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RAPID COMMUNICATION

Depletion ofBronch us-Associated Lymphoid Tissue
Associated with Lung Allograft Rejection
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Pulmonary infections remain one of the major com-
plications of lung transplantation. The bronchus-asso-
ciated lymphoid tissue (BALT) forms a local immune
system that normally protects the lung from infection.
The effects of lung transplantation and lung allograft
rejection on the BALT were examined using immuno-
peroxidase techniques. The BALT was evaluated by
quantifying the number of immunoglobulin-bearing
plasma cells in the lamina propria of sections of tra-
chea and mainstem bronchus. Sections ofdonor main-
stem bronchus from 2 patients with allograft rejection
were compared with sections of native trachea from

LUNGS DIFFER FROM most transplanted organs
in at least 2 ways.1 First, the lungs must directly inter-
act with the numerous pathogens present in the exter-
nal environment. Second, the lungs contain a large
number oflymphocytes organized into a mucosal im-
mune system. This system, called the bronchus-asso-
ciated lymphoid tissue (BALT), consists of numerous
submucosal lymphoid nodules and plasma cells scat-
tered throughout the tracheobronchial tree.24 These
plasma cells synthesize antibodies that are transported
to the respiratory mucosa, bathing the entire respira-
tory tract in secretory immunoglobulins.5-9
The BALT, the primary defense mechanism of the

lung against environmental pathogens, appears to be a
target oflung rejection. 01'2 Prop et al,'0-'2 using 5"Cr-
labeled lymphocytes in experimental lung allograft re-
jection in the rat, demonstrated that labeled recipient
lymphocytes homed into the graft BALT. Once pres-
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these same patients, and with sections of mainstem
bronchus from 2 transplanted lungs without rejection
and 20 controls. Lung allografts from the 2 patients
with rejection had a marked depletion of submucosal
IgA-bearing and IgG-bearing plasma cells. Two sets of
transplanted lungs without evidence of rejection
showed only a mild reduction ofthe BALT. The deple-
tion ofBALT associated with allograft rejection may
contribute to the increased incidence ofpulmonary in-
fections seen in these patients. (AmJ Pathol 1988, 132:
6-11)

ent in the graft BALT, these lymphocytes responded
to the graft's lymphocytes as evidenced by their trans-
formation into immunoblasts.

In a previous study13 of graft-vs.-host disease in
bone marrow transplantation it has been demon-
strated that the gut-associated lymphoid tissue
(GALT) can be evaluated by quantifying the number
of immunoglobulin-bearing plasma cells in the lam-
ina propria. The authors wished to evaluate the BALT
in human lung transplantation and rejection in a sim-
ilar manner. The relative numbers of submucosal
IgA-, IgG-, and IgM-bearing plasma cells were exam-
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ined in sections of trachea and mainstem bronchus.
Sections ofdonor mainstem bronchus from 2 patients
with allograft rejection were compared with sections
of native trachea from these same patients, and with
sections of native trachea and donor mainstem bron-
chus from 2 transplanted lungs without rejection.
Twenty nontransplanted controls were also exam-
ined. A deficiency of BALT was found to be associ-
ated with lung allograft rejection. This deficiency may
contribute to the increased susceptibility to pulmo-
nary infection seen with lung allograft rejection.

Materials and Methods

Between November 1983 and August 1987, 9 pa-
tients received a total of 10 combined heart-lung
transplants at The Johns Hopkins Hospital. Each of
these combined heart-lung transplants has been as-
signed a unique number (HL-1 to HL-10). Four of
these patients have died, including 1 who underwent
2 heart-lung transplants (HL-6 and HL-9). These re-
cipients have been reported elsewhere.'4 Brief clinical
summaries are given in Table 1. Lung rejection was
defined by histologic evidence ofbronchiolitis obliter-
ans occurring in the presence ofcough, fever, progres-
sive dyspnea, and diffuse reticulonodular infiltrates
on chest radiograph. 5'7 Two sets of lungs were from
patients who met these criteria (HL-4, HL-6), and 3
sets were from patients with no signs of rejection (HL-
1, HL-3, HL-9). Tissue including native trachea and
donor mainstem bronchi was available for study from
all except HL- 1. Twenty control cases were chosen
from consecutive nonneonatal patients who under-
went autopsy at The Johns Hopkins Hospital in
whom examination of the lung was permitted in the
autopsy consent, and in which sections of mainstem
bronchus with intact epithelium were available for
study.

Immunoperoxidase Technique

Representative sections of native trachea and ofdo-
nor mainstem bronchi were used. Tissue was fixed in
neutral buffered 4% formaldehyde solution, pro-
cessed, and embedded in paraffin. Six-micron sections
were washed briefly with phosphate-buffered-saline
(PBS) containing bovine serum albumin (0.2%), and
incubated with peroxidase conjugated goat anti-hu-
man IgA (1:20), IgM (1:30), or IgG (1:40) (all from
Tago, Inc., Burlingame, CA). The cells were identified
with diaminobenzidine (0.6%) and hydrogen peroxi-
dase (0.01 %) and the stain intensified with copper sul-
fate.'3 The slides were counterstained with Giemsa
stain, dehydrated, and coverslipped. The sections of
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8 HRUBAN ET AL

mainstem bronchus had an average diameter of
1.0 cm.

Data Collection

Sections of mainstem bronchus and native trachea
were independently ranked by 2 authors (RHH and
WEB) with respect to density of IgA-, IgM-, and IgG-
containing plasma cells in the submucosa. The rank-
ing was performed without knowledge ofthe origin of
the section. One section was evaluated from each of
the 20 controls, 2 native tracheas, 2 allografts with re-

jection, and 2 allografts without rejection. These 26
sections were ranked from 1 to 26 (least to greatest).
A high degree of correlation was found between the 2
observers (IgA, r = 0.85, P < 0.001; IgG, r = 0.87, P
< 0.001; IgM, r = 0.87, P < 0.001), supporting the
validity of this semiquantitative method in assessing
plasma cell density.
While the ranking of cases was useful in identifying

those cases in which the plasma cells were depleted,
the density of plasma cell staining in the different
cases was not a continuum, but in fact the cases

tended to group themselves into distinct grades.
Therefore, each ranked series was subdivided into 5
grades, 0 to 4+, (corresponding to absence to very
high density ofplasma cells), based on similarities be-
tween numbers ofeach grade. Each grade did not nec-

essarily contain equal numbers ofcases. For example,
7 sections were given a grade of 4+ for IgA staining,
while only 1 section was given a grade of4+ for IgM
staining. The grade of the median number of each
group is presented (Table 2).

Results

Two of the 5 lungs were from patients who met the
criteria for lung rejection (HL-4 and HL-6) and 3 were
from patients who had no clinical or histologic evi-
dence of lung rejection (HL- 1, HL-3, HL-9). The
mainstem bronchi were not available for study from
HL- 1, therefore this case will not be considered in the
remainder of the study. Bronchial immunity could
not be evaluated in the native trachea in HL-4 because
of severe epithelial ulceration secondary to long-term
mechanical ventilation. For purposes ofthis study the
lungs from HL-9 are considered transplanted lungs
without rejection, however, it should be noted that
this patient died 12 hours after surgery and may not
be representative oflonger surviving allografts.

Primary diseases among the twenty control patients
included: leukemia (5 cases), carcinoma (5 cases), car-

diomyopathy (2 cases), acquired immune deficiency
syndrome (AIDS, 2 cases), and 1 case each ofmyocar-
dial infarction, lymphoma, plasmacytoma, ulcerative

Table 2-Relative Number of Submucosal
Immunoglobulin-Bearing Plasma Cells

Case IgA IgG IgM

Transplanted lungs with rejection
HL-4 1+(1.5) 1+ (7) 2+ (11.5)
HL-6 1+(3.5) 1 + (1) 0+ (2.5)

Transplanted lungs without rejection
HL-3 3+ (14.5) 3+ (15) 2+ (16.5)
HL-9 3+ (11.5) 3+ (17.5) 1 + (1 1)

Native tracheas
HL-4 NA NA NA
HL-6 and HL-9 2+ (8.5) 4+ (20.5) 3+ (20.0)
HL-3 3+ (17) 3+ (14.5) 3+ (20.0)

Controls
Mean of 20 3+ (14.7) 2+ (13.6) 2+ (13.5)

0-4+, median quantitative grade (least to greatest).
( ), average of two independent rankings 1-26 (least to highest).
NA, not available for quantification (because of severe epithelial ulcer-

ation).

colitis, aortic aneurysm, and trauma. One ofthe 5 car-
cinoma cases was a lung primary.

Morphology
The histologic appearance ofthe 2 lungs with rejec-

tion (HL-4 and HL-6) was similar. The distal lung pa-
renchyma was remarkable for striking bronchiolitis
obliterans and perivascular and peribronchial chronic
inflammation. Interstitial fibrosis and striking bron-
chiectasis were also present in HL-6. The mainstem
bronchi from the 2 lungs showed focal ulceration and
squamous metaplasia of the epithelium, marked sub-
mucosal gland dropout, and a diffuse depletion ofsub-
mucosal plasma cells. Epithelial ulceration second to
long-term mechanical ventilation was present in the
native trachea of HL-4, while the native trachea of
HL-6 was histologically unremarkable.

Bronchiolitis obliterans was not identified in the 2
transplanted lungs without rejection (HL-3 and HL-
9). Instead, these lungs were remarkable for extensive
bronchopneumonia. The mainstem bronchi from
these 2 lungs showed an unremarkable epithelium
and numerous plasma cells in the submucosa.

Semiquantitative Assessment of Bronchial Immunity
The relative density of IgA-, IgG-, and IgM-bearing

plasma cells in the submucosa was estimated by rank-
ing the sections from 1 to 26 (Table 2). No decrease
in plasma cells was seen in the 2 transplanted sets of
lungs without evidence of rejection. The 2 patients
with lung rejection showed a marked decrease in the
relative number of IgA-, and IgG-bearing plasma cells
(Figure 1A) relative to the native trachea (Figure 1B)
and controls. One ofthe 2 patients with lung rejection
(HL-6) also showed a decrease in the number of IgM-
bearing plasma cells. The 2 patients with AIDS had
average rankings (15 and 23).
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BALT IN LUNG REJECrION 9

Figure 1-HL-6. Immunoperoxidase staining
for IgA demonstrates a marked reduction in the
number of IgA-beanng plasma cells (arrows) in
the donor mainstem bronchus (A, x225) relative
to the native trachea (B, x225). Plasma cells are
virtually absence in the donor mainstem bron-
chus, while all of the darkly staining submucosal
cells (arrows) in the native trachea are plasma
cells. Note also the associated depletion in se-
cretory immunoglobulins as manifested by re-
duced staining for IgA in the surface epithelium.

Quantification of Submucosal Plasma Cells

The total number of plasma cells and the number
ofplasma cells bearing IgA, IgG, and IgM were deter-
mined in 2 cases (HL-3 and HL-6). Lung rejection
(HL-6) was associated with a marked reduction in all
plasma cells in the transplanted mainstem bronchus
compared to the native trachea (Table 3). In contrast,
equal numbers ofsubmucosal plasma cells were pres-
ent in the donor mainstem bronchus and native
trachea of the transplanted patient without rejec-
tion (HL-3).

Pulmonary Infections

While all of the heart-lung transplant recipients
had pulmonary infections, the 2 with evidence of re-
jection (HL-4, HL-6) had pulmonary infections usu-
ally associated with an immunocompromised state.
Pneumocystis carinii and Cytomegalovirus were both
isolated from HL-4 and HL-6, and HL-6 also had a
Candida albicans pulmonary infection. The bacterial
pneumonia in 2 of the 3 (HL- 1 and HL-9) trans-
planted lungs without evidence of rejection were sec-
ondary to donor aspiration before transplantation.

Vol. 132 * No. I



10 HRUBAN ET AL

Discussion
Pulmonary rejection and pulmonary infections re-

main the major complications of lung and combined
heart-lung transplants. Recurrent and unusual pul-
monary infections have been a problem with both ani-
mal and human lung transplants.1516'18-22 This high
rate ofinfection is not simply due to immunosuppres-
sion, because a higher rate of infection occurs with
heart-lung transplantation than heart transplantation
alone.22
Two aspects of lung transplantation may explain

this higher rate of infection.' First, the lungs present a
large surface area that must interact directly with the
environment. No other transplanted organ is as ex-
posed to the environment and the numerous potential
pathogens it contains as the lung. Second, large num-
bers of passenger lymphocytes present in the BALT
are transplanted with the lung.2-9 These lymphocytes
may be a target of the recipients rejection response,
thus lowering the defenses of the lung against infec-
tion.
The normal BALT consists ofa collection ofsubep-

ithelial lymphoid follicles and individual lymphocytes
and plasma cells associated closely with the bronchial
epithelium and submucosal tissue.2 It is present
throughout most of the tracheobronchial tree and
provides resistance to respiratory infection through
the local production of immunoglobulins, primarily
IgA and IgG.5-9 Locally produced IgA and IgG have
been shown to be important in the defense against
both viral and bacterial pathogens, and deficiencies in
these immunoglobulins predispose to pulmonary in-
fections.23'24
The BALT, because of its immunogenicity, is a tar-

get in lung allograft rejection. In a rat model of lung
transplantation, it has been demonstrated that recipi-
ent lymphocytes infiltrate the BALT early in rejec-
tion, resulting in the histologic equivalent of a mixed
lymphocyte reaction.'0'12 This infiltration of the
BALT by recipient lymphocytes leads to the destruc-
tion ofthe donor lymphocytes in the BALT. HLA typ-
ing of lymphocytes obtained by bronchoalveolar la-
vage has demonstrated that donor lymphocytes are
gradually eliminated from the donor lung.22'25'26
The purpose ofthis study was to evaluate the BALT

in human lung transplantation and rejection. Muco-
sal immunity was evaluated using morphologic and
immunoperoxidase techniques have been applied
successfully to the study of intestinal mucosal immu-
nity.'3 The study found that the cellularity of the
BALT was markedly decreased in the mainstem bron-
chi of lungs from patients with allograft rejection as
compared with the native tracheas of these patients
and mainstem bronchi from controls. This deficiency
in the BALT was not simply a manifestation of the

Table 3-Number of Submucosal Immunoglobulin-Bearing
Plasma Cells per cm of Epithelium

Total IgA IgG IgM

Transplanted lung with rejection (HL-6)
Native trachea 267 73 146 48
Donor mainstem bronchus 17 13 3 1

Transplanted lung without rejection (HL-3)
Native trachea 334 149 120 65
Donor mainstem bronchus 305 121 137 47

transplantation procedure itself, as the 2 transplanted
lungs without evidence of allograft rejection did not
show such a dramatic deficiency of the BALT. It is
also unlikely that the deficiency in the BALT was due
to transplant ischemia, as the 2 lungs that showed a
loss of BALT had shorter ischemic times (67 and 45
minutes) than the 2 that did not show a deficiency of
BALT (90 and 269 minutes). The finding of normal
numbers of plasma cells in the native tracheas from
patients with allograft rejection suggests that the de-
pletion ofbronchial immunity in these patients is not
just a manifestation ofhigh dose immunosuppressive
therapy. Similarly, the presence ofnormal numbers of
plasma cells in the allograft without rejection (HL-3)
suggests that the depletion of bronchial immunity is
not simply a chronic sequela oftransplantation.
The deficiency ofBALT in lung allograft rejection

may be the result ofa combination of rejection ofdo-
nor lymphocytes by the recipient and an inability of
recipient lymphocytes to establish themselves in the
environment of the donor lung. As discussed pre-
viously, the rejection of donor lymphocytes in the
BALT has been demonstrated in rat transplantation
models. 1012 The inability of recipient lymphocytes to
replace the donor lymphocytes in the BALT may re-
sult from an inadequate microenvironment. For ex-
ample, epithelial injury could interfere with proper
homing. Alternately, persistent donor macrophages
and antigen-presenting cells could establish an unfa-
vorable environment for incompatible recipient lym-
phocytes. HLA typing ofbronchoalveolar lavage cells
has demonstrated a persistence ofdonor macrophages
relative to lymphocytes following lung transplanta-
tion.25,26
A deficiency of intestinal immunity has been dem-

onstrated in bone marrow recipients with graft-vs.host
disease.'3 This deficiency ofintestinal immunity is be-
lieved to predispose the patients with graft-vs.-host
disease to infection from intestinal organisms, and
therefore account for the increased incidence ofintes-
tinal infections seen in these patients.27 By analogy,
the authors believe that the deficiency in mucosal im-
munity in lung allograft rejection may account for the
increased incidence of pulmonary infections seen in
these patients.

AJP * July 1988
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Theoretically, these patients could have graft-vs.-
host disease, due to either engraftment of the BALT,
blood transfusions, or autoimmune phenomenon.28
No evidence for this was found, however, in the sec-
tions of skin, tongue, liver, and gut examined from
these patients.

Finally, the finding of a deficiency in the BALT in
lung allograft rejection suggests a potential new mode
of infection prophylaxis. Immunoglobulin prophy-
laxis reduces the number ofinfections in patients with
IgA and IgG deficiency.8'23 One might speculate that
immunoglobulin prophylaxis may reduce the inci-
dence ofpulmonary infections in lung allograft recipi-
ents with a deficiency of the mucosal immune system
secondary to rejection.
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