prevented
obstruction secondary to migration and entanglement of intestinal loops yet
provided an additional layer of united tissue in which vascular communications
could develop. The scapulae were joined with silk to prevent cutaneous tension
and wound breakdown when the mice tried to turn in the opposite directions.
The skin flaps then were joined both ventrally and dorsally with silk suture.
We also used the technique of Sauerhruch & Ueyde (27) in which the peritoneal
cavities of the two parabiont mice were not opened and only skin flaps were
sutured together.

3. Red and while hlood cell count: The examitied blood samples were obtained
from the right axillary artery of the parent-Fi parabionts to evaluate blood
cell count.

4. Histopathological examination: Histopathological examination was per-
formed on the spleen, the lymphatic tissue, the liver and the kidneys of each
animal following parabiosis. The specimen was stained with hemntoxylin-
eosin.

5. Paper electrophoresis: Paper electrophoretic analysis was carried out by
the method of Mori et al, {21). Eilter paper strips (12.0 X 2-5 cm) should be '
wet with veronal buffer solution at pH 8.6 (ionic strength 0.02) and placed in the
apparatus on a siliconized polished glass. The sample was applied as a narrow
band with a capillary pipet. Limiting current flow to 2 ma. per strip at 400
volt was used for 6 hours. The dried paper strips w'ere stained with bromphetiol
blue and the electrophoretic pattern was calculated by using a densitometer.
Protein components obtained in this way were shown as percentage.

6. "Co irradiation: Mice were put in a round plastic cage and 500-800 r of
™Co was irradiated to the whole bodies of mice.

7. Skin homografts: Skin homografting was performed by the technique of
Billinghain & Mectaiver (6), basically. The operated areas of both donor and
recipient mice were depilated with depilatory cream 2-3 days prior to skin
grafting. FuII-thickness and round grafts, 12 mm in diameter were removed '
from the donor mice anesthetized with subcutaneous injection of 0.03-0.04 ml

of Nembutal® (Pcntobarhital sodium—50 mg/dl) obtained from Abbott Product,
U.S.A. and placed oti a prepared graft bed in the back of the recipient. These
grafts were fixed with Aron-alpha. A obtained from the Toa Gosei Chemical
Industry, Tokyo, Japan and Sofra-Tulle gauze obtained from Roussel Labora-
tories, London, England and sterilized gauze (3.0 X 3.0 cm) were applied with
vinyl adhesive tape. When approximately 50 per cent of the area of a graft
•was occupied with such signs as cyanosis, edema, petecchiae, itiduration and
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necrosis of grafts, the graft was judged as ..rejected". From one week after
skin grafting, the graft survival was observed every day.

8. Done marroiu cells: In order to obtain bone marrow cells of mouse, each
edge of the humerus and the femurs was cut, then i/i i.v. needle was inserted
into the bone marrow cavity. After several times of ,,pumping" through the
bone marrow cavity, the dissociated cell suspension was intravenously injected
from the tail vein of mice as slowly and gently as possible.

9. Ultra-so7iie preparation of the bone marroiu cell suspensio7i: Bone marrow
cell suspension obtained as mentioned above was treated for io minutes at
10 Kv, i.S ma. No formed cells were microscopically observed in the treated
bone marrow cell suspension.

10. Normal mouse serum: Blood was taken from the right axillary artery
of C3H/IIe mice and the pooled blood was centrifuged at 3,000 r.p.m. for 30
minutes. 0.5 ml of the serum was intravenously injected from the tail vein of
recipient mice.

11. Tumor cells: Spontaneous mammary carcinoma, MH134 originated from
C3H/He mice was changed into ascitic type and maintained at the Department
of Carcinostatics in our institute. 2.0 X 10" of Mil 134 cells were subcutaneously
inoculated to recipient mice.

12. Measurement of complement: Complement level was measured bv
modified Mayer's method. The same amounts of individually separated sera
of one group containing 5 mice were pooled together for measurement of
complement level. Sensitized erythrocytes and complement ^vere mixed at an
interval of 3 minutes. 5 X lo' of properly mensitiy.ed erythrocytes were shaken
in 7.5 ml of veronal buffer solution including Ca '̂ and Mg** for 90 minutes
at 37° C. When 50 per cent (2.5 X 10') of these sensitized erythrocytes were
hemolysed, its complement level was regarded as C'HM units.

13. Hemolysin test: Dilutions were made of mouse anti-sheep ervthrocyte
stromata and 0.25 ml portions were added to 0.25 ml of sheep erythrocyte
suspension, i X 10' per ml. After shaking for 20 minutes at 37° C, 0.5 ml of
1/25 dilution of guinea-pig complement previously absorbed nine times with
packed sheep erythrocytes at 0° C to remove ,,natural" hemolysins were added
to each mixture. After shaking for 90 minutes at 37° C, each mixture was
centrifuged at 2,000 r.p.m. for 20 minutes to settle down residual erythrocytes.
The degree of lysis were visually estimated. Scoring was based on a system
of ,,0" (no hemolysis) to ,,4" (complete hemolysis).

R E S U I. T S

I. Duration of Parahiolic Union in Normal Adult Mice:

Spontaneous separation of union or so-called ,,purablotic
disease" occurred 7-1 <; days (average: 12.3 days) following
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TABLE I

Parabiosis in the adult mice.

C3H/
C3H/
NC
KM
DDD
C3H/
AKR

Combination

'He
'He

He :

: ]:.DD
• C57BL

C57BL
C3H/He
])DD
C3H/He
C3H/He

H-2 barrier

+

• + - '
+ '

— . • • • - • • • • •

• • \ , . . ' '

—

Duration of
parabiosis

time (days)

7-15

7-16 .
6-fio ;.
7-14

>iSo

> 180

12—96

parabiosis between allogenic combination such as
to-DDD.

The C3H/He-to-C57BL parabiotic partners showed such
a phenomenon on 'j—16 days (average: 13.1 days), NC-to-
C57BL, 6-60 days (average: 26.4 days) and P'M-to-C3H/
He, 7—14 days (average: 11,4 days), respectively. The
prolongation of parabiotic union was seen in the groups of
mice of which H-2 loci were the same. The AKR-to-C3l-I/He
(H-2K) parabiotie mice showed the duration of union Q{
12-96 days and AKR-to-AKR or C3H/He-to-C3H/He

partners mostly (80 per cent) maintained the unions over a
period of 180 days.

2. Dinalioti of Parab'iol'ic Union in F1 IIvbiid to Parent Mice:

The difference of parabiotic duration was not significant
in parabiosis between (DDD ? X C3H/He 5) Fi hybrid and
its parental C3H/He.

On the contrary, when this Fi hybrid Avas joined with
another parental strain, DDD, the duration of parabiotic union
showed a significant prolongation ranging lrom 10 to 100
days. In the most Fi hybrid mice clinical signs of parabiotic
disease such as failure to thrive, diarrhea, alopecia, etc were
observed, and approximately 60 per cent of them died at the



TABLE 2

rsis palli'rn in I'l niul C^ll.

Mice

(C3ir/ X noD)
FI

C3n/nc

PrntL'in

Allniniiii
A l p l i a - f i l i i l i i i l i i i

I?eta-(!li)biiliii

( ;arnma-(;i()hvilin

'J'otal Proli'iii

Albiiuiin

Alplia-(il(>b»liri

Beta-C;iobuliii

(jainma-Cilnlniliii
Total Proti-fii

RanKc

57.5-66.3 %
12.0-1 5.2
13.6-21.8
4.0-12.0
6.4- 7.2

37-4-45-2
19.5-24.6

25-0-33-4-
6.2-10.3
6.0— 8.0

Mean

62.5 7v

13-5
16.7

7.2

6.9 s/dl

42.2
22.7
27.4
8.0

6.8 K/cIl

end ol 2 weeks or early in 3 weeks al ter joininj^ with its
|)arental mice.

3. CJiau^rs of Pfri/'hi'ial Blood (Jo/ail Folloiv'nifr FI..IQ.

Puroil Par

]-*atho-])h}'si()lo}i;ical obsei'vatioiis ha\'e been performed in
the I^'i-to-its parental C3I I/I le parabiotic mice. A fall of
white blood cells in the peripheral blood ol 1M partner ( 2 , 0 0 0 /
/•I) occurretl at the second day ol parabiosis and this was
foUowetl by a ra|)iil rise up lo 9,6()o//i.l 4 days after para-
biosis. Then, they showed a tendency ol decrease. Red blooci
cells m llie peripheral blood of I'l |)artner Mere inclined to
tiecrease day by day and the color ol the skin became pale.

of Klcrlropliorflir Patlrin of Srrii»i Protein
Parahiosis :

The paper electroplioretic pattern ol serum protein in
C3I I /I le and I'l liybrid was as lollows: In ]'"i hybritl mice
albumin was ^7.5-66.3 per cent (a\'era,L!,e: 62. q per cen t ) ;
alpha-j^loluilin 12.0—1 v2 per cent (average: 13.;; per cen t ) ;
beta-globulin 13.6-21.8 per cent (averaj^e: 16.7 per cen t ) ;
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TABLE 3

hlrctrol^hon'sis pallt'rn in pnvahiosis mirr.

na \ s alter parabiosis
Protein Mice

2 4 6

. . . . ( '3 l l / l le 59.3 9. (.2.6'r
Albumin _

l'l 52.4 59.9

('311/IIc 17.4 15.6
Alpha-CJlobulin „

!• I 21.4 17.6

, , 21.0 17.4
Beta-Glolniliii ,,

iM 21.4 16.2
2.2 4.2

4-9 3-9

I otal rrolt'in ,,
I' I 6.3 6.0

59-9 '/<'
hi.k

I I .O

12.7

21.1

18.0

8.0

7.6

5-6KAI1

5-7

62.2 7>

51.9

'5-1

14.5

• 8.2

29.0

4-4

4-S

5-8 K/''
6.4

gamnia-glohulin 4.0—12.0 per cent (average: 7.2 per eent)
and total protein 6.4—7.2 gni/dl (a\'eraLi;e: 6.9 n'ln/tll).
C j H / H e mice sllo \̂•e l̂ ^^7.4-41;.2 per cent (a\-crai>e: 42.2
per cent) ol allniniin, I9.;~24.f) })er cent (avei"age: 22.7
per cent) of alplia-glolnilin, 2 ,".0-^53.4 per cent (average:
27.4 per cent) ol lieta-glohulin, 6.0—10.3 per cent (average:
8.0 per cent) ol gainnia-gloliulin and 6.0—8.0 gni/dl (a\'cr-
age : 6.8 gm/dl) ol total pi-otein. I1ie eleetrophoretic pattern
of serum protein \\as exammeil on the second, iourtli and
eiglitli tlay of parahiosis.

C3I I/I Ie mice slioMed an increase of albumin on the
second day ol parahiosis ami it approximatetl to the same
value on t!ie eighth day of parahiotic union. On the contrary,
P I hyhrid mice mainlaincil normal pattern ol albumin and
even on the eighth day ol parahiosis, it showed no signifi-
cant changes. Alpha-globulin of the C^^IT/IIe partner had
almost normal \'alues on (he second da}' oi parahiosis and
thereafter it had a tendency towards depression. 1 IoA\'cver,
the F I partner showeti an increase of' alpha-glohuh'n Irom
the beginning. C^H/He mice tended to decrease 2, 4 and
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TABLE 4

Spleen tveiglit of parahiosis mice.

Treatment

None :',

™Co 500 r Irrad.

" '̂'''* F I (500 r) :DDD
Parabiosis

^ F I (500 r) :C3l-I/He
Parabiosis

Mice

C3H/IIe
DDD
F I

F I

DDD
F I

C3H/He
F I

Spleen weight (g)

0.124

0.143

0.153

0.078

0.158

0.296

0.054

0.144

6 days after parabiosis and then showed an increase above
normal limits. Beta-globulin in the F i partner constantly in-
creased. In both partners, gamma-globulin had a low level
until on day six when it showed a temporary increase. How-
ever, it decreased gradually from the eighth day of para-
biosis.

5. Changes of Relative Weight of the Spleen After
Parahiosis:

The average spleen weight of normal adult C 3 H / H e ,
DDD and F i hybrid mice were 0.124 gm, 0.143 gm and
0.153 gm, respectively.

One week after whole body irradiation of ""Co (500 r ) , F i
hybrid spleen weighed 0.078 gm which was almost equal to
half of the normal spleen weight. F i hybrici mice irradiated
with a similar dosage of ""Co were parabiosed with D D D
mice Immediately after irradiation. The average spleen weight
of such F I hybrid mice was 0.158 gm on the seventh day of
parabiosis and that of DDD-parabionts weighed about twice
the normal level (0.296 gm). When Fi hybrid mice irradiated
in the same way were joined with their parental C 3 H / H e
mice, the spleen weight of the Fi hybrid mice was 0.054 gm
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HYBRID-PARENT RXRABIOSIS IN MICE

HYBRID

(C»H/HOXDDD)FI

(C8H/HexDDD)Fi

PARENT

C»H/Ho

DDD

DURATION OF
PARABIOSIS TIME (DAYS)

7 — 1 5

10 - 100

Fig. I.

RBC AND WBC COUNTS IN FrHYBRID TO PARENT
AFTER VARYING INTERVALS OF PARABIOSIS

R-HYBRID'RBC
F»RENTC5H/He'WBC

2 4 6 8
DAYS AFTER PARABIOSIS

Fig. 2.

(1/3 of normal mice) and that of CjH/He mice weighed
0.144 g'li (almost normal level). The spleen weight of Fi
hybrids showed a significant difference by changing parabiotic
partners. This difference may be due to development of para-
biotic disease in Fi hybrid-DDD parabiosis more slowly than
that in Fl hybrid-C3H/He parabiosis.
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6. Histological Examination of the Thymus After Parabiosis :

Fig. I and Fig. 2 are microphotographs of histological
findings of the thymus in a parabiotic ¥1 hybrid anci its
parental C3H/He one week following parabiosis. Although
significant decrease of parenchymal cells and proliferation
of eosinophlic cells were observed in Fi hybrid mice, C 3 H /
He mice showed no significant changes. FI hybrids also ex-
hibited remarkable atrophy of the lymphatic tissues. How-
ever, it was impossible to find significant changes in the liver,
the kidney, the adrenal glands, and other organs of both
partners.

7. The Survival Time of Skin Ilomografts in Adult Mice:

The skin homografts of normal mice showed survival time
as follows. The skin grafts from C3H/1-Ie to DDD survived
for 9-13 days (average: 11.6 days) and that from DDD to
C3H/He rejected 9-13 days after skingrafting (average:
11.2 days). When skin-grafting was performed from tbe
parental DDD to Fi hybrid, the grafts showed the develop-
ment of donor's white hair after about 20 days and these
grafts survived for over one year. A similar phenomenon was
observed in the grafts from the parental C3H/He to Fi

'' • . . . T A B L E 5

Surmval liinrs of skin tiomngrafls.

Donor

C3H/He
DDD
DDD
C3H/He
F I

. • . F t • • ,

F I

C3H/He
DDD

Recipient

-^ DDD
-> C3H/IIe
-^ F I

-* F I

-^ DDD
-^ C3ll/He
-^ F I

^ C3H/He
-^ DDD

Range

9-13
9 - ' 3

13-64
17-78

(Sraft survival

>i8o

>i8o

>i8o
>i8o
>i8o

Mean

11.6
II.2

37.2

34-8
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hybrid. On the contrary, the skin grafts from Fi hybrid to the
parental DDD mice were rejected 13—64 days (average: 37.2
days) after skin-grafting and those from Fi hybrid to C3H/
He were rejected 17-78 ciays (average: 34.8 days) after
skin transplantation. The evidence of rejection was not ob-
served for one year and more in the grafts from Fi hybrid
to F I hybrid or DDD to DDD.

8. The Sttrvival Time of the Skin Graf Is After Parabiosis:

The skin-grafting was performed from DDD mice im-
mediately after parabiosing Fi hybrid with DDD. These
grafts stirvived during the continuance of parabiotic union.
When the grafts were transplanted from C3H/He imme-
diately following F I hybrid-DDD parabiosis, Fi hybrid mice
accepted the grafts during the persistence ol parabiotic union.
However, DDD-partners rejected the grafts 9-27 days
(average: 14.8 days) following transplantation. The skin

Fig. 3-
Thymus of p,-ireiit;il C3H/He mouse (40 X 10) after parabiosis.
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Fig. 4.

Thyinus of Fi hybrid mouse (40 X 10) after parabiosis.

grafts from Fi hybrids M'ere transplanted to DDD and those
from DDD were put on Fi hybrids following Fi hybrid-DDD
parabiosis. In such groups, Fi hybrids accepted the grafts
from DDD; however, DDD rejected the grafts from the
F I hybrid partner within 7—16 days after grafting (average:
8.7 days).

9. The Survival Time of the Skin Grafts after Parabiosis
zvith ''"Co Irradiaiton:

The skin grafts from DDD to C^H/PIe showed a mean
survival time of 9—13 days (average: 11.2 days) and those
from DDD to the recipient C3H/PIe irradiated 600 r of ™Co
survived for 9-26 days (average: 18.5 days). C3l-I/He and
F I hybrid were parabiosed immediately after irradiation
(""Co 600 r) and the skin grafts from DDD were trans-
planted. In four pairs of ten pairs, DDD-grafts survived for
over 60 days.
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SKIN GRAFT SURVIVALS IN PARABIOTIC MICE
DONOR

GRAFT

RANGE
MEAN

SURVIVAL

10- 100 10-100 9-27
148

10-100 7-16

8.7

io. Transfer of Aiili-Shi'rp Er\throc\'le Antibody by
Pardbiosis:

0.5 ml of sheep erythrocytes suspension (10" cells equiv'a-
lent) was injected into the tail vein of DDD mice. One week
following this, the same amount of sheep erythrocytes sus-
pension was injected again for sensiti/.ation. Four days after
the booster injection, parahiosis was performed hetween these
sensitized DDD mice ami non-sensitized Fi hybrid mice. 2,
4, 6 antl 9 days after parabiosis, a blood sample was drawn
from 3 parabiotic pairs. Serving as controls was a group of
sensitized DDD-to-sensiti/ed DDD combination from which
blood Avas taken 2 days after parabiosis. The results are
shown in Fig. 4.

Hemolysin titer showed 6,4f)() units in sensitized DDD-sen-
sitized D D D parabionts and DDD not undergoing parabiosis.
However, hemolysin titer revealed 3,200-6,400 units m the
sensitized DDD-to-non sensitizetl Fi hybriti parabionts 2-1 i
days after parabiosis. Sheep crythrocyte antibody was pas-
sively transferred from sensitized DDD to Fi hybrid. Tn tbe
same experimental system, sensitized Fi hybrid-to-non sen-
sitized D D D parabiosis showed the hemolysin titers pre-
sented in Fig. 5.

Sensitized Fi hybrid \Aitliout parabiosis and sensiti/ed Fi

15 Acta AlU-ryologifa, 26, 3
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hybrid-sensitized Fi hybrid parabionts showed a hemolys'm
titer of 6,400 units on an average. When sensitizeci Fi hybrid
mice were joined with non sensitized DDD, the hemolysin titer
of F I hybrid showed 1,600 units on day second, fourth, sixth
and ninth day of parabiosis and then gradually ciecreased to
800 units on day 11 and 400 units on day 16, while non sen-
sitized parental DDD showed a hemolysin titer of 240 units
on day 11 and 16. From these experimental results it is
considered that transfer of antibody from sensitized F i
hybrids to non sensitized DDD is more difficult than that
from non sensitized DDD to Fi hybrids.

11. Changes of Complement Level by Parabiosis:

The complement level of normal adult Fi hybrid mice was
72.0-77.0 (average: 74.5) and that of DDD mice was below
20.0. Therefore, it should be possible to analyze exchanging
mechanisms of humoral factors by showing fluctuations in
complement titer following parabiosis. 2, 4, 6, 7, 14, 21 and
28 days after Fi hybrid-to-DDD parabiosis, the complement
titer was measured. As shown in Table 6, Fi hybrids showed
a complement level of 31.0—38.0 (average: 35.0) 2 days
following parabiosis, 30.0-38.0 (average: 34.0) 4 days, and
27.0—43.5 (average: 38.0) 6 days after parabiosis. 2, 4 and
6 days after parabiosis, the complement titer of DDD mice
was below 20.0. One week after parabiosis, the complement
titer of F I hybrid mice was 29.0—60.0 (average: 44.5);

• : - • . / " • • ; " • . • • ! • ' : . ; • • . , . . • • • • • • . • • • T A B L E 6 ; . ; ; . • - . . • ; • . : . .

. , Tolerance of hybrid-parciil parahiosis
combined ivilh "Co lotal-body irrtuiutlion.

Donor

DDD

DDD
DDD
DDD

, Recipient ^

C3H/He
C3H/He ('"Co 600 r)

-^ F I

-> C3H/He ("°Co 600 r)

c;
Range

11.2

.8.5

raft survi

> 6 o
. >6o

val

Mean

9-13
9-26
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; , " ' : ' . • . ': TABLE 7 • i , : : •

Serum eomplement level in parabiolic mice.

Davs after „ i , . ,
separation F.-hybrid Parent-DDD

4. •

6

I week

z weeks

3 weeks

4 weeks

Noi-mal mice

however, that of DDD was 49.0-60.0 (average: 54.5). Two
weeks after parabiosis, tlie complement titer of DDD mice
showed u rather higher value (48.0-48.5, average: 48.5)

I than that of Fi hyhrid miee (36.0-55.0, average: 37.0).
(Three weeks after parahiotic union, the average complement
iilevel was 54.0 in Fi hybrid mice and 41.0 in DDD mice. Four
weeks after parabiosis, Fi hybrid mice had a complement
titer of 48.0 on an average, and DDD mice averaged almost
the same titer of 42.0. Fi hybrid-to-DDD parabionts were

•separated 2 weeks following parabiosis. Two, 4, 7 and 9
days after separation of parabiotic union, their complement
levels were measured. As presented in Table 7, the com-
plement titer of F I hybriil mice 2, 4, 7 and 9 days after

.separation of union ^̂ •as 48.0 68.0, 65.0 and 53.0, respectively.

35-O
(31.0-38.0)

34-O
(30.Q-38.0)

38.0
(27.0-43.5)

4+.5
(29.0-60.0)

37-O ,
(36.0-55.0)

54.0
(41.0-54.0)

(41.0-54.0)

74-5
(72.0-77.0)

<2O.O

<2O.O

<2O.O

' • 54.5
(49.0-60.0)

; : ' 48-5
(48.0-48.5)

41.0
(31.0-47.0)

42.0
(40.0-44.0)

<2O.O

(20.0-20.0)



48.O
(44-O-52.0)

68.O
(67.0—69.0)

65.0
(63.5-67.0)

53-O
(+8.5-58-O)

74-5
(72.O-77-O)

<2O.O

<2O.O

<2O.O

<2O.O

(20.0-20.0)

<2O.O
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TABLE 8

Serum comptcincnt tcvct after separalion in fiarahiolir mice.

^"•^'V^^'-'' Fi-hvbrid Paieiit-DDD
parabiosis

2 days

4 days

7 days

9 days

Normal mice

This complement level of DDD mice rapidly returned to the
preopcrative value on the second clay of parabiotic separa-
tion.

12. Changes of Serum Complement by the Bone Marrow
Transplantation:

A gradual decrease of complement titer in C^H/He mice
following 800 r of ""Co irradiation is demonstrated in Fig.
6. 2.0 X 10̂  of normal isologous bone marrow cells were
intravenously injected into the tail vein 3 times at o, 24 and
48 hours after irradiation.

The complement titer of such treated mice revealed the
lowest value on the seventh day after irradiation and then
showed gradual recovery. The same amount of bone marrow
cells treated with ultrasonics or normal serum of C3lT/He
mice with a sufficient complement titer were intravenously
injected into the irradiated mice.

There was no significant difference in complement titer
between such treated mice and non treated (only irradiated)
mice. The animals inoculated with 9.0 X 10̂  bone marrow
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HEMAGGLUTININ ANTIBODY LEVEL IN R<\RABIOTIC MICE
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Transfer of anti-tumor resistajicc in adult miir by parabiosis.

Duration
of

parabiosis
Treatment Tiiinor Course of tumor

C ' 3 l l / H e

Ft a

FI
C3H/He

FI
DDD

FI
DDD

lo days

20 days

10 days

MM 134. z X 10" S.C. 100 % prog. M.S. =r 23 o

MH134.2X 10" S.C. 100 % reg.

MH134 2 X 10" S.C. 100 "̂ r prog. M.S. =: 28.3

MH1342 X lo'S.C. 100 % prog. M.S. = 3, .-
MH134.2 X io°S.C. 100 % prog. M.S. = 25. J

MII1342 X 10° S.C. 100% reg.
MH134 2 X 10" S.C. 100 % reg.

MII134 2 X 10" S.C. 35 % reg.
^^ 5°° •• MM 134 2 X 10" S.C. 40 % reg.

cells showed more rapid recovery in complement titer than
those inoculated with 6.0 X 10' of bone marrow cells as
shown in Fig. 7. Thus, the number of inoculated bone marrow
cells paralleled the recovery of complement titer in the recipi-
ent animals.

13. Transfer of Ttnnor-resistance by Parabiosis :

After subcutaneous inoculation of 2.0 X 10" of MH134
tumor cells originating from C3H/He mice, isologous C3H/
He strain mice survived for 23.0 days on an average. How-
ever, all DDD mice inoculated with MH134 tumor cells
showed a regression and (DDD 9 x C 3 H / H e 5) Fi hybrid
mice showed a mean survival time of 28.3 days. Fi hybrid
and C3H/He mice were joined in parabiosis. Ten days after
this, both parabionts were separated. One week following
parabiotic separation, 2.0 X 10° of MH134 tumor cells were
subcutaneously inoculated to the separated partners. Fi
hybrid mice had a mean survival time of 31.5 days and
C3H/He mice of 25.1 days. Twenty days after Fi hybrid-
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to-DDD parabiosis, the parabiotic union was separated. One
week following separation, 2.0 X 10" of M H 1 3 4 tuiiior
cells were subcutaneously injected to botli partners. D D D
mice rejectetl Ml 1134 cells at the rate of loo per cent and
Fi hybrid mice showed refi,ression in 35 per cent. Fi hybrid
mice irradiated with 500 ol ''"Co were parabiosecl with D D D
mice. Ten days after parabiosis the parabionts were separated.
MH134 tumor cells M-erc inoculatetl one week following-
parabiotic separation. Tlierealter, DDI) mice showed 100
per cent of regression of MFI134 cells and 40 per cent of F i
hybrid mice regressed MHi '54 cells. The tumor-resistance
of DDD mice coLild be transferred to Fi Iiybrid; however,
tumor-sensitivity ol Fi hybrid could not be transferred to
D D D mice. The fact that transler of tumor-resistance is
strengthened by preoperative irradiation of ''"Co to Fi hybrids
suggests an important role of cellular factors m such a resist-
ance.

D I S C U S S I O N

Parabiosis bet\\'een mice strains tlillerring at the H—2 locus
induces spontaneous separation ol parabiotic partners or
death due to so-called ,,parabiotic disease" about the second
week of union and only a few animals could survive for over
3 weeks. Several previous communications described that the
death of both partners by parabiotic intoxication occurred at
the same time. However, throughness of postoperative obser-
vation showed us that ileath ol one partner M'as followed by
that of the other. Death ol the second partner seems to be
the lethal effects of the dead partner on the living one (11) .
Parabiotic intoxication is commonly observed in V] hybrid
after parabiosing parental animals and their hybrid (16,17).

There are two techniques of parabiosis. In the first method,
only skin flaps and abdominal muscle are sutured without
making communication between the peritoneal cavities. In
the second techni(]ue, on the contrary, tlie peritoneal cavities
of both partners are communicated. In our experiments we
have employed the latter method. The duration of parabiotic
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union seems to he slightly prolonged by using the first tech-
nique. This may he clue to an extent ot communication ol
humoral or cellular factors between parahionts. Although
Ravzi (26) first reported an exsistence of ,,parahiotic dis-
ease" in igog, its true mechanism has been unknown for a
long period. In 1962 Nakir (23) initially demonstrated that
destruction of the lymphatic tissue occurred following compe-
tition oi immunological cells through the vascular anastomosis
between parabionts. Nakic also described that parabiotic dis-
ease is very similar to graft-versus host reaction. Hail & Hall
(15) have observed the growth of the capillary shunt between
the parabiotic partners. Cornelius and his co-workers (10)
explained that anemia or leucopenia of the hybrid would be
the result of blood shunt formation irom an Fi hybrid to its
parental partner. As sho'wn by Eichzvald and his associates
(11), parabiotic intoxication •̂\•as observed in Fi hybrid-to-

parental animal parabiosis following separation of union
within 5 days, postoperatively.

We have investigated the ahove-mentioned problems by
making use of of parabiotic technique between Fi hybrid and
its parents. In Fi hybrid-to-C,?FI/I le parabiosis, many dead
F I hybrid mice shoA\'ed symptoms such as generalized •̂̂ 'eak-
ness, loss of appetite, dermatitis, diarrhea, and alopecia irom
the end of the first week to the second week oi parabiosis.
White blood cells in the peripheral blood of such Fi hybrid
mice showed a rapid decrease on the second postoperative
clay and this was folloA '̂ed by a rapid rise on the fourth post-
operative day. Then, a gradual fall of white blood cells
occurred. Erythrocytes in such Fi hybrid partners showed
a gradual depression and in accordance Avith this, the skin of
F I hybrid partners changed its color to pale. While the color
of parental partner's skin seemed to be rather hyperemic than
F I hybrid. In C 3 H / H e partner, leucocyte count showed a
gradual decrease, however, the erythrocyte count kept con-
stant levels. The serum electrophoretic pattern on the eighth
day showed an increase of alpha- and beta-globulin and de-
crease of gamma-globulin in Fi hybrid mice. Partner H /
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He mice, on the contrary, showed increase ol alhuniin and
decrease of alpha- and tfanima-globulin. It is difficult to
clarify the significance ol such electrophoretic changes. As
shown by Nakie and his co-workers (24), when the same
mechanism is considered in parabiotic disease, the mice with
this disease should always have splenomegaly (28, 30).
However,, in our experiments, we did not always observe a
constant tendency of splenomegaly. Fi hybrid miee irradiated
with 500 r of ""Co were joined in parahiosis with DDD mice.
The spleen weight of such Ki hybritl mice was twice the con-
trol values.

When FT liyhrid mice irradiated with 500 r of ''"Co were
parabiosed in the same way with C3H/He mice, the spleen
weight of the Fi hybritl mice showed lesser value than the
control. In comparison Fi hybrid-to DDD parabiosis with
showed more rapid appearance of parabiotic intoxication and
early death than Fi-to-C^H/FIe parabiosis. From these
results, it may be consiilered that chronic parabiotic disease
does not always develop splenomegaly because of rapid
destruction of the lymphatic tissue. Both parahiotic dis-
ease and homologous disease undoubtedly induce significant
atrophic changes in the lymphatic tissue of the diseased
animals, but there was no particular change in other organs
( 2 , 2 9 ) .

In parabiosis between F'l hybrid mice and DDD mice full
thichkness skin grafts from DDD parabionts to Fi partners
and from Fi to DDD did not induce separation of the
parabiotic union. Although the skin grafts from DDD to Fi
hybrid mice survived for a long period, those from Fi hybrid
to DDD mice were rejected alter 8.7 days on an average. As
the skin grafts from free (non parabiosed) Fi hybrid mice
to DDD mice survived for 37.2 days, it is possible to say that
DDD-parabionts were immunized by Fi-parabionts. We con-
sidered that the second set phenomenon was induced by
cellular or humoral exchange following parabiosis. Skin grafts
from DDD mice to C^Fl/He mice irradiateci with 600 r of
""Co showed a survival time of 9-26 days (average: 18.5
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days) which is sii>nil icantly greater than that seen in controls
(11.2 (.lays).

Fi hybrid mice lrrachated with 61)0 r ol ""Co were parabiosetl
with C3H/I-Ie mice. Such parahiosed C3H/He iin'ce kept the
skin grafts from 1)1)D mice for over 60 days. These results
suggest that the tolerant condition of parental animals for Fi
skin grafts following Fi-to-parent parabiosis might be induced
by irradiation of the host animals. After sensitizing DIDD
mice with sheep erythrocytes, parabiosis was established be-
tween such sensitized J)1)D and Fi hybrid mice. It appeared
that hemolysin antibody was passively transferred to the Fi
hybrid. In sensitized Fi hybrid-to I^DD parabiosis, the
hemolysin titer of DDD showed a slight increase on day 9,
but its level was distinctly lower than in the Fi hybrid. The
minuinological reaction of the DDD against the Fi hybrid
partner seemetl to disturb transfer of antibody from the Fi
hybrid to its parent DDD. The same phenomenon was ob-
served after maintaining parabiotic union for 10 days. How-
ever, a rapid increase of hemolysin titer occurred following
separation of the parabiotic union between the sensitized
DDD and Fi liybrid. This suggests an increase of cells anti-
genically stimulated with sheep erythrocytes in the Fi hybrid
mice. When these FI hybrid mice were treated with a booster
dose of sheep erythrocytes, all of them died because of a
hypersensitivity reaction. The complement level of DDD
mice (below 20) was significantly lower than that of Fi hybrid
mice (average: 74.5). The complement level in Fi-to-DDD
parabionts showed no significant change within one week after
parabiosis. However, the complement lev̂ el of DDD showed
a rapid increase, and 4 Aveeks after parabiosis the complement
titer of DDl^ mice and their partners were at almost the same
level. This result seems to contradict the experimental data
o£ transfer of sheep antibody. Complement titer oi the DDD
partner 2 days following parabiotic separation showed no
significant change as compared with the preoperative level.
The increasing factors of complement in DDD mice thus
seemed to show a rapid disappearance following separation
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of purahiotic union. C ^ M / l l e mice i rrai l ia lct l fioo r of ''•"Q^y
showed ticcrcasc of coiiiplcnient level.

When normal hone marrow cells (aho\'e 2.0 X 10' cells)
from isolot^oLis mice were intravenously injecletl lor ;, t imes,
the complement le\'el increasetl ' I he cleu;ree ol increase in
complement level ran parallel wi th the amount of cells
injected. The complement t i ter did not increase al ter injec-
tion of serum or hone marrow' cells treated Liltrasonically.
Th is sufii^ests that an increase of complement level in D D D
mice fo l lowing parahiosis secmeil at least to he influenced by
cellular factors ( i H ) . It is reasonable to consider that the
eells of 1M concernetl with fluctuation ol complement t i ter in
D D D mice would he rejected immediately hy the i m n u m o
logical reaction ol D D D .

The mechanism of anemia in Ki hyhrid mice with parabiotic
disease has heen tliscussed hy \-arious investigators ( 1 1 ) .
Some authors described that red blood cells ol l'"i bybrit !
transmigrate to its parabiotic partner lollowiiiii," rec()\'ery of
blood circulation between both partners. When this occurretl
red blood cell ajr^lutination caLised by the immune response
of tlie j iartner was observed whereas the red blood cells of
partner mice could not be a.m^kitinated alter mij j iratin^ to the
V\ hybr id. As aL!,trhitinated erytln'ocytes were unable to return
to the hybrid this would reSLilt in anemia. y\nother e\|)lana-
tion is that vascular fj;rowtli I rom each |)artner into tlie other
permits both inf low and out i low ol hlood to a hmitei l area
of the partner. In conse(|uence, blootl I rom one partner could
circulate through a l imited area ol the other without u t i l i / i n ^
tlie other partner's hlood vessels. In the pure j iartner tlie
immune response would eventually ohliterate hoth the tlireet
vascular anastomoses and the hybrid vessels. lUit the hybr id,
beinjj; unable to obliterate the hlood vessels ol the pure part-
ner, would remain exposed to its imnuine res|)onse thoLijvh the
direct vascular anastomoses between the partners were al-
ready obliterated. I he anemia ol the hyhrul mice, wouUl then
be tbe consequence of tbe immune response on the hybrid
l iartner.



B o t h e x p l a n a t i o n s o l l c r c d lall lo t ake into aecounf l i iat
a n e m i a in the h\'hi"kl t ends to pi"()nress al tei- s e p a r a t i o n of
t h e p a r a b i o t i e union. It has been r e p o r t e d t h a t an ima l s can
r e c o v e r I rom p a r a h i o t i e d isease a l t e r s e p a r a t i o n of the
p a r a b i d t i e union. y\t t ha i t ime , the t lu ra t ion of pa rab io t i c
un ion shou ld he kep t in mind . It: is unlikely t ha t p a r e n t a l
a n t i b o d i e s IKU'IIIJ^- c rossed o v e r into the lu 'br id p r i o r to
s e p a r a t i o n ol union would m a k e i h e m s e h e s increasinoly fell
tluriii.U" t h e \ \ eek thei 'ea I ter . r i owe \ - e r , it is poss ible iha r the
i m m u n e e l l e c t wouUI become man l i e s t t h r o u g h p a r e n t a l cells
wliieli have c rossed o \ e r into the hybi'id p r i o r to the s e p a r a -
t ion ol tinion.

Var io t i s in\'esliL;al(>i"s ha\"e had \ari() t is opin ions abou t the
poss ib i l i ty ol t r a n s l e r ol t umor - r e s i s t ance I rom the host to
t h e p a r a b i o t i c p a r t n e r . W e ha\ 'e o b s e r \ e t l tha t an t i - t umor
f a c t o r s ol the p u r e i )ar t i ier coulil be t r a n s l e r r e d to the hybr id
p a r t n e r .

W i t h 2t») X "> ' cells of M H 1 J 4 asciric t u m o r cells
or ig ina t ing- I rom C j M / M e mice and l''i I n h r i d s sur\M\'al
t i m e oi such M l 1 1 54-beariim- C j l l / l l c mice and hybr ids
w a s 2^11 da\ ' s and 2S.,? days , respec tu 'e ly . I lowe\-er , all
of t h e 1)1)1) mice showed rei^ression ol J \ l l l i ^ 4 t u m o r
cel ls . "J he sef iara t ion ol C j l I / I Ie- to- l ' i hybrul pa rab ios i s
w a s p e r l o r m e d 10 days a l t e r pa rab ios i s and M I l i ^ 4 t u m o r
cel ls w e r e inocLilatcd to bo th p a r t n e r s one week lollowintf
s e p a r a t i o n . M e a n sur\ ' i \ 'a l t ime ol these two sef iara ted p a r t -
n e r s w a s ,̂  1. s days in l ' l hybi-id and i^.i thiys in C3I I / l i e
m i c e .

N o si.unilicaiu d i l l e r e n c e was ( )bser \ed in c o m p a r i s o n with
a c o n t r o l ^ r o u p . I' 1 h y b r i d - t o - l ) l ) l ) p a r a b i o s i s was separa tee!
a f t e r 20 tlays and M i l l 54 t u m o r cells wei'e mocuhi ted to
t h e s e s e p a r a t e t l p a r t n e r s . Altlu)iii>,h the 1)1)1) mice showed
n o sip;nificant d i f f e renee in t umor - r eg re s s ion as comparc t i
Avith the con t ro l t^rotip, ^ s pc r cent ol the l''t hybrid mice
s h o w e d reg res s ion ol the M l It ^4 t u m o r . 1 Ins sunxjests the
poss ib i l i ty t b a t an t i - t umor l ac to r s ol 1)1)1) mice were t r ans -
f e r r e d by the m e t h o d ol p a r a b i o s i s . !• 1 l n b r i d mice lrrathatecl
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with 5001- of ""Co and normal 1)1)1) mice were separated
10 clays after parabiosis. 10 clays after separation M l i i ^ ^
tumor cells were inoculated. 40 per cent of the Ki hybrid
mice showed regression of the tumor. Possibly the transfer
effect of anti-tumor factors is accelerated by irradiation of
Fi liyhrid mice. There is a strong prohahility that cellular fac-
tors play an important role in the development of anti-tuinor
effects. In addition transfer of parental cells to the F i
hybrid mice should he accelerated.

It has heen reported that parabiotie union between homo-
logous animals induced transfer of tolerance lor tumor ( 2 ) .
The immune tolerance produced by parabiosis is considered
to be effectuated by tolerant donor cells fixed in the recipients,
(jenetic relationship between donor and recipient holds the
key to the transfer of immune tolerance. When one partner
has a H - 2 allele not carried hy the other as in 1M hybrid-to-
parent unions, immune tolerant factors are transferred from
the parent to the 1M hybrid. On the contrary it is not easily
transferred from Fi hybrid to parent.

S U M M A R Y

I. The ckiration of parabiotie union was examined in adult
mice. Parabiotie union between histoinc()m|)atihle animals
showed spontaneous separation within 1—2 weeks. Sometimes
one parabiotie partner died ol parabiotie disease in sucb a
histoincompatible union.

On the contrary, jKirabiolic union between isologous strains
continued lor over 1 80 days.

2. In parabiosis between ( D D D *? X C3I 1/1 lc 3) Fi
hybrid and parental C3I 1/1 le mice, the duration of union was
ahnost the same as in other histoincompatible parabioses.
1 lowever, the union showed a duration ol 10-100 tlays in
(1)1)1)'? X C; , l l / l l e ' 5 ) 1M hyhrid-to-l)I)l) parabiosis. In
such a combination, |Kirabiotic disease exclusively developed
in the F I hyhrid partner which died within 2-3 weeks beeause
of anemia, loss of body weight, diarrhea and atro|ihy of the
lymphatic tissue.
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3- hi iiybriJ mice irradiated \\Mtli 500 r ol ''"Co \\'ere
joined in parahiosis ANIHI C311/1 le or D D D miee. One week
followinir this, the spleen weight ol these parabionts was
measured. The spleen neii^ht ol non parahioseil J*"i (only
irracliatetl ''"Co) was o.o/iS i;ni on an averai>e.

In irratliated l̂ 'i hyhritl-to-non irradiatetl I ) I )D parahiosis,
t he F i hybrid parahionl: showed a spleen \Aei,i4iit of 0.158 gni
a n d the D D D parabiont oi' 0.296 gin. In irradiated F i
hybrid-to-CjI I / H e parahiosis, the spleen M-eight of the F i
hybrid parahiont was 0.054 gin and that ol the C j H / H e
w a s 0.144 gm.

4. In F I hybrid-to-DDI) parabiosis, skin graits troin
D D D mice to both partners survived lor l o - i o o days. Skin
gra f t s frojn C;,I I /FIe to J<'i hyhritls were aeeepted. However,
g ra f t s from C j H / H e to D D l ) were rejected at 14.S days
on an average (9 -27 days). When skin grafts were ex-
changed between both parabiotic partners, 1̂  1 hybrids ac-
cepted the skin graft from D D D and D D D rejected the
skin from F i hyhrids at 8.7 days on an a\-erage (7-1C) ilays).
M e a n sm-vival time of skin grafts from non parahiosed F i
hybr ids to D D D was .57.2 tlays. Such a shortening ol skin
survival time must be due to an immune response.

:;. 600 r ""Co irradiated C\:;H/He mice ami l'"i hyhrid
mice M'ere joined in parahiosis. Immediately alter parahiosis,
skin grafting from D D D mice was [icrlormctl. 40 [icr cent
of the skin grafts sur\-i\-etl for o\cr 60 da\'s.

6. When D D D mice sensitized with sheep erythrocytes
w e r e parabiosetl with non sensitized l'"i hybrid mice. I he two
p a r t n e r s sliowetl almost the same heniolysin liter. When h i
hyhr ids sensitized with shee[i erythrocytes were joined in
parabiosis with non sensiti/ed Di^ i ) mice, the hcmolysin
t i t c r of the D I ) D jiarahionts was signimicanlly lower than
t h a t of the Fi hyhrid partners.

7 . The com|)lement le\'el w as examincil in I' 1 h)-brid-to-
D D D parabiosis. The complement le\el of the D D D partner
was below 20 until (> days folhnving parabiosis. One week
af te r paruhiosis it returned to almost tiie same level as that
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of the 1M hybrid. Twn weeks al ter pnrahlosis l)el\veen F i
hybrids and 1)1)1) tlie parabiolic union was separated. T h e
complement levels ol' the separated 1)1)1) jiartners showctl a
rapid deerease 2 days al ter ihe separation.

8. After irradiation of Soo r ""Co, the eompleiiient level
of C 3 H / I le miee showed a deerease. T h e eomplemeiu tit:er
rapidly reeovered following; injection ol 9.0 X 1 0 ' of iso-
lojrous bone marrow eells. 1 lowever, the eomplement level
did not show reeovery by inoculation ol ultrasonieally t r ea ted
bone marrow cells or by injeetion ol normal serum.

9. M H 1 3 4 tumor cells orioiiiatino; I rom C3I l / l le mice
were subcutaneously inoculated to C;,l 1/1 le antl ( 1 ) 1 ) 0 '^ x
C ^ H / H e 3) 1M hybrid mice.

T h e MI li.H-bearini!, C3I 1/1 le and the IM hyhrids died
of tumor 2 V" days and 2H.;, days al ter inoculation, resjjec-
tively, while \nn |ier cent of Ml 11 ,u-bearini^ 1)1)1) showed
regression of tlie tumor. IM hybrids ami L } \ I / I le miee were
jiarabiosed for ID days and then sei)arated. ( )ne week after
the separation M i l 134 tumor cells were inoeLilated to both
| iartners.

'l"he Ml 1 I ,U-bearini«: IM hybrid partners and C \ : ; I l / l l e
partners (hed .57.5 tlays and 25.1 days, respectively, because
of tumor. IM hybrid-to-DDI) )iarabiosis was maintainetl for
a lieriod of 20 days and then separateil. ( )ne week a l te r the
separation. Ml 1:34 tumor cells were transplanted. 35 per
cent of M H i H-'''^'i'''"K '" ' partners showed regression of the
tumor. IM hybritl miee irradiatetl with 500 r ''"Co were joined
in parahiosis with I ) i ) I ) mice lor m days and then sejiarateil.
40 per cent of the sejiarated IM hybi-id mice demonstrated
tumor regression.

I''roni these results it may be conchided that recoloni/ation
of cells occurs from parental animals to 1' 1 hybrid animals
and the cells transmitted from IM hybrids to parental animals
are rejected by the immune response ol the hosts. Thus , a
true cellular chimera is not established.
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