






Immunohistochemical changes in sigmoid colon after BMT

NK) cell numbers in either allogeneic or
autologous BMT recipients (tables 3 and 4).
Only occasional CD 19 + cells (B lymphocytes)
were present in the lamina propria with the
exception of within lymphoid follicles. No
CD19+, CD25+ or CD56+ mononuclear
cells were present within an intraepithelial
location in any sections. The normal pre-
dominance ofCD45RO + (primed or memory)
T cells in the intraepithelial and lamina propria
compartments was present in all day 30 sigmoid
biopsy specimens, and CD45RA+ (unprimed
or naive) T cells were uncommon in all sections
except within lymphoid follicles.
There was a fivefold rise in lamina propria

CD16+ mononuclear cell (cells bearing the
FcyRIII, an Fc receptor for IgG) numbers in
the allogeneic BMT group (3 1+ 4-3 to
170+ 12-2 cells per 100 lamina propria nuc-
leated cells; p=0 004) and in those with a
clinical diagnosis of acute GvHD (p=0-011).
The rise in lamina propria CD16 + mono-
nuclear cell numbers was most marked in
patients with clinical GvHD of grade II or
III, none of whom received intravenous im-
munoglobulin prophylaxis against GvHD. By
light microscopy, the CD16+ cells had mor-
phological appearances of tissue macrophages
located predominantly in the superficial lamina
propria (figure). There was, however, no
change in total macrophage numbers (CD 14 +
mononuclear cells), suggesting upregulation of
lamina propria tissue macrophage CD 16 in
these patients. In the autologous BMT group
there was also a significant rise in lamina pro-
pria CD16+ mononuclear cell numbers al-
though this was of smaller magnitude than in
the allogeneic group (5 5+4-6 to 10-6+7d1

cells per 100 lamina propria nucleated cells;
p = 0-026); again, there was no change in total
macrophage numbers.
There was a significant fall in the lamina

propria CD4 + :CD8 + lymphocyte ratio in al-
logeneic BMT recipients with GvHD
(1 97+1d12 to 1P07+1I01; p=0 038), largely
caused by a fall in lamina propria CD4 +
lymphocyte numbers (p = 006). By contrast,
in the autologous BMT group, there was a
trend for the lamina propria CD4 +:CD8 +
lymphocyte ratio to rise (p = 0 09) but there
was no consistent change in CD4 + or CD8 +
T cell numbers.

Discussion
There are very limited data on immuno-
pathological findings in the gastro-
intestinal mucosa in GvHD. This is the first
study to compare mononuclear cell populations
in the gastrointestinal mucosa before and after
allogeneic and autologous BMT. In doing so,
we have confirmed some of the findings of
other studies of human intestinal GvHD and
extended observations further. Previous studies
of human intestinal GvHD have concentrated
largely on changes in mucosal lymphoid cell
populations; by contrast, our study has dem-
onstrated an alteration in mucosal mono-
nuclear cells of monocytic lineage following
BMT.
The increase in CD16+ mononuclear cell

numbers in allogeneic BMT recipients raised
the possibility that upregulation of the FcyRIII
on tissue macrophages is part of a sequence
of pathogenic events in intestinal GvHD. An
alternative to upregulation ofCD 16 is an influx
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CD16 positive mononuclear cells in superficial lamina propria, which have morphological appearances of tissue
macrophages (arrow).
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of CD16+ mononuclear cells, although the
absence of a rise in lamina propria macrophage
numbers does not support this. CD16 may
be expressed on macrophages, NK cells and
neutrophils'8; in our study most CD16 +
mononuclear cells had the morphological ap-
pearances of macrophages, and although some
may have been NK cells, there was no increase
in mononuclear cell numbers ofNK cell pheno-
type (CD56 +). Binding of immune complex
with the FcyRIII of macrophages may mediate
a number of events, including cytokine release
or release of other mediators of inflammation,
antibody dependent cell cytotoxicity, phago-
cytosis, and clearance of immune com-
plexes.'920 Our finding that CD16 appears
to be upregulated on lamina propria tissue
macrophages after allogeneic BMT is con-
sistent with the hypothesis that cytokines play
a role in mediating tissue injury in GvHD. It
is interesting to speculate that one way in which
intravenous immunoglobulin might be pro-
tective against GvHD is by blocking macro-
phage cell surface FcyRIII. This possibility is
supported by our observation that the three
patients in whom there was greatest CD16
upregulation did not receive immunoglobulin
prophylaxis and had grade II or III GvHD.
The autologous patient group also had a

significant rise in lamina propria CD 16 +
mononuclear cell numbers but of smaller mag-
nitude than the allogeneic transplant recipients.
It is possible that the increase in lamina propria
CD16+ mononuclear cell numbers in both
patient groups was a result of the chemo-
radiation preparative regime. However, GvHD
has been reported to occur following au-
tologous BMT, for reasons that remain un-
clear.2" Although there was no clinical or
histological evidence of GvHD in any au-
tologous BMT recipient, the increase in lamina
propria CD 16 + mononuclear cell numbers in
the autologous transplant group may represent
an early immunological event in the patho-
genesis of GvHD which does not progress to
overt disease. An increase in lamina propria
CD16+ mononuclear cell numbers has been
described in patients with active inflammatory
bowel disease and hence may be a finding
common to inflammatory intestinal diseases.22
The predominance ofCD 16 + mononuclear

cells in the superficial lamina propria contrasts
with the crypt base being the main site of
mucosal injury in GvHD. If these CD16+
mononuclear cells are of pathogenic sig-
nificance, the reason for this lack of a spatial
relation is unclear, although it might be ex-
plained by a greater susceptibility ofbasal crypt
enterocytes with a higher proliferative capacity
to cytokine induced cell injury.
We believe that the fall in intraepithelial

lymphocyte numbers in both allogeneic and
autologous BMT recipients is most likely due
to the sublethal chemoradiation preparative re-
gimen. Our findings contrast with the previous
description of an increase in intraepithelial
CD8 + lymphocyte numbers in GvHD,8 al-
though in that study there were methodological
differences in intraepithelial lymphocyte
quantitation and acute and chronic GvHD

were not differentiated. The same group de-
scribed no change in lamina propria macro-
phage numbers and no evidence of mucosal
lymphocyte activation (using CD25, OKT10
and HLA-DR),8 findings in keeping with ours.
Interleukin-2 (IL-2) is believed to be an im-
portant cytokine in the pathogenesis of
GvHD,23 as it is critical for the activation and
proliferation of T lymphocytes. The role of
IL-2 as an effector cytokine in GvHD tissue
injury has been difficult to establish 2324 and its
importance in the context of a paucity of
IL-2 receptor + (CD25 +) mononuclear cells is
unclear. Notably, all allogeneic BMT recipients
received cyclosporin which inhibits IL-2 syn-
thesis and IL-2 receptor expression25 and this
may explain the lack of an increase in CD25 +
mononuclear cell numbers. Indeed, it is un-
clear to what extent GvHD prophylaxis and
corticosteroid therapy may have altered the
immunohistological findings in our patients,
but it is difficult, if not impossible, to control
for these factors in human studies of GvHD.
No immunohistological differences, however,
were noted after BMT between allogeneic
transplant recipients who received cortico-
steroids and those who did not.
The alteration in ratio of lamina propria

CD4 + and CD8 + T lymphocytes in GvHD in
our study is in keeping with other reports,810
although one group found that there was a
significant increase in lamina propria CD8 +
T cell numbers in patients who had either acute
or chronic GvHD.' A relative excess ofT cells
of cytotoxic suppressor phenotype over T
helper cells supports the role ofdonor cytotoxic
T cells playing a role in mediating GvHD,
particularly as the fall in the lamina propria
CD4 + :CD8 + lymphocyte ratio was not seen
in autologous transplants. Previous data on
mucosal NK cell numbers are conflicting. Our
findings parallel those of Dilly and Sloane who
found no change in lamina propria CD56 +
mononuclear cell numbers and no intra-
epithelial CD56 + cells,8 although the absence
of a rise in mucosal NK cell numbers does not
necessarily preclude NK cell mediated tissue
injury. By contrast, Weisdorf et all' described
in four patients with acute GvHD, a fourfold
rise in intraepithelial and lamina propria
CD57 + cells, also a marker ofNK cells.
Our findings suggest that the tissue macro-

phage in the lamina propria of the sigmoid
colon is in a heightened state of activity fol-
lowing BMT, and it is possible that this might
be of functional significance in patients who
are at risk ofdeveloping GvHD. Ifmononuclear
cell CD16 upregulation is of importance, then
cytokine release and subsequent mucosal cell
injury may be the direct consequence. The
therapeutic extension of such a hypothesis is
that these might provide attractive targets of
immunotherapy.
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