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Immunohistochemical changes in sigmoid colon
after allogeneic and autologous bone marrow

transplantation
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Abstract
Aim-To determine whether there
are characteristic immunohistological
changes in the colonic mucosa in acute
graft versus host disease (GvHD).
Methods-Consecutive allogeneic (n=11)
and autologous (n=11) bone marrow
transplant recipients underwent en-
doscopic biopsy of sigmoid mucosa before
transplant and on day 30 post-transplant.
Immunohistochemical staining and
quantitation of intraepithelial and lamina
propria mononuclear cells were un-
dertaken using a panel ofmonoclonal anti-
bodies and a Streptavidin-biotin alkaline
phosphatase staining technique.
Results-In the allogeneic group (nine of
whom had clinical acute GvHD) there was
a fivefold increase in lamina propria
CD16+mononuclear cells (3.1±4-3 to
17-0+12*2 per 100 lamina propria nuc-
leated cells), compared with autologous
transplant recipients in whom this rise
was twofold (5-5+4-6 to 10-6±7-1 per 100
lamina propria nucleated cells). The
CD16 +mononuclear cells had morpho-
logical appearances of tissue macro-
phages, but in neither the allogeneic nor
autologous groups was there an increase
in total macrophage numbers (CD14+).
In patients with acute GvHD the lamina
propria CD4 + :CD8 + lymphocyte ratio
fell (1.97+1.12 to 1*07+1 01), primarily
because of a fall in the number of lamina
propria CD4+ lymphocytes. In both al-
logeneic and autologous groups there was
a fall in intraepithelial lymphocyte num-
bers, but there was no change in CD19+
(B cell), CD25 + (interleukin-2 receptor
positive) or CD56 + (natural killer) cell
numbers.
Conclusion-Following bone marrow
transplantation, there appears to be up-
regulation oflamina propria tissue macro-
phage CD16 (an Fc receptor for IgG), a
change which is more noticeable after al-
logeneic transplantation and which may
be related to the development of acute
GvHD. In patients with acute GvHD there
was a fall in the lamina propria CD4 +:
CD8 + lymphocyte ratio. If these changes
are functionally important, they may have
significant implications for understanding
the pathogenesis of GvHD.
(J Clin Pathol 1995;48:308-313)
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Gastrointestinal disturbance following bone
marrow transplantation is often multifactorial
and may be caused by the effects of the
chemoradiation preparative regime, infections
or graft versus host disease (GvHD) . 2Between
50 and 75% of HLA matched allogeneic bone
marrow transplant (BMT) recipients develop
GvHD,3 a syndrome which predominantly
affects the skin, gastrointestinal tract and liver,
and is a major cause of morbidity and mortality
in these patients. GvHD is arbitrarily divided
into acute and chronic using a temporal cut off
of 100 days post-transplant;4 chronic GvHD
may evolve from acute GvHD or develop de
novo. 24 By convention, the diagnosis ofGvHD
is clinically based, in conjunction with histology
of skin or rectal biopsy.
The pathophysiology of GvHD is in-

completely understood, hence limiting ad-
vances in preventive and therapeutic strategies.
Post-thymic donor T cells are considered to
play a major role in the development of this
syndrome as T cell depletion of donor marrow
reduces the frequency and severity of GvHD.5
It is unknown whether donor T cells are of
primary pathogenic significance, or simply a
mediator in a more complex process;' indeed,
work in animal models has suggested that cyto-
kines, including those released by tissue macro-
phages, play an important role in mediating
tissue injury in GvHD.7
The few immunopathological studies of

human intestinal GvHD that have been un-
dertaken vary, both in the method of quanti-
tation of mucosal mononuclear cells, and
whether biopsy specimens were taken at a time
of acute or chronic GvHD.5-10 It appears that
it is not possible to directly compare other
target organs of GvHD, such as skin and liver,
with the gastrointestinal tract as mononuclear
cell populations have been found to differ
in these sites.8 To date, there have been few
studies comparing post-transplant immuno-
histological appearances with those pre-
transplant. Sviland et al described upregulation
of enterocyte HLA-DR following allogeneic
BMT, a change which also occurs on ker-
atinocytes and biliary epithelium.' 12 Weisdorf
and coworkers found that in four patients with
acute GvHD there was a fall in the lamina
propria CD4+:CD8+ lymphocyte ratio and
a rise in intraepithelial and lamina propria
CD57 + cells (which include natural killer
cells), when compared with pretransplant
levels. 10

We undertook a detailed immunohistological
study of colonic mucosa in both allogeneic and
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autologous BMT recipients, both before and
after transplantation, to determine whether
there were characteristic changes which were
specific to patients with GvHD.

Methods
Of 29 patients undergoing allogeneic or
autologous BMT at Royal Perth Hospital be-
tween April 1992 and July 1993, 25 agreed
to participate in this study. Flexible sig-
moidoscopy and sigmoid colon mucosal biopsy
were performed within two weeks before trans-
plant and on day 30 post-transplant. Pro-
phylactic antibiotics were administered in
accordance with Gastroenterological Society
of Australia guidelines,'3 and we ensured the
platelet count was greater than 50 x 1012/1 at
the time of each examination to minimise the
risk of bleeding following endoscopic biopsy.
Two biopsy specimens from each examination
were forwarded for standard histological ex-
amination. A clinical and histological grade
of GvHD was assigned to allogeneic BMT
recipients and their post-transplant biopsy
specimen according to a five stage grading
system (0-IV), as outlined elsewhere.'415 In
the analysis of data patients with GvHD were
defined as those with "clinical" GvHD, as the
presence and severity of this condition are im-
precisely defined histologically. Clinical GvHD
was defined as the presence of appropriate
symptoms or clinical signs in combination with
supportive histology (of skin, gastrointestinal
mucosa or liver).

IMMUNOCYTOCHEMICAL STUDIES
An additional mucosal biopsy was placed in
OCT embedding media, snap frozen in liquid
nitrogen and stored at - 70°C. Subsequently,
4 gm cryostat sections placed on poly-L-lysine
coated slides were air-dried overnight before
fixing in acetone. Using a panel of monoclonal
antibodies (table 1) mucosal mononuclear cells
were characterised by a Streptavidin-biotin al-
kaline phosphatase staining technique with
minor modifications of the manufacturer's re-
commendations (Dako quick staining kit, al-
kaline phosphatase K 687. Dako, Carpinteria,
USA). Briefly, sections were incubated with
mouse primary antibody for 15 minutes in a
moist chamber at room temperature. As neg-
ative controls, TRIS buffered saline (TBS) was
used in place of primary antibody. A second
seven minute incubation with a biotinylated

Table 1 Monoclonal antibodies used, their cellular distribution and the positively stained
cells counted

Antibody CD number Cellular distribution Cells counted

Dako-T1 1 2 Pan-T cell, NK cell All positive cells
Dako-T3 3 Pan-T cell All positive cells
Dako-T4 4 T helper cell, macrophages Lymphocytes
X107* 8 T suppressor cell All positive cells
MY4 (Coulter) 14 Macrophages All positive cells
DJ130* 16 NK cell, granulocytes, macrophages All positive cells
Dako-CD19 19 Pan-B cell All positive cells
Dako-IL-2R 25 Interleukin-2 receptor (activated T

and B cells and activated
macrophages) All positive cells

4KB5* 45RA Leucocyte common antigen isoform Lymphocytes
Dako-UCHL-1 45RO Leucocyte common antigen isoform Lymphocytes
VJ13A 56 NK cell, neuroectoderrnal cell All positive cells
* Antibodies provided by Dr D Mason, Oxford.

rabbit antimouse antibody was followed by a
seven minute incubation with alkaline phos-
phatase labelled Streptavidin. Naphthol AS-
MX phosphate and fast red chromogenic sub-
strate was applied for 20 minutes before coun-
terstaining with haematoxylin. Two one minute
washes in TBS were performed between each
incubation.

IMMUNOHISTOLOGICAL ANALYSIS
Methods of quantitation of mucosal mono-
nuclear cells vary and this lack of uniformity
has not only made comparison between studies
difficult but certain methods are arguably
flawed and influence interpretation of results.
In keeping with aspects of the methodology of
Weisdorf et al'0 and de Silva et all6 we believe
the method of quantitation as described below
is appropriate for colonic mucosal im-
munopathological studies.

Sections were examined by light microscopy
at x 400 magnification. Positively staining
mononuclear cells were identified by their in-
tense circumferential red staining, and were
quantitated according to intraepithelial or lam-
ina propria location in areas distant to lymphoid
follicles. Intraepithelial lymphocytes were
counted in areas of intact epithelium, in ver-
tically orientated crypts from surface to base;
numbers were expressed per 100 epithelial
cells, after counting a minimum of 500 epi-
thelial cells. Lamina propria mononuclear cells
were counted in areas of intact lamina propria,
and in areas incorporating the full depth of the
lamina propria to the muscularis mucosa. This
was particularly important for analysis of pos-
itively staining macrophages which are pre-
dominant in the superficial lamina propria.
Lamina propria mononuclear cell numbers
were expressed as a percentage of the total
number of lamina propria nucleated cells, by
counting a minimum of 500 lamina propria
nucleated cells. In view of the lack of cell
lineage specificity exhibited by a number of
monoclonal antibodies" concomitant histo-
logical analysis was required to differentiate
certain cell types. The specific cell type stained
by a given monoclonal antibody and thereafter
counted is outlined in table 1.

STATISTICAL ANALYSIS
Differences between pre- and post-transplant
mononuclear cell numbers were analysed using
the Wilcoxon signed rank test. A p value of less
than 0 05 was considered significant.

ETHICS
The study received approval from the Royal
Perth Hospital Ethics Committee and from the
Human Rights Committee of the University of
Western Australia. Written informed consent
was obtained from each patient before entry
into the study.

Results
CLINICAL DETAILS
Of 25 patients who agreed to participate in this
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Table 2 Clinical details ofpatients

Allogeneic (n= 11) Autologous (n= 11)

Age (mean; 21-51 (37) 22-64 (37)
years)
Sex five M, six F nine M, two F
Disease Acute myeloid leukaemia 4 Non-Hodgkin's lymphoma 5

Chronic myeloid leukaemia 4 Hodgkin's disease 3
Acute lymphoblastic leukaemia 1 Acute myeloid leukaemia 3
Multiple myeloma 1
Non-Hodgkin's lymphoma 1

Preparative
regime Total body irradiation/ 5 BCNU/etoposide/ara-C/ 8

cyclophosphamide melphalan
Busulphan/cyclophosphamide 6 Busulphan/cyclophosphamide 2

BCNU/etoposide/ 1
cyclophosphamide

study, three critically unwell allogeneic BMT
recipients did not undergo the day 30 ex-

amination and all three subsequently died by
day 50 post-transplant. This left 11 allogeneic
and 11 autologous patients for study, the clin-
ical details of whom are set out in table 2.
Of the 11 allogeneic BMT recipients, three

were HIA matched unrelated donor trans-
plants and the remainder were HLA matched
related donor transplants. GvHD prophylaxis
was with methotrexate and cyclosporin (n=
11), intravenous immunoglobulin (n= 4), and
all matched unrelated donor transplant re-

cipients received marrow depleted of T cells
through ex vivo use of the pan T cell
monoclonal antibody Campath IG (CD52).
Marrow engraftment in allogeneic patients was
achieved by day 17 (mean, range 10-23 days)
post-transplant, as defined by a peripheral neu-
trophil count of greater than 0-5 x 109/i. Clin-
ical acute GvHD occurred in nine allogeneic

patients (grade I in six, grade II in two and
grade III in one), with involvement of skin in
eight, liver in two and gastrointestinal tract in
two. Of these nine patients, histological evi-
dence of acute GvHD in the sigmoid mucosa

was present in seven; grade I in five and grade
II in two. Four patients had received corti-
costeroid therapy for up to seven days before
the day 30 examination following a clinical
diagnosis of GvHD. Sigmoidoscopic ap-

pearances were normal in all examinations with
the exception of one patient with acute GvHD
in whom there was mild distal patchy
proctocolitis with punctate superficial ul-
ceration.

IMMUNOPATHOLOGICAL RESULTS
For both allogeneic and autologous patient
groups, there was no change in numbers of
lamina propria T cells (CD2 + or CD3 +)
from pretransplant to day 30 post-transplant.
In allogeneic patients there was a reduction
in the number of intraepithelial lymphocytes
(CD2 +, CD3 + and CD8 +) which reached
statistical significance for CD2 + cells and
CD8 + lymphocytes in those with acute
GvHD. There was a significant fall in intra-
epithelial CD2 +, CD3 + and CD8 + cells in
autologous patients. Very few lamina propria
lymphocytes or macrophages expressed the in-
terleukin-2 receptor (CD25) pretransplant,
and there was no increase in CD25 + cell
numbers post-transplant. There was no change
in lamina propria CD56 + (natural killer or

Table 3 Intraepithelial mononuclear cell numbers, pre- and post-transplant, in allogeneic and autologous transplant
groups

Allogeneic patients: n= 11
(clinical GvHD only: n= 9) Autologous patients: n= 11

Pre-BMT Day +30 p Pre-BMT Day +30 p

CD2 3-6+2-0 1-9+1-5 0-026 3-3+2-0 1-7+1 0 0-008
(3-6+1 9) (1-7+1-4) (0-051)

CD3 3-8+1-8 2-5+1-4 3-6+1-5 1-7+0-8 0.010
(3-9±2 0) (2-6±1-4)

CD4 0-2+03 0-2+0-2 0-2+03 0 1+0-2
(0-2±0 3) (0-2+±02)

CD8 4-0+2-0 2-6+1-5 3-6+1-7 1-8+0-9 0-022
(4-6+1-7) (2-5 +1-5) (0 044)

Intraepithelial lymphocyte numbers expressed per 100 epithelial cells. Figures given as mean + SD, and p values given when
p<O 1.

Table 4 Lamina propria mononuclear cell numbers, pre- and post-transplant, in adlogeneic and autologous transplant
groups

Allogeneic patients: n= 11
(clinical GvHD only: n= 9) Autologous patients: n = 11

Pre-BMT Day +30 p Pre-BMT Day+30 p

CD2 17-1+4-4 14-0+7-7 14-9+4-7 12-6+3-1
(17-4+4 8) (14 8±8-4)

CD3 16-2+2-6 15-1+8-3 15-2±8-5 14-8+5-1
(16-3±2-9) (16-1 ±9-0)

CD4 11-4+3-7 7-6+3-8 0-030 7-6+2-9 7 9±2-5
(11-6±4-1) (7-5±4 2) (0 06)

CD8 7-3±3 0 7-7i5-2 6-9+3 0 5-5±3-8
(6-6±2-7) (8-6i±54)

CD4/CD8 1-81+1-07 1-27+1-01 1.28+0-71 2-06+1-37 0 09
(1-97+1-12) (1-07±1 01) (0 038)

CD14 18*5+i4-4 19-3 i 5-0 20-0+6-0 22-0+5-8
(18-2±4 3) (20-2+5-1)

CD16 3-1i4-3 17-0T12-2 0 004 5-5i4-6 10-6±7-1 0-026
(3-5±4-6) (18-9±12-8) (0-011)

CD25 3-0+2-3 1-4±1-0 0-07 1-4+1-9 1-0+1-0
(3-0±2-4) (1-5+1-0) (0-09)

CD56 8-3+3-5 7-9±3-1 9-4+3-1 9-5+2-7
(8-3+3-7) (8-3±3-2)

Lamina propria mononuclear cell numbers expressed per 100 lamina propria nucleated cells. Figures given as mean ± SD, and
p values given when p<O 1.
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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

L4ev

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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