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SUMMARY

The mechanism of discordant xenograft rejection using
the quinea pig to rat heart graft model was studied . In
this model, we found that: (A) Rejection occurred
rapidly, in 17.5+ 8.3 minutes (mean#+ SD) (n = 8). (B) The
graft survived 1longer when the recipient rat was
pretreated with cobra venom facter (CVF): (C) Complement
hemolytic titers in serum showed significant reduction
of C3 in rejection without consumption of C4 and C2,
suggesting complement activation through the alternative
pathway. (D) No natural antibodies were detected in this
combination. Complement-dependent cytotoxicity (CDC)
titer, and hemagglutination (HA) titer were lower than
X 1. (E) Histological examination of the rejected heart
xenograft revealed a large area of myocytolysis without
‘interstitial cellular infiltration. (F) In vitro
experiments showed that rat complement attacked gquinea
pig erythrocytes (Egp) via the alternative pathway.
These findings indicate that rejection in this
discordant xenograft model of guinea pig to rat was
caused by primary activation of complement via the

alternative pathway.



INTRODUCTION

Xenotransplantation is classified into concordant and
discordant transplantation. Concordant grafts survive
longer than discordant grafts. For example, when hamster
hearts are transplanted to rats, rejection occurs in 3
to 4 days(l). In contrast, discordant grafts are
rejected in an order of minutes : for example, when
guinea pig hearts are transplanted to rats, the
rejection time is 10 to 30 minutes (2-4). This rapid
rejection has been termed hyperacute rejection. It has
been generally accepted that discordant xenografts are
rejecied by the activity of natural or aquired
antibodies and subsequent complement activation through
the classical pathway (5,6).

However, no definitive evidence has been demonstrated
that antibodies and classical complement components take
part in this type of rejection. Furthermore, recent
‘progress in complementology has shown that the
complement system recognizes, and reacts with, foreign
materials without the mediation of antibodies (7,8).
This antibody-independent pathway of complement
activation has been characterized as the alternative
pathway. It has never been tested whether xenografts can
be rejected by activation of the alternative pathway. In
this work, we investigated the mechanism of hyperacute
rejection using heart transplantation in two donor-
recipient species combinations, guinea pigs to untreated

rats and hamsters to presensitized rats.

MATERIALS AND METHODS
Animals. Female outbred guinea pigs weighing 180-205g,

and female outbred hamsters weigﬁing 120-155g were

obtained from Nihon Dobutsu Co.. Male Lewis inbred

rats (LEW) weighing 150-260g were obtained from Oriental
v e



Yeast Co.. The pair of donor and recipient was selected
according to the body weight ratio in 0.7-0.8.

Transplantation technique. Donor and recipients were

anesthetized with ether. Heterotopic heart grafting was
performed by a modified microvascular surgical technique
as described by Ono and Lindsey (9). Rejection was
considered to be completed when no hearf contraction was
revealed.

Experimental models. Four groups of animal pairs were

selected to examine the discordant xenotransplantation
immunology : group A = guinea pig to LEW rat (n = 8), .
group B = hamster to presensitized LEW rat (n = 8),
group C (control) = LEW rat to LEW rat (n = 8), group D
= guinea pig to C3-depleted LEW rat (n = 4).

Rat anti—hamster serum. Serum was obtained from LEW

rats immunized twice with hamster spleen cells. 1.5 ml
of this serum with high CDC titer ( =128 )
was injected intravenously in group B rats to
presensitize.

C3 depletion-effect test (3). CVF (200 u/kg) ( Naja
Naja Kaouthia, Sigma, lot no. 49c-0249 ) (10) was

injected intraperitoneally 3 hours before
transplantation in group D rats. The effect of CVF on
graft survival time was studied'by comparing group D
with group A. (Rejection was judged manually through the
abdominal wall every 12 hours in group D.)

Collection of sera (11). To study the change in serum

complement during rejection, 0.2-0.3 ml of blood was
collected from the recipient rats of groups A to C three
times as follows: aortic blood before unclamping (before
rejection), graft right ventricle (RV) blood about 5
minutes after release of clamp (during rejection), and
aortic blood after rejection was completed (after
rejection). * In the control group, the aortic blood
_5_



was collected 20 minutes after the clamp was released.
These blood samples were allowed to stand at room
temperature for about 40 minutes and were centrifuged at
2500 rpm for 5 minutes to obtain the serum. The serum
was stored at -70°C and, in principle, the frozen serum
was defrosted only once before the assay.

Assays of the hemolytic activities of complement. All

hemolytic activities of complement were measured by the
microtiter method. CHS50 was determined according to the
method of Mayer (12). ACHS50 was assayed according to
the method of Platts-Milles and Ishizaka (13) with
slight modification, in which Egp was used as the target
cell. The hemolytic activity of C4 and C2 in rat serum
were determined as described previously (14,15) with
some modifications. In brief, C4 activity was estimated
by use of sensitized erythrocytes (EA) bearing guinea
pig C1 (EAC1gp), C2 of guinea pig origin and normal rat
serum diluted in EDTA buffer for the source of C3-C9
(Crat-EDTA) . C2 activity was determined by use of EA
bearing C1 and C4 of rat orign (EACl4rat), prepared from
EA and rat serum by TTHA method (16), and Crat-EDTA.
Hemolyéic activities of C3 and C5 were estimated as
described previously (17,18).

Assay for natural and aquired antibody in serum.

i} CDC assays. CDC titer was measured according to the
methods described by Obata et al.(19), in which guinea

pig serum diluted 1:15 in medium was used as a

complement source. As a positive control, serum obtained
from a rat sensitized twice with guinea pig spleen cells
was used in group A, and serum obtained from a rat
sensitized twice with hamster spleen cells was used in
group B. Eagle with Earle's minimum éssential medium was
used as medium.

i) HA assays. HA titer was measured according to the
_6_




methods described by Tanaka et al. (20). The same serum
used in CDC assays was utilized as a positive control.

Histological examination (4,21). After rejection was

complete, the animals were sacrified to remove the graft
for histological examination. Hematoxylin and eosin
stain was used. The stained grafts were observed under

the light microscope.

Sera for the in vitro study. For the study of

cytolysis in vitro, sera were prepared from normal LEW
rat serum (NRS) as follows. i) B-depleted rat serum
(RS) : NRS was incubated at 48.0-48.5°C for 30 minutes to
deplete the activity of Factor B (22). In this serum,
not the classical pathway but the alternative pathway of
the complement system can be activated. ii) Aggre-Ig
treéted RS : NRS was allowed to react with aggregated
human IgG to reduce the activity of early components
(C4,C2) of the classical complement pathway (23). Only
the alternative complement pathway can be activated in
this serum. iii) Absorbed RS : Natural antibody to Egp in
rat serum was depletede by repeated incubations of rat
serum with packed'Egp in the presence of EDTA.

In vitro assay to determine the complement pathway.

Serial dilutions of the rat sera were incubated with Egp
in glucose gelatine veronal buffer (GGVB) containing
Ca?* and Mg?* or Mg-EGTA-GGVB (16,18) at 37°C for 60
minutes. After centrifugation, each hemoglobin content
in the supernatant was estimated and the degree of
hemolysis of each serum was calculated and expressed in
% hemolysis or CH50 value (16-18).

Statistical analysis. Quantitative data were analyzed

by unpaired Student's t tests and considered significant
at P< 0.05. '



RESULTS

Two kinds of hyperacute rejection models (Table 1).

Cardiac transplantation was carried out in two groups of
experimental animals. As shown in Table 1, guinea pig
hearts were rejected in 17.5 + 8.3 minutes (n = 8)
after transplantation in untreated rats (group A), and
hamster hearts were rejected in 11.8 %= 4.9 minutes (n =
8) in the presensitized rat (group B) . The difference in
rejection times of these two groups was not
statistically significant. In the control group, rat
heart' to rat (group C), all grafts showed normal
pulsétion as long as observed (n = 8). Thus, two kinds
of hyperacute rejection models (guinea pig to rat and
hamster to presensitized rat) were prepered. The
following studies were carried out to investigate the
mechanism of hyperacute rejection in these two groupes,
especially the participation of the antibody and
complement systems.

Effect of C3 depietion on the rejection time (Table 1).

Guinea pig hearts were transplanteded rats pretreated
with CVF to deplete C3 (group D). As shown in Table 1,
the rejection time ‘was greatly prolonged from 17.5
minutes to 2-3 days, indicating that the complement
system, especialy C3; plays an important role in this
discordant xenograft rejection.

Serum complement levels in rejection (Fig.1). To

analyze complement participation in hyperacute
rejection, we stgdied serum complement levels in these
groups. Sera were obtained in groups A-C, and.assayed
for complement activity. The hemolytic titer of each
serum sample was expressed as a percentage of the titer
before transplantation. The results are sum&arized in
Fig.1. As shown, in group A, C3 levels decreased
significantly in the serum during and after rejection ,
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but the CHS50, ACHS50, C4, C2 and C5 levels were not
changed significantly. However, in group B, the CHSO0,
C4, and C3 levels decreased significantly in the serum
after rejection and the CHS50, C4, C2, and C3 levels
decreased in the serum during rejection. C4
activity during rejection was particularly 1low,
31.5+19.6 % of that before transplantation. These
findings indicate that, as expected, complement was
activated through the classical pathway in group B.
However, in group A, the complement profile is quite
different from group B, indicating complement
activation, not through the classical pathway but
through the alternative pathway.

Natural antibody levels in rat serum (Table 2). The

levels of natural antibody in rat serum against guinea
pig tissue were measured to determine whether these
antibodies participate iﬁ this complement-dependent
xenograft rejection. CDC and HA were assayed in group A
and B. As shown in Table 2, natural antibody -against
guinea pig tissue was not detected by CDC or HA assay in
rat serum. But, in the'sen§itized'rat; serum antibody
against hamster cell was detected clearly, as expected.
These findings indicate that, through the graft is
rejected in an antibody-dependent fashion in group B,
rejection may proceed without the perticipation of
antibody in group A.

Histological study (Hematoxilin-eosin staining:Fig.2).

The rejected grafts of group A were studied
microscopically. ‘Interstitial massive hemorrhage and
myocytolysis were observed in a large area, but there
was no interstitial cellular infiltration. These
findings may be typical in the iesion of complement-
dependent hyperacute rejection.

Thus, these 1in vivo studies suggest that the

— g



hyperacute rejection of guinea pig grafts by rats is due
to the complement activation through the alternative
pathway without participation of antibody.

Lysis of Egp by rat serum as in vitro model of

discordant xenotransplantation (Fig.3). In order to

analyze the complement-dependent cytolysis of guinea pig
tissue by the rat, an in vitro study was undertaken by
using Egp as the target cell and four kinds of rat sera.
Figure 3-A shows the complement activity (CH50 and
ACH50) in each rat serum preparation. Hemolysis of Egp
in GGVB or in Mg-EGTA-GGVB was estimated using these
sera. As shown in Fig 3-B, the degree of lysis of Egp by
untreated NRS in GGVB was similar to that in Mg-EGTA-
GGVB, indicating that Egp 1lysis by rat serum in the
presence of Ca?t and Mg?* proceeded not through the
classical pathway but through the alternative pathway of
the complement system. This was confirmed by further
experiments using B~depleted RS and aggre-I1g treated RS,
in which Egp was not lysed by B-depleted RS but lysed by
aggre-Ig treated RS. Antibody-independent Eg§ lysis was
indicated again by the effective Egp lysis by éntibody—
absorbed RS. The degree of Egp 1ysis'by aggre-I1g treated
RS or by absorbed RS in GGVB was similar to that in Mg-
EGTA-GGVB. Thus, in vitro studies also indicated that
guinea pig cells are lysed by complement in rat serum,
not bthrough the classical pathway, but through the
alternative pathway of activation without participation

of natural antibody.

DISCUSSION
The goal of this study was to clarify the mechanism of
rejection of xenografts within 30 min. Rapid rejection
that occurs in such a hyperacute manner (so called

hyperacute rejection) has been observed when recipients



are presensitized antibodies to their donors, or when
discordant xenografts are transplanted. Participation of
humoral factors such as antibodies, complement and
factors of the coagulation system, as well as cellular
immuinity has been described in this kind of rapid
rejection (3,24). Successive reports, however, did not
show an effect of anti-platelet o% anti-clotting
reagents on prolongation of graft survival. In addition,
several reports suggested that pretreatment with CVF,
but not with anti-platelets agents such as aspirin,
prolonged discordant xenograft survival (3).
Prolongation of graft survival by pretreatment with CVF
was demonstrated in our hyperacute rejection model as
well as in other models (25). These results indicate
that antibodies and the complement system participate in
the induction of hyperacute rejection, and the effect of
platelets and, possibly, clotting is minimal, if any. We
established two models of hyperacute rejection of heart
xenotransplants ( discordant model and présensitized
concordant model ) and ,changes in serum complement
levels due to'rejection in these models was studied to
distinguish'the complement activation pathways. We did
not use a model of allograft hyperacute rejection in
which cardiac grafts from ACI rats are transplanted to
LEW rats (6), since rejection takes more than 10 hours,
indicéting an atypical hyperacute rejection (26).
Complement levels of the recipient rats were determined
in serum obtained immediately after rejection. A
significant reduction of C4 and C3 was detected in the
serum of presensitized rats receiving concordant heart
xenografts. C3, C4, and C2 titers ;tended‘to decrease
more in the graft RV blood than in aortic blood.
Reduction of C4 and C2 indicated the activation of the

classical complement pathway that occurs in an antibody-



dependent fashion. In contrast, only C3 was reduced in
the wunsensitized rats receiving discordant hearts.
Decrease of C3 without consumption of C4 and C2, is a
typical ©profile of activation of the alternative
complement pathway that is independent to antibodies.
These results, taken together with the fact that CVF
depletes C3 without any effect on C4 and C2, indicats
that hyperacute rejection of discordant heart xenografts
is related mainly to activation of C3. In the discordant
xenotransplantation model of guinea pig to fat, CDC and
HA titers in rat serum were negligible, and thus the
presence of natural antibodies to the grafts in the
recipient'ratsrwas ruled out. Therefore, the activation
of C3 is considered to have occurred primarily through
the alternative pathway. The results from the
presensitized concordant  xenotransplantation  model
supported the concept that antibodies and secondary
activation of the classical complement pathway induce
hyperacute rejection. On contrast, the results from the
discordant xenotransplantation model led to the

conclusion that the activation of only the alternative

complement pathway, without any participation of
antibodies, induces graft rejection in hyperacute
manner. ' '

It has been reported that there is a correlation
between natural antibodies and the alternative pathway
(20,27) . The alternative pathway can also be activated
by some types of antibodies. However, it would be
surprising if undetectable amounts of natural antibodies
could induce a rapid reaction ocurring in the order of
minutes. Furthermore, no depletion of C4 and C2 in the
graft RV blood suggests a lack of antibodies. Reduction
of C3 in the RV blood shows that the xenografts directly
activate complement. '



We also investigated whether some cellular immunity
contributed to hyperacute rejection. Histological
analysis of the rejected heart grafts revealed no
celluar infiltration. It is wunlikely that cellular
infiltration occures within minutes. Moreover, according
to results described by others, cyclosporine and aspirin
did not effectively prolong xenograft survival (3).
These results indicate that the influence of cellular
immunity on this type of rejection may bé minimal. Our
results disagree with a current concept that ischemic
changes in myocaldial tissue after transplantation
resulting in infraction, may be responsible for
hyperacute rejection (3,21), and suggest that ischemic
changes do not occur within 20 minutes.

Using an 1in vitro system, we examined whether rat
serum damaged quinea pig cells, and found that recipient
complement attacked the transplanted xenografts. Rat
serum easily lysed Egp, and the lysis ocurred only via
the alternative pathway. These results are in agreement
with our in vivo results. However, guinea pig nucleated
cells such as spleen cells are resistant to rat
complement. Failure of nucleated. cells to be-iyéed by
'Complement has been reported , but no definitive
mechanism has been propééed (28) . Some unknown process
may underlie in the extensive damage of graft myocytes
accomplished by the recipient complement system.

The mechanism of rejection by complement activation
might oécur as follows. Once the activated form of C3,
C3b, is deposited on the target cells, the subsequent
components are activated in turn to form a membrane
attack complex resulting in cell lysis. If the cell is
protected from complement attack, the deposited C3b must
be rapidly inactivated by complgment 'regulatory

proteins that reside in plasma or on the cell-surface



(29-33) . However, in the xenograft rejection, the
deposited recipient C3b remains active on the graft
cell-surface, because C3b is essential to activate the
alternative pathway via which the rat C3 was consumed
by the guinea pig grafts. If rat C3b were compatible
with guinea pig regulatory proteins, the C3b deposited
on the graft would have been effectively inactivated,
and subsequent activation of the alternative pathway
would not have ocurred. Therefore, one ©possible
mechanism that causes comsumption of the C3 in the
grafts is the incompatibility of rat C3b with guinea pig
regulatory proteins. Further studies on species-specific
reactions between complement and its regulatory proteins

will be necessary to test the above hypothesis.



REFERENCES
1. Homan WP, Williams KA, Fabre JW, Millard PR, Morris
PJ. Prolongation of cardiac xenograft survival in rats
receiving cyclosporin A. Transplantation 1981; 31: 164.
2. Jamiesen SW. Xenograft hyperacute rejection; a new
model. Transplantation 1974; 17: 533.
3. Adachi H, Rosengard BR, Hutchins GM; et al. Effects
of cyclosporine, aspirin, and cobra venom factor on
discordant cardiac xenograft survival in rats.
Transplant Proc 1987; 19: 1145.
4. Settaf A, Meriggi F, Van de Stade J, et al. Delayed
rejection of liver xenografts compared to  Theart
xenografts in the rat. Transplant Proc 1987; 19: 1155.
5. Berden JHM, Capel PJA, Koene RAP. The role of
complement factors in acute antibody-mediated rejection
of mouse skin allografts. Eur J Immunol 1978; 8: 158.
6. Forbes RDC, Pinto-Blonde M, Guttmann RD. The effect
of anticomplementary cobra venom factor on hyperacute
rat cardiac allograft rejection. Lab Invest 1978; 39:
463.
7. Okada H, Tanaka H, Okada N. Prevention of complement
activation on the homologous cell membrane of nucleated
cells as well as erythrocytes. Eur J Immunol 1983; 13:
340.
8. Okada H, Tanaka H. Species specific inhibition by
glycophorin of complement activation via the alternative
pathway. Mol Immunol 1983; 20: 1233.
9. Ono K, Lindsey ES. Improved technique of heart
transplantation in rats. J Thorac Cardiovasc Surg 1969;
57: 225.
10. Vogel CW, Miller-Eberhard HJ. Cobra venom factor:
improved method for purificatioﬁ and biochemical
characterization. J Immunol Methods 1984; 73: 203.
11. Shek PN, . Howe SA. A novel method for the rapid

_15_



bleeding of rats from the tail vein. J Immunol Methods.
1982; 53: 255.

12. Mayer MM. Complement and complement fixation. In
Experimental Immunochemistry. Ed. by EA Kabat & MM
Mayer. Charies C Thomas, Springfield, Ill. p133, 1961.
13. Platts-Mills TAE, Ishizaka K. Activation of the
alternate pathway of human complement by.rabbit cells. J
Immunol 1974; 113: 348.

14. Borsos T, Rapp HJ. Chromatographic separation of the
first component of complement and its assay on a
molecular basis. J Immunol 1963; 91: 851.

15. Borsos T, Rapp HJ, Mayer MM. Studies on the second
component of complement. 1. The reaction between EAC14
and C2; evidence on the single site mechanism of immune
hemolysis and determination of C2 on a molecular basis.
J Immunol 1961; 87: 310.

16. Nagaki K, Iida K, Inai S. A new method for the
preparation of EAC14 cell with human or guinea-pig
serum. J Immunol Methods 1974; 5: 80.

17. Kitamura H, Nishimukai 3, Sano Y, Nagaki K.‘Study on
C3-like factor in the serum of a C3-deficiant subject.
Immunology 1984; 51: 239.

18. Tida K, Fujita T, Inai S, Sasaki M, Kato T,
Kobayashi K. Complement fixing abilities of IgA myeloma
proteins and their fragments: the activation of
complement through the classical pathway.
Immunochemistry. 1976; 13: 747.

19. Obata Y, Stockert E, O donnell PV, Okubo S, Snyder
HW, 0l1d LJ. G(RADA1): A new cell surface antigen of
mouse leukemia defined by naturally occurring antibody
and its relationship to murine leukemia virus. J Exp Med
1978; 147: 1089.

20. Tanaka S, Kitamura F, Suzuki T. Studies on the
hemolytic activity of the classical and alternative



pathway of complement in various animal species.
Complement 1987; 4: 33.

21. Cattell V, Jamieson SW. Hyperacute rejection of
guinea-pig to rat cardiac xenografts. I Morphology. J
Path 1975; 115: 183.

22. Lesavre PH, Hugli TE, Esser AF, Miller-Eberhard HJ.
The alternative pathway C3/C5 convertase: Chemical basis
of fator B activation. J Immunol 1979; 123: 529.

23. Ishizaka T, Ishizaka K. Biological activities of
aggregated gamma globulin I. Skin reactive and
complement~fixing properties of heart denatured gamma
globulin (25116). Proc Soc Exp Biol and Med 1959; 101:
845.

24. Mejia-Laguna JE, Martinez-Palomo A, Biroc CE, Chéavez
B, Lépez-Soriano F, Garcia-Cornejo M. Morphologic study
of the participation of the complement system in
hyperacute rejection of renal xenotransplants. Am J
Pathol 1972; 69: 71.

25. Kemp E, Kemp G, Larsen S. Survival of discordant
renal xenografts up to 3 days assessment of function,
light‘and immunofluorescent microscopy. J Urol Nephrol
1980; 54: 150. -

26. Knechtle SJ, Halperin EC, Murphy CE, et al. The
effect of cyclosporine, total lymphoid irradiation, and
cobra venom facter on hyperacute rejection. J Heart
Transplant 1985; 4: 541.

27. Okada N, Yasuda T, Okada H. Antibody-mediated
alternative complement pathway activation resists
inhibition by sialoglycolipids. J Immunol 1985; 134;
3316.

28. Kim SH, Carney DF, Hammer CH, and Shin ML. Nucleated
cell killing by complement: effécfs of C5b-9 channel
size and extracellular Ca?* on the lytic process. J
Immunol 1987; 138: 1530.



29. Fearon DT. Regulation of the amplification <3
convertase of human complement by an inhibitory protein
isolated from human erythrocyte membranes. Proc Natl
Acad Sci USA 1979; 76: 5867.

30. Nicholson-weller A, Burge J, Fearon DT, Weller PF,
Austen KF. Isolation of a human erythrocyte membrane
glycoprotein with decay-accelerating activity for C3
convertases of the complement system. J Immunol 1982;
129: 184.

31. Seya T, Turner JR, Atkinson JP. Purification and
characterization of a membrane protein (gp45-70) that is
a cofactor for cleavage of C3b and C4b. J Exp Med 1986;
163: 837.

32. Zalman LS, Wood LM, Miller-Eberhard HJ. Isolation of
a human erythrocyte membrane protein capable of
inhibiting expression of homologuos complement
transmembrane channels. Proc Natl Acad Sci USA 1986; 83:
6975.

33. Schonermark S, Rauterbergf EW, Shin ML, Lodke S,
Roelcke D, Hdnsch GH. Homologous species restriction in
lysis of human grythrocytes: a membrane—dgrived protein
" with C8—bindinchapacity functions as an inhibitor. J
Immunol 1986; 136: 1772.



TABLE 1. Outcome of graft survival
Group Graft survival time
A; guinea pig— LEW rat 2,13,15,15,17,20,28,30
( 17.5+ 8.3 )* min.
B; hamster— presensitized LEW rat® 5,7,7,10,14,15,17,19
{ 11.8£ 4.9 )2 min.
C; LEW rat— LEW rat

All grafts showed normal pulsation.

D; guinea pig—>C3 depleted LEW ratc 2, 2.5, 3, 3 days

*Mean + SD.
PLEW rat which was given anti-hamster serum.
°LEW rat which was given CVF (200u/kg) 3 hours before

transplantation.



TABLE 2. CDC and HA titers in A and B groups

CDC titer HA titer

A-12: <1 B-1®: 16-32 A-12: «1 B-2%: 128
2 : < 3 : 32 2 <1 4 : 64
3 <1 5 : 16-32 3 <1 6 : 64
4 <1 7 : 16-32 4 <1 8 : 128
5 <1 C?: >128 5 <1 C*: >256.
6 : «1 6 : <1
7 <1 7 : «1
8 <1 8 : «1
Ce: 32-64 Ce: »256

2Guinea pig to LEW rat group.

*Hamster to presensitized rat with the anti-hamster
antibody group.

¢Serum from a rat twice sensitized with guinea pig
spleen cells was used as the positive control.
“Serum from a rat twice sensitized with hamster

spleen cells was used as the positive control.



FIGURE 1. Change in hemolytic activities of complement
in heart graft rejection. All titers (represent mean =+
SD) based on the initial value (= 100); titers of aorta
blood before release of clamp (n = 8). Comparison of
titers was done using Student's t test.

A; complement titers in aorta blood after rejection, in
control group {group C) 20 minutes after release of
clamp.[ O = guinea pig to LEW rat (group A); o = hamster
to presensitized LEW rat{(group B); e = LEW rat to LEW
rat, control group ({(group C).] In group A, C3 was
significantly lower than the control (p<0.01). In group
B, CH50, C4, C3 were reduced significantly (p<0.05).

B; complement titers of graft RV blood during rejection
(graft perfution blood) about 5 minuts after release of
clamp. In group A, C3 was significantly decreased
(p<0.05). In group B, CH50, and C2 were significantly
decreased (p<0.05). €3 was also decreased (p<0.01), and
C4 was decreased greatly (p<0.005). All these changes of
complement hemolytic activity imply that in group B the
classical ©pathway activated but in group A the

alternative pathway was activated.

FIGURE 2. Guinea pig heart graft removed at the time of
rejection. (A) Massive interstitial hemorrhage was seen
( Hematoxylin and eosin, X 100 ). (B) Large area of
myocytolysis appears but ischemic change of myocytes in
about 20 minutes was not considerable ( Hematoxylin and
eosin, X 100 ). There was no interstitial cellular

infiltration in any rejected heart grafts.



FIGURE 3. In vitro study to determine which complement
pathway of rat serum is activated in Egp lysis.[ NRS =
nornal Lewis rat serum (® ), B-depleted RS = rat serum

which was heated to inactivate Factor B (o), Aggre-Ig

treated RS = rat serum which was pretreated with
aggregate IgG to deplete the classical pathway (0 ),
Absorbed RS = rat serum subjected to antibody

absorption{(a).]

A; The CH50 and ACHS50 titers of these sera are
indicated ( open bars = CH50, closed bars = ACH50 ). Bar
indicats the mean value of titers and barbell shapes
line reveal SD from three experiments.

B; The pattern of Egp lysis in each dilution of these
sera is indicated. These sera were incubated with Egp in
GGVB at 37° C for 60 minutes as a model of in vivo
xenograft rejection (thick line). In comparison,
patterns of ACHS50 incubated with Egp in Mg-EGTA-GGVB at
37° C for 60 minutes were shown (thin line). The two
curves in each serum were almost the same, indicating
that rat complement attacked Egp only through the

alternative pathway.
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Summary

Intestinal obstruction due to congenital absence of the
small intestinal musculature in a neonate is presented.

This report represents the seventh known case of this ab-
normality.

In addition, in our case ectopic oesophageal mucosa and ec-
topic gastric mucosa is detected.

The aetiology of this condition is unknown, and the diagno-
sis must simply depend on pathological examination of
biopsy samples taken from appropriate regions.

Unfortunately the regions of this disease have no conti-
nuity. Therefore, course of treatment cannot be established as
the extent of the region cannot be correctly identified.

To detect change of colour tone of the bowel may be helpful
in the treatment of the disease.

Key words: Intestinal obstruction—Intestinal musculature-
Small bowel

Zusammenfassung

Es wird ein Darmverschlul3 durch angeborenes Fehlen der
Diinndarmmuskulatur bei einem Neugeborenen beschrieben.

Der vorliegende Bericht bezieht sich auf den 7. bekannten
Fall dieser Anomalie. Bei dem vorliegenden Fall wurde tiber-
dies ektop Speiserdhren- und Magenschleimhaut gefunden.
Die Atiologie der Muskelagenesie ist unbekannt. Die Dia-
gnose begriindet sich ausschlieBlich auf eine histologische Un-
tersuchung von Darmwandbiopsien. Eine Farbtonidnderung
der Darmwand kann jedoch auf die Fehlbildung hinweisen.

Schliisselwdrter: DarmverschluB - Darmwandmuskulatur —
Diinndarm

Case report

On August 6th, 1981, a female baby was born, weighing 2,300 gm
at 38 weeks of normal gestation. The Apgar score was 10 points.
There was no evidence of hydramnion. Her brother was normal.

Her abdomen became distended, and she began to vomit repeatedly
green, bile-like fluid 14 hours after birth. Her abdominal roentgeno-
grams revealed abdominal gas retention in the small bowel.

A nelaton catheter was inserted 6 cm deep into the rectum and
consequently there was discharge of a small quantity of meconium.

Her subsequent barium enema revealed microcolon, but failed to vis-
ualise as far as the ileum. An obstruction of the small intestine was
thus suspected. An emergency operation was performed.

The jejunum was rather dilated over a length of 50 cm from Treitz’s
ligament, and shrinkage extended down to the anus from the dilation
(Fig. 1). Here and there meconium colour was observed through the
bowel walls, and the colour tone of some bowel sections mainly near
Treitz’s ligament changed gradually reflecting the colour of the bile
(Fig. 1, arrows). The small intestine had no obstruction, and there was
no cyst in the pancreas. Therefore, we did not only suspect meconium
plague syndrome, but we also suspected extensive aganglionosis.

An intestinal fistula was formed at the caliber charge-like portion
between the dilated and shrunken regions, and frozen biopsy samples
were collected from the ileum and descending colon. No remarkable
change at the two frozen sections was detected, and the presence of
ganglion cells was confirmed.

After the operation, the patient’s bowel remained distended. There
were weak bowel sounds and vomiting.

An upper gastrointestinal series showed poor mobility, and no evi-
dence of obstruction. Anorectal manometric study showed positive
reflex.

;‘g;.’i‘ ;
Fig. 1
indicated by the arrows (1), a change in colour tone was also ob-
served

The jejunum was rather dilated over a length of 50cm. As
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However, the state of the ileus persisted. Her condition gradually
degenerated due to unknown causes, and she died of sepsis on Oct.
7th after 72 days of her life. Permission was granted for autopsy.

Pathology

Macroscopically skipped paper-like thin regions were revealed
mainly at the dilated jejunum.

Histologically those parts were lacking completely in musculature
(Fig. 2, E). In addition, ectopic oesophageal mucosa and ectopic gas-
tric mucosa were seen in the other sections of the dilated jejunum
(Fig. 3, A and B). The nerve plexus was present, although it looked
rather atrophic. No remarkable change in the colon was detected.

Fig. 3 A) Ectopic oesophageal mucosa was observed near
Treitz's ligament. (H & E, x.100). B) Ectopic gastric mucosa was
seen in the section, 40-50 cm from Treitz's ligament. (H & E, x40)

Fig. 2 A) Gross specimen (after
fixing in formalin}. B) Fragments.
C), D) Photomicrographs show-
ing junction of the normal and
abnormal bowel wall, by the ar-
rows (7). (H & E, x40). E) This
section showing only mucosa
and serosa. (H & E, x40).

Comments

The case of the absence of the small intestine musculature
presented here has brought the total of such cases to seven
since the first case reported by Emanuel et al (3) in 1967. De-
tails of individuals are summarised in Table I. Our case also
presented mucosal abnormalities. However, no mucosal
changes were described at all in the other cases.

Case 4 developed from a right inguinal hernia, strangulated
for 48 hours. Case 6 developed at the 12th month because of
incomplete muscular deficiency. All the other cases deve-
loped the disease with symptoms of obstruction at the small
intestine in the neonatal stage. Microcolon was detected in
this case by barium enema, but not in cases 1, 2 and 3.

Obstruction of the small intestine usually requires an emer-
gency operation. Therefore, it is highly probable that the dis-
ease may be treated by laparotomy under the diagnosis of sus-
pected stricture or obstruction of the small intestine.

By means of laparotomy the possibility of stricture of ob-
struction of the small intestine can be definitively discounted.
Except for case | whose outward appearance indicated abnor-
mality, the diagnosis must simply depend on pathological ex-
amination of biopsy samples taken from appropriate regions.
Appropriate regions would be the parts of stricture and dilata-
tion just above the affected section.

Unfortunately the regions of the disease have no continuity.
Therefore, course of treatment cannot be established as the
extent of the region cannot be correctly identified.

Steiner et al (6) state that transillumination of the bowel
provides some insight. In our case, change of colour tone
could also be detected in the photograms after the operation
(Fig. 1, arrows). This may be helpful for treatment of the dis-
ease in future.
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Table! Summary of the reported cases

Case 11 22 32 44 55 6¢ Qur case

Gestation 37 wk Fuil Full ? Full ? 38 wk

Family history + - ? ? ? ? -

Physical exam.

Birth wt. 2523¢g 2740g 1930¢g ? ? ? 2300¢g

Early abd. + + + ? ? ? +
)distension

Meconium - - - ? ? ? +

Abd. mass - +(RLQ) - ? - ? -~

Radiologic

findings

Small bowel + + + - + - +

cbstruction

Ba-enema Normal Normal Normal ? ? ? Microcolon

Operation Small bowe! lleocol- R-hemicol- End-to-end End-to-end End-to-end Jejuno-

resection ectomy ectomy anastomosis anastomosis anastomosis stomy

Pathology

gross

Smallint, Sausagetink  Dilated Dilated Dilated Dilated Dilated Dilated

Colon Normal Normal Normal Normal Normal Normal Normal

Microscopic

absence of Complete Complete Compiete Complete Complete Circular Complete

_ musculature muscle

Extent of Entire Distal Distal Mid. Distal Mid. Entire

region small int. ileum ileum ileum ileum ileum small int.

Colon Normal Normal Normal Normal Normal Normal Normal

Age at death 62 hr 40 days 124 days - - - 72 days

Autopsy + + + - - - +

RLQ: Right Lower Quadrant
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CASE OF BRONCHOBILIARY FISTULA FOLLOWING HEPATIC ARTERY
EMBOLIZATION FOR METASTATIC LIVER TUMOR

Shuji MIYAGAWA, Masahiko MIYATA, Kazuyasu NAKAOQ, Tsukuru HASHIMOTO,
Yasuhiro TANAKA, Tsuguo SAKAMOTO, Hiromasa SAKAGUCHI,
Yasumasa MONDEN and Yasunaru KAWASHIMA
The First Department of Surgery, Osaka University Medical School
(Director: Prof. Yasunaru KAWASHIMA)

Hepatic artery embolization was performed for metastatic liver lesions in a 43-year-old man with gastrinoma. The
tumor invading the diaphragm necrotized. Subsequently, a bronchobiliary fistula was formed between the tumor and
the lower lobe bronchus of the right lung. The patient died of respiratory failure. Forty-Eight cases of bronchobiliary
fistula reported in Japan were reviewed. »
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A case of thromboexclusion thchnique for
extended descending thoracic aneurysm
Shuji Miyagawa*, Tokio Yamaguchi*, Osamu
Kuroda*, Akihiro Okuda*, Tetsuto Takao*,
Hiroyuki Nakaba®*, Masakatsu Ohtani**,
Katsuhiko Thara***.
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**The First Department of Surgery, Osaka
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