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INADEQUATE ANTIBODY RESPONSE AGAINST RESPIRATORY
VIRAL INFECTION IN LONG-SURVIVING RAT

LUNG ALLOGRAFTS1

J o b s t  B. W in te r ,2 M a r g a r e th a  G r o e n ,2 S ie t s k e  W e ll in g ,3 K e e s  v a n  d e r  L o g t ,4
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Cardiopulmonary Surgery Research Divisiont University H ospital Groningen, Groningen; D epartm ent of Virology, 
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Lung transplant recipients suffer from a high num 
ber of v iral infections. It has been suggested that the 
defense against viral infections is im paired in  lung  
transplants. Therefore, we investigated in  rat lung  
transplants w hether antibody responses against an 
intrapulm onary viral infection were im paired in  3 
groups o f rats with: (1) BN-to-LEW allogeneic lung  
transplants, (2) LEW-to-LEW syngeneic lung trans
plants, and (3) nontransplanted LEW lungs. All rats 
(including those w ith nontransplanted, norm al lungs) 
were treated  w ith  cyclosporine on days 2 and 3 after 
operation; this treatm ent is adequate to induce perm a
nent graft acceptance of the allografts. Six m onths 
after transplantation, viral infections w ith Sendai vi
rus (parainfluenza type I) were induced intratrache- 
ally. At day 0, im m ediately before infection, and at 
days 4, 7, 21, and 56 after infection, 4 rats in  each group 
were k illed  for histological evaluation o f the lungs. 
The num ber of antibody-positive cells in  the bronchus- 
associated lym phoid tissue (BALT) in  the lungs and in  
the sp leen , and presence of the virus in  the lungs w ere 
determ ined by im m unohistology. Serum antibody ti
ters w ere follow ed for 56 days after infection.

The allogeneically  transplanted lungs failed  to  re
spond adequately against the virus: the num ber of 
antibody-positive cells in  the BALT did not increase  
after infection, serum antibody titers w ere hardly de
tectable, and virus was present in the airw ays o f the 
lungs up to day 21 after infection. In contrast, in  the 
syngeneic ally and nontransplanted lungs, the num ber 
of antibody-form ing cells in the BALT increased  
steeply u n til day 7, serum antibody titers rose until 
day 14, and virus could be detected only on day 4 after 
infection.

This study shows that in rat lung allografts, both the 
local antibody production in the BALT and the sys
tem ic antibody response against a respiratory viral 
in fection  are inadequate. As a consequence, the virus 
is present longer in these allografted lungs and can  
exert its dam aging effect over a longer period o f tim e.
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5 Address correspondence to: Dr. J. Prop, Cardiopulmonary Sur
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These results m ay explain  w hy lung transplants are so 
susceptible to viral infections.

Viral infections frequently affect the lungs of patients after 
heart-lung and lung transplantation and these infections are 
associated with high morbidity and mortality (1, 2). Lung 
transplant recipients suffer from infections twice as often as 
heart transplant recipients, despite comparable immunosup
pressive protocols. So far, it is unclear why lung transplants 
are so susceptible to viral infections.

After a respiratory viral infection in the normal lung, an
tiviral antibodies are produced locally in the lung, in the 
bronchus-associated lymphoid tissue (BALT)* in animals 
such as rats and rabbits, and systemically in the spleen (3,4). 
It is generally assumed that the local antibody production, 
especially the production of IgA in the BALT, is the most 
important first defense against an intrapulmonary viral in
fection (3-6). Whether the antiviral antibody production is 
affected by transplantation of the lungs is not known. How
ever, in long-surviving rat lung allografts, we found the cell 
density in the BALT to be decreased, possibly as a result of 
rejection episodes (7). Similarly, in a clinical study, the num
ber of immunoglobulin-positive cells in the submucosa of the 
transplanted lung was reduced in patients with chronic pul
monary rejection (8), This raises the question of whether in 
the transplanted lung a normal antibody response can be 
generated against viral infections.

In this study, therefore, we investigated the local and the 
systemic antibody responses and the clearance of virus from 
the airways after intrapulmonary infection with Sendai virus 
(parainfluenza type I) in long-surviving ra t lung transplants 
with chronic rejection (9),

MATERIALS AND METHODS
Experim ental design. Antiviral antibody responses and presence 

of virus in the airways were investigated in long-surviving lung 
transplants and in normal lungs after intrapulmonary infection with 
Sendai virus (parainfluenza type I). LEW rats were divided into 3 
groups: in group 1 , the rats received allogeneic BN lung transplants 
(n=20), in group 2, the rats received syngeneic LEW lung trans
plants (n=20), and in group 3, the rats received no lung transplants 
(n=20). All rats were immunosuppressed with a cyclosporine (CsA) 
injection on days 2 and 3 after transplantation. The nontransplanted 
rats of group 3 received the same immunosuppressive treatment. Six 
months later, 4 animals in each group were killed as noninfected 
controls (day 0). The remaining 16 rats of each group were infected

* Abbreviation: BALT, bronchus-associated lymphoid tissue.



1584 TRANSPLANTATION V ol 59 , N o .

intratracheally with Sendai virus. At days 4, 7, 21, and 56 after 
infection, 4 infected animals in each group were killed for histological 
examination of the lungs and the spleens. Besides morphological 
evaluation of histopathology, the number of immunoglobulin-posi
tive cells in the BALT and the spleen were determined semiquanti- 
tatively by immunohistology. Serum antibody titers were followed in 
the rats that survived until death at 56 days after infection. Clear
ance of the virus from the airways was determined by a monoclonal 
antibody staining against Sendai virus.

Rats. Young adult, male, specific pathogen-free LEW (RT11) and 
BN (RTln) rats, weighing 250-350 g, were obtained from Zentral- 
Institut fur Versuchstiere, Hannover, Germany. All animals re
ceived humane care in compliance with the Dutch regulations and 
law.

Lung transplantation. Left lung grafts were orthotopically trans
planted in the thorax, according to the improved technique of Prop 
and Marck (20). Briefly, the donor lung was dissected and its vascu
lar bed was flushed with cold saline. The recipient’s left lung was 
removed and replaced with the donor lung; the pulmonary vein and 
artery were anastomosed first and then the bronchus.

To exclude technical failures, the transplanted lungs were moni
tored by chest roentgenography weekly during the first month and 
from then monthly until the day of infection with Sendai virus. All 
chest roentgenograms showed normal appearence of the trans
planted lung at the day of infection.

All rats received CsA (provided by Sandoz Pharmaceuticals Corp., 
Basel, Switzerland), dissolved in olive oil, intramuscularly in a dos
age of 25 mg/kg body weight on days 2 and 3 after lung transplan
tation. This treatment is adequate to induce permanent graft accep
tance of the lung allografts. Normal rats also received CsA for 2 days.

Virus, In this study, Sendai virus (parainfluenza type I) was used 
to induce a respiratory infection. Culture and preparation of Sendai 
virus were performed by the ICLAS Reference Centre for Rodent 
Viruses (Department of Microbiology, University Hospital Nijmegen, 
Nijmegen, The Netherlands), as described previously (11).

Sendai virus was injected intratracheally, at a dose of 103 plaque- 
forming units in 0.2 ml of medium. In a pilot study, this virus load 
induced mild pulmonary changes in normal LEW rats, with hyper
plasia and lymphocytic infiltration of the bronchial epithelium and 
mild perivascular lymphocytic infiltration, which were transient.

Histology. For histological investigation of the lungs and spleens, 
the rats were exsanguinated under ether anesthesia. Heart and 
lungs were removed from the thoracic cavity and the spleen was 
taken from the abdomen. The lungs were intratracheally infused 
with optimum cutting temperature compound (Tissue-tek II; Lab- 
Tek Division, Miles Laboratories Inc., Naperville, IL) diluted 1:1 in 
PBS. Left and right lungs were separated at the hilar region and 
each lung was cut into 2 halves through the main bronchus to get 
longitudinal sections including the main bronchus. The spleen was 
cut in 2-mm-thick slices. One half lung and 3 slices of each spleen 
were embedded for paraffin sections. The other half lung and 3 slices 
of each spleen were snap-frozen in liquid nitrogen and stored at 
-80°C for immunohistological evaluation. Paraffin sections of lungs 
and spleens were stained for light microscopy with hematoxylin and 
eosin and methyl green pyronin,

Immunohistochemistry. The antibody-positive cells in the BALT 
of the infected lungs and in the spleens were detected with the mAbs 
MARM, MARG, and MARA, directed against IgM-, IgG-, and IgA- 
containing cells, respectively (gift of Dr. F. Kroese, Department of 
Histology and Cell Biology, University of Groningen, Groningen, The 
Netherlands). Virus-positive cells were stained with mAb MAB 
834-3 directed against parainfluenza I virus (Chemicon Interna
tional Inc., Temecula, CA). Therefore, serial cryostat sections were 
cut at 6 ¡xm and air-dried for 30 min. The sections were rinsed in PBS 
and then incubated at room temperature for 1  hr with the appropri
ate monoclonal antibodies. After washing 3 times in PBS, sections 
were incubated for 30 min with horseradish-peroxidase-conjugated 
rabbit-antimouse Ig (DAKO, Denmark). Peroxidase was revealed by

staining with 3,3'-diaminobenzidine tetrachloride. Sections were 
lightly counterstained with hematoxylin. To assess nonspecific stain
ing, control sections were incubated with PBS instead of monoclonal 
antibodies.

Assessment o f cell numbers. The number of antibody-positive 
(IgA, IgG, and IgM) cells in sections of the BALT and spleen was 
counted using a grid micrometer with 100 squares at a magnification 
of X400. The number of antibody-forming cells was counted in 6 
randomly selected areas in each BALT and in 6 B cell areas in each 
spleen.

The number of virus-positive cells was scored in a semiquantita- 
tive way, recognizing 4 cell scores in which -  = no cells, + = 1-10 
positive cells, + H- = 10-20  positive cells, and + + + = more than 20 
positive cells per field of view at a magnification of X400.

Serum, antibody titers. Immediately before infection (day 0) and 
at intervals after infection (4, 7, 14, 21, 28, 42, and 56 days) blood 
samples for antibody titer measurements were obtained by retro- 
orbital puncture. The titer of Sendai-specific antibodies was deter
mined with an ELISA titer plate assay using the direct binding 
method. Alternate columns of the titer plate were coated with para
influenza virus or bovine albumin as control. Serum was added at a 
1:50 dilution and serially diluted. Then enzyme-labeled goat anti-rat 
Ig was used as detecting agent. Titers were calculated based on the
2 log transformation of the last dilution showing positive reaction,

Statistical analysis. Means and standard deviations of the num
ber of immunoglobulin-positive cells in the BALT and in the spleen 
were calculated for the different groups on the different time points. 
Mean systemic antibody titers and standard deviations in the differ
ent groups were calculated on the basis of the 2 log titers of the 
individual titers. Number of antibody-forming cells, serum antibody 
titers, and the number of virus-positive cells in the lungs in the 
different experimental groups were compared with the Mann-Whit
ney rank sum test for unpaired values. The number of antibody- 
forming cells and the number of virus-positive cells in the left and 
right lungs were compared with the Wilcoxon signed rank test for 
paired values, A P-value of less than 0.05 was considered statisti
cally significant. All statistical calculations were performed with the 
statistical software package StatviewII for the Apple Macintosh com
puter.

RESULTS

Local Antibody Response in the BALT
Morphological immune response in the BALT, In the non

infected rats (day 0), the BALT of the allogeneically trans
planted lungs was cell poor and small compared with the 
BALT in the syngeneically transplanted and nontrans
planted lungs, After infection, no morphological immune re
sponse developed in the BALT of the allogeneically trans
planted lungs. Activated lymphocytes and plasma cells did 
not appear in the BALT during the observation period of 56 
days after infection (Fig. 1A). As a consequence, the BALT in 
these allogeneically transplanted lungs did not increase in 
size, In the BALT of the syngeneically transplanted and 
normal lungs, a massive morphological response started on 
day 4 after infection with the appearance of lymphoblasts. At 
day 7 after infection, large numbers of pyroninophylic lym
phoblasts were present throughout the BALT. From day 21 
through day 56 after infection, plasma cells were present in 
high numbers in the BALT. During the strong morphological 
immune response, the size of the BALT increased consider
ably and remained enlarged until day 56 after infection (Fig.
IB).

Numbers of antibody-positive cells in the BALT  Assess
ment of antibody-positive cells showed that already before 
infection the total number of antibody-positive cells in the
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BALT of the allogeneically transplanted lung was signifi
cantly lower (PcO.OS) than in the syngeneically transplanted 
and nontransplanted lungs (Fig. 2).

After infection, the number of cells in the BALT positive 
for total Ig or IgA did not increase in allogeneically trans
planted lungs (Fig. 2), In the syngeneically transplanted and 
nontransplanted lungs, the number of Ig-positive cells in the 
BALT started to increase already on day 4 after infection. In 
particular, the number of IgA-positive cells increased quickly 
in the syngeneically transplanted and nontransplanted lungs 
(Fig. 2). These numbers remained high up to 56 days after 
infection. The results of the syngeneically transplanted lungs 
were in striking parallel to the results of the nontransplanted 
lungs.

The contralateral right (nontransplanted) lungs in all 
groups showed an increase in antibody-positive cells in the 
BALT which was the same as that in the nontransplanted 
left lungs.

Systemic Antibody Response
Morphological immune response in the spleen. Light mi

croscopy of the spleens in all 3 groups showed a typical 
immunoproliferative response in the B cell areas (germinal 
centers and corona) and in the T cell areas (PALS). In the 
allogeneically transplanted rats, the intensity of the systemic 
immune response was weaker than in the syngeneically 
transplanted and nontransplanted rats: in the allogeneically 
transplanted rats, the plasma cell reaction was weak and the 
T cell response involved only parts of the PALSes. This re
sulted in smaller germinal centers in the spleens of the 
allogeneically transplanted rats than in the other groups.

Numbers of antibody-positive cells in the spleen. The num
ber of antibody-positive cells in the spleens of the allogenei
cally transplanted group did increase, but was lower than in 
the syngeneically transplanted and normal groups (P<0.05 
on days 7 and 21) (Fig. 3), which corresponds with the weaker 
germinal center reaction in the allogeneically transplanted 
group after viral infection. In contrast to the BALT, the 
number of IgA-forming cells in the spleen remained low in all 
groups.

Serum antibody titer. Serum antibody titers after infec
tion in all groups corresponded to the number of antibody- 
forming cells in the spleen. The antibody titers were signifi
cantly lower in the allogeneically transplanted group than in 
the syngeneically transplanted and nontransplanted groups 
(P<0,01 on from day 7 after infection) (Fig, 4).

Clearance of Virus-Positive Cells from Bronchial
Epithelium

Virus-positive cells could clearly be detected in the bron
chial epithelium on day 4 after infection in all infected lungs

F ig u r e  1. Morphological immune response in the BALT after respi
ratory viral infection in allogeneic lung transplants (A) and synge
neic lung transplants (B) on day 56 after infection (hematoxylin and

eosin, original magnification X60), (A) In allogeneic lung trans
plants, after infection, no immune response developed in the rem
nants of the BALT of these lungs (EP = epithelium, A = bronchial 
artery). Activated lymphocytes and plasma cells did not appear in 
the BALT. As a consequence, the BALT did not increase in size. (B) 
In the BALT of syngeneic lung transplants, a massive immune 
response developed, with the appearance of follicles (indicated by 
asterisks) containing lymphocytes in different stages of activation 
and plasma cells (EP = epithelium). During this strong immune 
response, the size of the BALT increased considerably.
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F ig u r e  2. Number of antibody-positive cells in the BALT of the lung 
after respiratory viral infection. After infection, the number of cells 
in the BALT positive for total Ig or IgA did not increase in the 
allogeneically transplanted lungs (•). In the syngeneically trans
planted lungs (O) and nontransplanted lungs (□), the number of 
Ig-positive cells in the BALT had already started to increase on day 
4 after infection. In particular, the number of IgA-positive cells 
increased quickly in the BALT of the syngeneically and nontrans
planted lungs. Ig and IgA cell numbers were significantly lower in 
the allogeneically transplanted lungs than in the syngeneically and 
non transplanted lungs on all corresponding time points CP<0.01).

(Fig. 5, A and C). The distribution of the virus was more 
widespread in the allogeneically transplanted lungs than in 
the syngeneically and nontransplanted lungs, affecting also 
the bronchioles (Table 1). Furthermore, clearance of the virus 
from the epithelium was slower in the allogeneically trans
planted lungs than in the syngeneically transplanted and 
nontransplanted lungs (Table 1). In the allogeneically trans
planted lungs, virus-positive cells were still present in the 
epithelium of the airways on day 21 after infection (Fig, 5B). 
In contrast, in the syngeneically transplanted and normal 
lungs, virus-positive cells could not be detected in the epithe-
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F ig u r e  3. The number of antibody-positive cells in the spleen after 
respiratory viral infection. The number of total antibody-positive 
cells in the spleens of the allogeneically transplanted group (•) did 
increase, but was lower than in the syngeneically transplanted (O) 
and nontransplanted (□) groups (*P<0,05 on days 7 and 21). Num
ber of IgA-positive cells virtually did not increase in either of the 3 
groups, without any difference among the groups.

lium of the airways anymore after day 4 after infection (Fig. 
5D).

The contralateral right lungs in all groups showed a sim
ilar pattern of presence of the virus as the syngeneically 
transplanted and normal left lung; also, in these lungs, virus 
was only found on day 4 after infection.

DISCUSSION
This study demonstrates that in rats with allogeneic lung 

transplants, both the local antibody response in the BALT 
and the systemic antibody response against a respiratory 
viral infection are inadequate. This is supported by the find
ing that the virus is cleared more slowly from the lung 
allografts than from syngeneically transplanted lungs and 
nontransplanted lungs.

In normal lungs, an important component of the defense
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F igure  4. Serum antibody titer after respiratory viral infection de
tected with ELISA titer assay. The serum antibody titers were sig
nificantly lower in the allogeneically transplanted group (•)  than in 
the syngeneically transplanted (O) and nontransplanted (□) groups 
(P<0.01 from day 7 after infection).

system against respiratory viral infections has been attrib
uted to antibody production locally in the BALT (3-5, 12). 
Local IgA production is particularly important in preventing 
infection by the virus of the bronchial epithelium by blocking 
of viral antigens (3S). It has been shown that patients with 
an impaired IgA production are predisposed to pulmonary 
viral infections (5 ,13). Our present study demonstrated that 
allogeneic rat lung transplants are not capable of generating 
an antibody response in the BALT. After infection with Sen
dai virus in the allogeneic lung transplants, a morphological 
immune response in the BALT did not occur and the number 
of IgA-containing cells in the BALT did not increase. A sim
ilar observation has been made in a study of the immune 
responses in rat small bowel transplants (14). In that study, 
no local IgA antibody response occurred in the Peyer’s 
patches (the local lymphoid tissue in the small bowel) after 
immunization with cholera toxin. Taken together, these re
sults suggest that the local lymphoid tissue, i.e., BALT in the 
lungs, does not function properly after allogeneic transplan
tation.

Explanations for the impaired function of BALT in lung 
allografts may be found in the structural changes of its lym
phoid tissue. Already prior to infection, the surface area and 
cell density of the BALT (7) and the number of Ig-containing 
cells in the BALT (Fig. 2) are decreased in the allografts. Two 
causes have been suggested to be responsible for these struc
tural changes, considering the fact that these changes occur 
only in the allogeneic and not in the syngeneic lung trans
plants. First, the BALT in the lung allografts may be dam
aged by rejection because of its high immunogenicity (15). 
Such damage by rejection was supported by findings in two 
clinical studies. In one report, a decrease in the number of 
Ig-containing cells in the submucosa of transplanted lungs 
was associated with chronic rejection (8). Another clinical 
study reported fibrosis of concomitantly transplanted hilar
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Figure 5. A-D. Presence of virus in the bronchial epithelium of 
allogeneic lung transplants (A and B) and syngeneic lung trans
plants (C and D) 4 days after infection with Sendai virus (A and C) 
and 21 days after infection (B and D). (Cryostat sections were stained 
with an mAb against Sendai virus; original magnification x 125). (A) 
In allogeneic lung transplants on day 4 after infection, large num
bers of virus-containing epithelial cells could be detected in the large 
airways (arrows). The epithelium is hyperplastic and necrotic. (B) On 
day 2 1  after infection, significant numbers of virus-containing cells 
could still be detected in the large airways. The epithelium is still 
hyperplastic. (C) In syngeneic lung transplants on day 4 after infec
tion, virus-containing cells could clearly be detected in the epithe
lium of the large airways (arrows), but in lower number numbers 
than in the allogeneic lung transplants. The epithelium is hyperplas
tic, but not necrotic. (D) On day 21 after infection, virus could not be 
detected in the epithelium anymore. The epithelium is completely 
normal.

lymph nodes in heart-Iung transplants with rejection epi
sodes (16). Second, the BALT may be depleted of lymphocytes 
if migration of recipient lymphocytes to the BALT in the lung 
allografts is disturbed. To our knowledge, no studies have 
been published about migration of recipient lymphocytes into 
the BALT of allogeneic lung transplants. Results from a 
current animal study indicate that fibrosis of the BALT in 
long-surviving allogeneic ra t lung transplants hampers nor
mal migration of recipient lymphocytes indeed (17). It is 
quite conceivable that these structural changes prevent a 
proper function of BALT after respiratory viral infections.

Besides the local antibody response, the systemic antibody 
response in spleen and blood also was impaired in the al
lografted animals; the cause of it is unclear. One could imag
ine that induction of antiviral responses in the spleen is 
already affected in allografted rats. As mentioned above, the 
numbers of recipient lymphocytes migrating through the 
lung allograft, or at least through its BALT, are largely 
reduced. On top of that, the uptake of antigens from the 
airways into the BALT has been found to be blocked, proba-
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Table 1. Virus-positive cells in the epithelium of the airways
Days after infection

0 4 7 21 56

Allogeneically transplanted rats
Left lungs

Large airways -  + + +
Bronchioles — + + + /-

Right lungs
Large airways _  + — —  —

Bronchioles ~  +/_ — —  —

Syngeneically transplanted and nontransplanted rats
Left lungs

Large airways + — —  —

Bronchioles -  + /- — —  —

Right lungs
Large airways + — —  —

Bronchioles — —  —

a Virus-positive cells were present significantly longer in the epi
thelium of the allogeneically transplanted lungs than in the airways 
of the syngeneically transplanted and nontransplanted lungs.

bly by a fibrotic layer isolating the BALT (17). In this way, a 
proper surveillance and peripheral sensitization of lympho
cytes may be prevented. Absence of peripheral sensitization 
will prevent the induction of the systemic response against 
respiratory infections. One can also imagine that the sys
temic response is affected after its induction by a suppressive 
bystander effect: suppressor mechanisms of the allore- 
sponses, involved in maintaining the graft, interfere with the 
antiviral responses. Bystander suppression of alloresponses 
and other immune responses has been shown in various 
experimental models (18). In parallel, we found an equal 
systemic suppression of antiviral responses when rats with 
long-surviving heart and spleen allografts (19) were infected 
by the intrapulmonary route with Sendai virus: the systemic 
antibody response was equally low as in the allografted group 
in this study (for 4 rats, the average peak titer was 3±0.5 on 
day 21 after infection). Irrespective of the cause of the re
duced systemic antibody response, it seems to have little 
influence on the clearance of the Sendai virus from the air
ways. This is demonstrated by our present finding that virus 
was cleared normally from the contralateral, right nontrans
planted lung in the alio gen eically transplanted animals. We 
attribute the normal clearance of the virus to the adequate 
antibody production in the BALT of these contralateral right 
lungs. These findings are an illustration of the idea that a 
proper function of the BALT is most essential for an adequate 
response against a respiratory viral infection.

Not all responses against intrapulmonary antigens are 
suppressed in lung allografts. In a previous study, we found 
that a normal serum antibody titer was generated after in
stillation of sheep RBC in long-surviving rat lung allografts
(20). These antibodies, however, are not produced in the 
BALT of the donor lung, but in the paratracheal lymph nodes
(21). Also, the induction of this response in the paratracheal 
lymph nodes is independent of the BALT, because these 
antigens are transported directly through lymph vessels to 
the lymph nodes (21), Whether T cell responses are normal in 
lung allografts cannot be excluded, because this was not 
investigated specifically in the present study. However, it is 
unlikely that they are normal, because morphological T cell 
responses were absent in the BALT and largely reduced in T

cell areas of the spleen. T cell responses are more important 
for defense against viral infections such as CMV (22) than 
against respiratory viral infections that depend heavily on 
IgA antibodies for primary defense.

A consequence of the impaired antibody responses against 
respiratory viral infections in the allogeneic lung transplants 
is that the virus is present in the airways over a prolonged 
period of time. During its prolonged presence in the airways, 
the virus can initiate an excessive inflammatory reaction 
with subsequent severe airway damage. In a previous study, 
this airway damage after viral infection in lung allogeneic 
lung transplants appeared to be very severe (23). We think 
that this severely damaging effect of viral infections in allo
geneic lung transplants may contribute to the development of 
obliterative bronchiolitis, which is the major complication 
after clinical lung transplantation (24).

From this study, it is clear that the BALT in allogeneically 
transplanted lungs is not capable of generating an adequate 
antibody response against respiratory viral infections. As a 
consequence, the virus is present longer in these allografted 
lungs and can exert its damaging effect over a longer period 
of time. These results may explain why lung transplants are 
so susceptible to viral infections and why viral infections 
cause severe damage in these lung transplants.

1. Gryzan S, Paradis IL, Zeevi A, et al, Unexpectedly high inci
dence of Pneumocystis carinii infection after heart-lung trans
plantation. Am Rev Respir Dis 1988; 137: 1268.

2 . Zenati M, Dowling RD, Dummer S, et al. Influence of the donor
lung on development of early infections in lung transplant 
recipients. J  Heart Transplant 1990; 9: 502.

3. Blandford G, Heath RB. Studies on the immune responses and
pathogenesis of Sendai virus infection of mice. II. The immu
noglobulin class of plasma cells in the bronchial sub-mucosa. 
Immunology 1974; 26: 667.

4. Charlton D, Blandford G. Immunoglobulin class-specific anti
body response in serum, spleen, lungs and broncho alveolar 
washings after primary and secondary Sendai virus infection 
of germfree mice, Infect Immun 1977; 17: 521.

5. Bjorkander J, Bake B, Oxelius V-A, Hanson LA. Impaired lung
function in patients with IgA deficiency and low levels of IgG2 
of IgG3. N Engl J Med 1985; 313: 720.

6. Sminia T, Van der Brugge-Gamelkoorn GJ, Jeurissen SHM.
Structure and function of bronchus-associated lymphoid tissue
(BALT). Crit Rev Immunol 1989; 9: 119.

7. Uyama T, Prop J, Petersen AH, et al, Reduction of lymphoid
tissue in long-term surviving rat lung allografts. Transplant 
Proc 1990; 22: 2013.

8. Hruban RH, Beschorner WE, Baumgartner WA, et al. Depletion
of bronchus-associated lymphoid tissue associated with lung 
allograft rejection. Am J  Pathol 1988; 132: 6.

9. Uyama T, Winter JB, Groen G, Wildevuur ChRH, Monden Y,
Prop J. Late airway changes caused by chronic rejection in rat 
lung allografts. Transplantation 1992; 54: 809.

10. Prop J, Marck KW. Lung transplantation in the rat. In: Olsze
wski WL, ed. CRC handbook of microsurgery, Vol 2, Boca 
Raton, FL: CRC Press, 1983: 493.

11. Sawicky L. Influence of age of mice on the recovery from exper
imental Sendai virus infection. Nature 1961; 192: 1258.

12. Anderson JJ, Norden J, Saunders D, Toms GL, Scott R. Analysis
of the local and systemic immune responses induced in BALB/c 
mice by experimental respiratory syncytial virus infection. 
J  Gen Virol 1990; 71: 1561.

13. Mellander L, Bjorkander J, Carlsson B, et aL Secretory antibod-



June 15, 1995 ALVARADO ET AL 1589

ies in IgA-deficient and immunosuppressed individuals. J  Clin 
Immunol 1986; 6: 284.

14. Xia W, Kirkman RL. Immune function in transplanted small
intestine. Total secretory IgA production and response against 
cholera toxin. Transplantation 1990; 49: 277.

15. Prop J, Wildevuur ChRH, Nieuwenhuis P. Lung allograft rejec
tion in the rat: II. Specific immunological properties of lung 
grafts. Transplantation 1985; 40: 126.

16. Hua R, Hruban RH, Baumgartner WA, Reitz BA, Baker RR,
Hutchins GM. Hemorrhagic infarction of hilar lymph nodes 
associated with combined heart Jung transplantation, J  Tho- 
rac Cardiovasc Surg 1990; 99: 861.

17. Winter JB, Groen M, Petersen A, Prop J. Defective BALT in
long-term surviving rat lung allografts [Abstract]. J Heart 
Lung Transplant 1994; 13: S92.

18. Bianchi ATJ, Hussaarts-Odijk LM, van der Kwast ThH, Bril H,
Benner R. Suppression of antigraft immunity by preimmuni
zation: II, Characterization of the suppressor cells. Transplan
tation 1984; 37: 490.

19. Westra A, Petersen A, Wildevuur CRH, Prop J. The combi-effect:
reduced rejection of the heart by combined transplantation

with the lung or spleen. Transplantation 1991; 52: 952.
20. Winter JB, Groen M, Petersen A, Prop J. Reduced immune

response after immunization in rat lung transplants. Am Rev 
Respir Dis 1993; 147: 664.

2 1 . Wang F, Winter JB, Dam M, Groen M, Prop J. Hilar stripped
rats. J  Heart Lung Transplant 1992; 11: S215.

22 . Borysiewicz LK, Hickling S, Graham S, et al. Human cytomeg
alovirus specific cytotoxic T cells—relative frequency of stage 
specific CTL recognizing the 72 kDA immediate early protein 
and glycoprotein B expressed by recombinant vaccinia viruses. 
J  Exp Med 1988; 168: 919.

23. Winter JB, Groen M, Petersen A, Wildevuur CRH, Prop J. Re
spiratory viral infections aggravate airway damage caused by 
chronic rejection in rat lung allografts. Transplantation 1994; 
57: 418.

24. Scott JP, Higenbottam TW, Clelland CA, et al. Natural history of
chronic rejection in heart-lung transplant recipients. J  Heart 
Transplant 1990; 9: 510.

Received 1 August 1994.
Accepted 3 January 1995.

004M337/95/5911-1589$03.00/0
Transplantation Vol. 59,1589-1596, No. n ,  June 15,1995
Copyright © 1995 by Williams & Wilkins Printed, in U.S.A.

VARIATION IN THE LEVEL OF XENOANTIGEN EXPRESSION IN
PORCINE ORGANS1

Cristobal G. Alvarado,2,3 Adrian H. Cotterell,2 Kenneth R. M cCurry,2,4Bradley H. Collins,2
John C. M agee,2,4 Jamie Berthold,2 John S. Logan,5 and Jeffrey L. Platt2,6,7

Departments o f Surgery, Pediatricsf and  Im m unology, D uke University M edical Center, D urham } N o rth  Carolina 27710;

H yperacute rejection of vascularized porcine to pri
m ate xenografts is in itiated  by the binding of xenore- 
active natural antibodies to donor endothelium . We 
tested  th e  hypothesis that the level o f xenoantigen  
expression  varies in  the population of potentia l por
cine donors and may determ ine the am ount of b inding  
o f xenoreactive natural antibodies to a porcine organ  
perfused by xenogeneic blood. Two hundred n inety  
pigs w ere studied using an inhibition ELISA that 
quantitated the xeno antigen level on porcine p late-
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and D N X  Biotherapeutics, Inc., Princeton, N ew  Jersey 08540

lets. Based on th is assay, th e lev e ls  o f xen oan tigen  
expression in  the population  adhered  to a norm al d is
tribution. Kidneys from  p igs found to express h igh  
antigen levels and k idneys from  p igs found to exp ress  
low  antigen levels w ere perfused  w ith  baboon blood  
using an extracorporeal circuit. In  m ultip le experi
m ents, a sign ificant d ifference w as observed in  th e  
am ount of xenoreactive natural antibody adsorbed b y  
high antigen versus low  antigen  organs- N orm alizing’ 
for the w eight of the perfused  organs and for leve ls o f  
natural antibody in  ind iv idual baboons, h igh  antigen, 
organs adsorbed 3.6±1.3 U o f xen oreactive natural an- 
tibody/g and low  antigen  organs adsorbed —0.8±1.0 U  
of xenoreactive natural antibody/g (P < 0.002). Immu- 
nopathology o f tissu es from  the perfused  organs dem 
onstrated m ore deposition  o f IgM and C4 in  h igh  th a n  
in  low  xenoantigen  organs. The quantitative re la tion 
ship betw een  b ind ing o f xen oreactive natural an tib od
ies to p la telets and to  w hole organs suggests th a t  
platelets are a valid  rep resen tation  of en d oth elia l c e ll  
antigen expression  in  vivo. D esp ite  the probable im 
portance of G ala(l-3)G al as an ep itope recogn ized  b y  
xenoreactive natural antibodies, d ifferences in  th e  
binding to p latelets or to organs o f the GS-I-B4 le c tin  
that recognizes that sugar had  no correlation  w ith  th e


