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Table 1: Clinical And Pathological Features Of The Six Male Patients With Female Lung

Transplant, and Number of Chimeric, XY Labeled, Endothelial Cells And Alveolar
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Macrophages In The Lung Transplants.
Figure 1. Endothelial Chimeric Cells Observed With Combined XY FISH And Immuno-

Stainings In A Biopsy From A Female Lung Transplanted In A Male.
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FISH: Fluorescent in situ Hybridation
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Abstract

Background: Endothelitis is a major sign of graft rejection. Recipient-derived endothelial cells
found in two series of liver and kidney transplants were related to graft rejection. Here, we
assessed the presence and the number of chimeric endothelial cells in lung transplants, and
their relation with graft rejection.

Methods: In six males grafted with female lungs out of 193 lung transplantations, endothelial
chimerism was studied by combined XY FISH with CD31 and CD45 immunostainings, and
blood group antigens.

Results: On samples graded according to the revised working formulation for lung allograft
rejection, we found chimeric macrophages (73.1 to 87.2%) in all cases and chimeric
endothelial cells (1.3 to 2.1%) in four patients. Another method using ABO blood group also
showed endothelial cells positive for recipient-type blood group antigens in three patients. By
both methods, presence of chimeric endothelial cells was related to pathological signs of acute

rejection (p<0.05).



1duasnuew Joyine vH

=
0
@D
=
2
o
o
[
~
N
N
(00}
©
<
@D
-
@,
o
=
[N

Manuscript ID TPE-2007-0255, revised manuscript

According to the revised working formulation for lung allograft rejection (/), “endothelitis” is
the hallmark of acute graft rejection. In the transplanted organ, a variety of insults including
organ preservation, surgical trauma (2), ischemia-reperfusion (3, 4), and alloimmune
responses to donor antigens (5) can induce endothelial damage. The repair process can
include recipient-derived endothelial cells as reported in liver (6), kidney (7) or heart
transplants (8). HLA or ABO markers have been used to determine donor or recipient origin
of cells after transplantation. However combined XY-FISH and immunostainings in sex-
mismatched transplanted patients is a reference method (9-/2). We used both methods to
study lung endothelial chimerism of six male patients transplanted with female lungs.

Out of 193 lung-transplanted patients in a single center (Hopital Beaujon) between 1988 and
2005, we studied 6 male patients grafted with female lungs. Available pathological samples
were either 88 biopsies, performed for diagnostic purpose, or blocks from two autopsies.
Transplanted patients had one to seven sequential biopsies during the follow-up; and one to
seven samples were taken for each sequential biopsy.

A double-blind evaluation of microscopic lesions was performed by two pathologists (HM,
Al), according to the revised working formulation for lung allograft rejection (/). For
chimerism study, only paraffin blocks of biopsies with enough remaining lung tissue were
analyzed. This reduced the number of biopsy studied to 33 biopsies.

Chimerism was first studied with combined XY-FISH with CD31 (endothelial cells) or CD68
(macrophages) immunohistochemical staining and CD45 (lymphocyte) immunofluorescent
staining as previously described (/7, 13).

Tissue sections were analyzed by two pathologists (HM, AJ) and pictures captured at three
different levels through a Z-stacking motorized system using Olympus-Analysis software.
Chimeric cells were characterized using strict analytic criteria in Z-stacking analysis: in the

same optical planes than X and Y chromosomes, endothelial cells had nucleus fully
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surrounded by cytoplasm, CD3 1-positive and CD45-negative cytoplasmic membrane;
macrophages had nucleus fully surrounded by cytoplasm, CD68-positive and CD3 1-negative
cytoplasmic membrane.

XX and XY signals were counted on ten different fields at x 100 in a minimum of 500 cells
for both endothelial cells and alveolar macrophages. A correction factor to assess the XY-
positive cells frequency was calculated by analyzing chimerism on male control lung
biopsies, where 76 % of endothelial cells and 79 % of alveolar macrophages were positive for
X and Y chromosomes. Therefore the correction factor was 1.31 for endothelial cells and 1.26
for alveolar macrophages.

Chimerism was also studied with anti-blood group antigens A, B or H (T36, CLCP-19B, 17-
206 clones respectively, Interchim, France) on serial sections realized with an automatic-
motorized microtome with water flow (HM350S, Microm, France). Normal lung specimens
from surgical pieces with known blood group were used as positive controls, an irrelevant
antibody as negative control. Tissue sections were analyzed on the motorized microscope and
pictures captured on the same areas of sister following sections. Using Olympus-software,
each immunostaining of the two successive sections was replaced in a different color and the
final pictures were overlaid.

For statistical analyses, the chi-square test was used to determine any significant association
between chimerism and the concomitant allograft rejection grading.

Six male patients (58-68, median 60.5), transplanted for pulmonary fibrosis or emphysema,
had received female lung transplants (Table 1).

Biopsies were performed 8 to 117 days after transplantation for diagnostic purpose. Using
revised working formulation, signs of acute graft rejection were found in 10 of 33 biopsies
with enough lung tissue available for chimerism studies. ABO group status showed a

donor/recipient discrepancy between in four cases.
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Chimerism analysis of was first performed by combined XY-FISH with immunostainings and
in these female lung transplants, cells were considered chimeric when they expressed both X
and Y chromosomes. Chimeric cells were considered as endothelial cells when, on the
combined XY-FISH and double immunostaining method, they expressed CD31, but not
CD4S5 (Figure 1A, 1B).

XY signals were counted for endothelial cells and alveolar macrophages (Table 1). Chimeric
alveolar macrophages were found for all patients with a frequency varying from 73.1 to
87.2%, after correction. In 23 biopsies, no chimeric endothelial cells were found even after
careful Z-stacking image analysis. In 10 biopsies and two autopsies, chimeric endothelial cells
were found with a frequency varying from 1.3 to 2.1%, after correction (Table 1).

Chimerism analysis was also performed with ABO group antibodies for the four blood group-
mismatched patients (21 biopsies with enough biological material, 2 autopsies). Sister-
following sections stained with anti-ABO antibodies were analyzed according to the donor
and recipient blood groups. Recipient-type endothelial cells were observed in eight biopsies
from patients 2, 3 and 6. Interestingly, in the same microscopic areas, some capillaries were
recipient-type positive when others were donor-type positive (Figure 1C). On digital pictures,
each immunostaining of the same areas in the two successive sections was replaced in a
different color and the final pictures overlaid. The overlay confirmed the coexistence of
recipient-type and donor-type capillaries in the same microscopic field (Figure 1D).

Patients 1 and 2 had both biopsies and autopsies; endothelial cell chimerism appeared in the
second biopsy of patient 1 and persisted in autopsy 15 days later; chimeric endothelial cells
count was similar in biopsy and autopsy of patient 2. No chimeric endothelial cells were
found in three successive biopsies of patients 4 and 5. Endothelial cell chimerism was
detected on the fourth (Day 62) and sixth (Day 61) biopsy and remained stable on the eighth

(Day 117) and last biopsy performed in patients 3 and 6.
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In the 33 biopsies and two autopsies studied, chimeric endothelial cells were only found in the
10 samples with pathological signs of lung allograft rejection whereas chimeric alveolar
macrophages were present in all samples (Table 1). This strong link between presence of
chimeric endothelial cells and graft rejection was also observed with blood group analysis
(p<0.05). Recipient-type endothelial cells were only found in the three patients with ABO
incompatibilities and signs of graft rejection.

Chimeric cells in human pulmonary epithelium have been reported in 6 out 8 sex-mismatched
lung transplanted males with chronic graft rejection (/4) but no count was performed and no
correlation with the pathologic signs of lung allograft rejection could be established. Chimeric
cells were also found in lymphocytes and macrophages populations, but not in epithelial or
endothelial cells in three sex-mismatched lung transplanted males (/5). This discrepancy with
our results may be linked to the method used.

XY-FISH analysis, performed on sequential bronchial biopsies in two children with sex-
mismatched lung transplant, showed that chimeric epithelial cells were present and that their
number was stable over time (/6). Endothelial cells were not characterized in this study. In
the sequential biopsies we studied, chimeric endothelial cells, when present, remained in the
successive biopsies.

Our Z-stacking method allowed a precise count of chimeric cells. We detected chimeric
alveolar macrophages in large numbers, rather similar to reported numbers in lung-transplant
bronchoalveolar lavages (17, 18).

For chimeric endothelial cells, as far as we know, counts have only been performed in heart
and liver transplantations. Numbers vary from 0.1 £ 0.01% (/9) to 24.3 &+ 8.2% (&) in heart-
transplants, and from 42 to 61% (20) in liver-transplants. After hematopoietic stem cell
transplantation, numbers of chimeric endothelial cells in bronchial biopsies (37.5-42.3%) (21)

was higher than numbers we found (1.3-2.1%) in our series of transplanted lungs. This
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discrepancy can be linked to the type of allograft since hematopoietic stem cells can
differentiate into endothelial cells (22).

We used a second technical approach to detect the presence of chimeric endothelial cells.
Laser microdissection followed by PCR of one polymorphic short tandem repeat marker,
requiring a minimum of 500 laser-microdissected cells from cryopreserved sections (23),
could not be performed. Antibodies directed against ABO blood group antigens (7, 24) were
used for lung samples of patients with discrepancies between donor and recipient blood group
status. A complete analysis with the two different methods could be performed in four
patients and gave similar results.

Interestingly, there was a strong correlation between pathological signs of lung allograft
rejection and presence of chimeric endothelial cells. This correlation also found in two series
of liver (24) and kidney (7) transplantation has not been, as far as we know, reported in
transplanted-lung, though in this organ, links between microvascular damage and obliterative
bronchiolitis or chronic pulmonary hypertension are discussed (25, 26). The presence of
chimeric endothelial cells only in the four patients with lung graft rejection in our series may
be linked to tissue repair after endothelial damage.

Two mechanisms have been described in endothelial cell repair: local migration and
proliferation of endothelial cells adjacent to the injury site; and homing and incorporation of
endothelial progenitor cells in the injury site (27). Our results suggest the participation of
recipient-derived cells in endothelial repair of graft rejection-induced lung damage. This is in
accordance with what has been reported in kidney (7), liver (24), and heart (&) transplants.

In conclusion, the new methods of endothelial cell studies in organ transplants open a field of
investigation with important consequences regarding graft tolerance and rejection, and their

therapeutic modulation.
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Figures and tables:

Figure 1. Endothelial Chimeric Cells In A Biopsy From A Female Lung Transplanted In A
Male.

A and B: Combined immunohistochemistry (with an antibody directed against CD31, a
specific maker for endothelial cells), XY Fluorescent In Situ Hybridization and
immunofluorescence (with an antibody directed against CD45, a specific maker for
leukocytes) on the same section of grafted female lung (line A). Chimeric endothelial cells
(maked E) defined by the combined expression of XY and CD31 but not CD45 (overlay of
line B) can be distinguished from leukocytes from the same recipient (marked L),
characterized by the combined expression of XY and CD45, but nor CD31. (A and B: bar =
10 pm).

C and D: Immunohistochemistry in serial sections of a lung biopsy from a female with type
blood O grafted in a recipient with type blood A.

lane C: in two serial sections of a bronchial area, antibodies directed against antigen A and
antigen H show stainings on capilary sections at different sites of the lamina propria.

lane D: higher magnification of the areas of the lamina propria delimited by broken lines in
pictures of lane C. In the middle of lane D, an overlay of the areas of the lamina propria
delimited by broken lines in pictures on C was performed, using color replacement of specific
labeling with antigen A and H in green and red respectively, following modification of a
method used by Tanaka and al. (29). This overlay shows on D the presence in the same
microscopic field, of both recipient capillaries in green, and donor capillaries in red. (C and D
bar = 100 pm).

Table 1: Clinical And Pathological Features Of The Six Male Patients With Female Lung
Transplant, and Number of Chimeric, XY Labeled, Endothelial Cells And Alveolar

Macrophages In The Lung Transplants.
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