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Lymphocyte and macrophage subpopulations
in pelvic ileal pouches

H J de Silva, M Jones, C Prince, M Kettlewell, N J Mortensen, D P Jewell

Abstract
This study aimed to characterise the mucosal
cellular infiltrate in ileal reservoirs with and
without pouchitis (reservoir ileitis). Intra-
epithelial lymphocyte counts were performed
in biopsy specimens obtained from ileal
pouches and compared with counts in normal
ileum and normal colon. T lymphocyte and
macrophage subpopulations were character-
ised immunohistochemically in pouch biopsy
specimens using a panel of monoclonal
antibodies. Normal ileum was used as a con-
trol. Intraepithelial lymphocyte densities
(expressed as intraepithelial lymphocyte/100
epithelial cells) in pouches with and without
pouchitis were significantly less than in normal
ileum, and approached counts found in normal
colon. There was no significant increase in
counts even in pouchitis. There were no
significant differences in the helper/inducer to
suppressor/cytotoxic T cell (CD4:CD8) ratios
between normal ileum and pouches with or
without pouchitis, either in the epithelium or in
the lamina propria. The proportions of
RFD9+ (epithelioid cells and tingible body
macrophages) and 3G8+ (CD16) macrophages
were significantly higher in pouchitis com-
pared with pouches without pouchitis or
normal ileum. There were no significant differ-
ences between the three groups in the propor-
tions of cells positive for the other macrophage
markers (CD68, RFDI-dendritic cells, and
RFD7-mature macrophages). The significance
of low intraepithelial lymphocyte counts in
ileal pouches is unknown, but this may be an
adaptive response to the new luminal environ-
ment. Since an increase in RFD9+ macro-
phages occurs in inflammatory bowel disease,
but does not occur as a non-specific response
to an acute infective process, their presence in
pouchitis suggests that effector mechanisms
similar to those triggering the original ulcera-
tive colitis may be operating in pouchitis.

Pouchitis (reservoir ileitis) is a major longterm
complication after restorative proctocolectomy
with an ileal reservoir. Unequivocal pouchitis,
diagnosed using clinical, endoscopic, and histo-
logical criteria, seems to be specific to patients
with previous ulcerative colitis and rarely, if
ever, occurs in those who have had the operation
for familial adenomatous polyposis.'-8 This sug-
gests a close relation between ulcerative colitis
and pouchitis and implies that immunological
mechanisms may play an important role in the
pathogenesis of pouchitis.46 X 12 However, in
pouchitis, unlike ulcerative colitis, no controlled
studies on the characterisation and quantitation

of the mucosal inflammatory cell infiltrate have
yet been performed.

Cell populations of the mucosa change as the
bowel becomes inflamed. In active ulcerative
colitis, there is a considerable inflammatory
infiltrate within the lamina propria, with
increased numbers of T and B lymphocytes and
macrophages. However, there is no increase in
the intraepithelial lymphocyte density when
compared with normal colon.'3"4 The lympho-
cytic infiltrate within the lamina propria in
ulcerative colitis contains a disproportionately
high number of immunoglobulin G (IgG) con-
taining cells,'5 16 primarily of the IgGI sub-
class.'718 Changes in T lymphocyte subsets are
more difficult to interpret, and in tissue sections
from patients with ulcerative colitis the ratio ofT
cells with the helper/inducer phenotype (CD4
positive) to suppressor/cytotoxic phenotype
(CD8 positive) remains similar to that found in
the normal colon. 1319 When compared with
normal intestine, however, a greater macrophage
heterogeneity has been observed in active
inflammatory bowel disease.2"-22 In particular,
there is an increase in RFD9 positive macro-
phages (epithelioid cells and tingible body
macrophages).2' 22 Macrophages have important
effector roles in inflamed gut mucosa. In active
inflammatory bowel disease, intestinal macro-
phages are activated, as shown by increased
expression of interleukin 2 receptors on their
surface23 and their increased ability to undergo
respiratory burst activity24 and produce
increased amounts ofinterleukin 1_I3.25 They also
seem to have increased phagocytic activity26 and
an increased ability to present antigens to
T cells27 and to stimulate immunoglobulin
production by intestinal B cells.28
The distribution of T lymphocyte and macro-

phage subsets in ileal pouch mucosa is unknown.
The aims of this study were twofold - firstly to
quantify intraepithelial lymphocyte densities
and secondly to characterise T lymphocyte and
macrophage subpopulations in pelvic ileal
pouches with and without pouchitis.

Patients and tissues

INTRAEPITHELIAL LYMPHOCYTE DENSITY COUNTS
Mucosal biopsy specimens were obtained from
pelvic ileal pouches of 26 patients (18 men,
median age 29.5 years (range 18-56)) at least 10
cm from the anal verge. Twenty three of them
originally had ulcerative colitis and three had
familial adenomatous polypsis. Eight (all with
previous ulcerative colitis) had pouchitis -

defined as the occurrence of diarrhoea with
pouch inflammation seen on sigmoidoscopy28"'
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TABLE I Monoclonal antibodies

Antibody Cells labelled Source

T3-10 (IgG1) (Dako) CD4 (helper/inducer T cells, some macrophages) Dr D Mason (John
X107/B2 CD8 (suppressor/cytotoxic T cells) Radcliffe Hospital,
Y2/131 (IgGl)36 CD68 (pan macrophage) Oxford)
EBM1 1 (IgGl)3- CD68 Dr J Morton (JRH,

Oxford)
RFD1 (IgG)37 Dendritic cells (and some B cells) Dr L Poulter (Royal
RFD7 (IgG)7 38 Mature macrophages Free Hospital,
RFD9 (IgG)21' 38 39 Epithelioid cells and tingible body macrophages London
3G8 (IgG)43 CD16 (low affinity Fcy receptor on polymorphs Dr S Gordon (Dunn

natural killer cells and some macrophages) School of Pathology,
Oxford)

in the absence of specific pathogens in the pouch
stool at the time of biopsy. The pouches had been
functioning for a median of 27 months (range
8-68) and none of the patients were on any

medication, apart from occasional antidiarrhoeal
agents. Control tissues were (a) normal ileal
mucosa (n= 12, eight men, median age 58 years

(range 35-76)) obtained at colonoscopy or from
surgically resected specimens (at least 5 cm

distant to tumour), and (b) normal large bowel
mucosa (n= 12, seven men, median age 27 years

(range 22-43)) obtained at endoscopy from
patients with the irritable bowel syndrome (all
histologically normal). The biopsy specimens
were fixed in formalin and embedded in paraffin.

T LYMPHOCYTE AND MACROPHAGE
SUBPOPULATIONS
Mucosal biopsy specimens were obtained from
pelvic ileal pouches of 25 patients (17 men,
median age 30.5 years (range 18-56)), at least 10
cm from the anal verge. Twenty two of the
patients originally had ulcerative colitis and
three had familial adenomatous polyposis.
Eight (all with previous ulcerative colitis) had
pouchitis, as defined previously, at the time of
biopsy. The pouches had been functioning for a

median of 27.5 months (range 13-68) and none

of the patients were on any medication apart
from occasional antidiarrhoeal drugs. Normal
ileal mucosa (n= 8, five men, median age 58 years

(range 35-74)), obtained at colonoscopy or

from surgical resected specimens (at least 5 cm
distant from tumour) was used as a control. The
specimens were immediately snap frozen in
isopentane in liquid nitrogen and stored in liquid
nitrogen until sectioning.

Methods

INTRAEPITHELIAL LYMPHOCYTE COUNTS

Sections (4 [t) of haematoxylin and eosin stained
paraffin embedded tissue were used for
intraepithelial lymphocyte counts. Counts were

performed in the epithelium covering the entire
surface of the villi, and in the case of 'flat'
and colonic biopsy specimens, in the surface
epithelium, where a minimum of 500 epithelial
cells were counted per section, and the results
were expressed as intraepithelial lymphocyte/
100 epithelial cells.'329-32 Counts were performed
under the high power (40x 10) objective in areas

of the sections where the tissue was well
oriented, the plane of the section passing
vertically through the epithelium and the base-

ment membrane being easily identified. Counts
were not performed in areas adjacent to mucosal
ulceration'3 and in epithelium overlying Peyer's
patches.

MUCOSAL MORPHOMETRY
Mucosal morphometry was performed on the
same sections used for intraepithelial lympho-
cyte counts. Linear measurements were made
using a calibrated eye piece (Leitz) as described
previously.33 11 For each section, at least five
measurements of total mucosal thickness and
crypt depth were made and an index of villous
atrophy (villous height/total mucosal thickness)
was then calculated.34 35

IMMUNOHISTOCHEMISTRY
Serial cryostat sections of snap frozen tissue
(5 Vt) were stained with the panel of mono-
clonal antibodies using a three stage immuno-
peroxidase technique. Briefly, endogenous
peroxidase activity was blocked with 0 3%
hydrogen peroxide in Tris buffered saline (TBS)
(pH 7.4). The sections were then incubated with
the respective monoclonal antibodies (undiluted
supernatants) for 60 minutes (the monoclonal
antibodies used are listed in Table I). After
washes with TBS, they were incubated in
turn for 30 minutes each with peroxidase conju-
gated rabbit anti-mouse immunoglobulin and
peroxidase conjugated swine anti-rabbit
immunoglobulin. The peroxidase reaction was
developed with diaminobenzidine (0-6 mg/ml),
nickel chloride (1 mg/ml), and hydrogen
peroxide. One serial section from each specimen
was incubated with TBS instead of the primary
antibody as a negative control.

CELL COUNTS

T lymphocyte subpopulations
Positively stained intraepithelial lymphocytes
were counted as described above and expressed
as intraepithelial lymphocyte/100 epithelial cells.
In the lamina propria, labelled lamina propria
lymphocytes were expressed as a percentage of
the total number of mononuclear cells counted.'3
Counts were performed in different areas of the
lamina propria under the high power (40 x 10)
objective using a graticule (Leitz). At least 500
mononuclear cells were counted for each
section.'3 Cells in and around Peyer's patches
and lymphoid follicles, and mononuclear cells
with elongated nuclei characteristic of fibroblasts
were not counted.'3 12 CD4:CD8 ratios were
calculated for intraepithelial lymphocytes and
lamina propria lymphocytes.

TABLE II Intraepithelial lymphocyte (IEL) counts
(expressed as IEL/JOO epithelial cells; values median (range))

Group No IEL denistv

Normal ileum 12 12 (9.3-24.8)
Normal colon 12 6-8 (4.7-9 3)*
Pouches without pouchitis 18 69 (5 3-13)*
Pouchitis 8 7 3(4.5-11-6)t

*p<0001, tp<O0002 when compared with normal ileum.
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TABLE III T Lymphocyte subpopulations (values given as median (range))

T Cell Normal ileum Pouches without Pouchitis
type (n=8) pouchitis (n=17) (n=8)

Intraepithelial lymphocytes (+ve IEL/100 epithelial cells):
CD4+ 3.9(2-47) 1-8(1-2.6)* 1-7(1-2-9)*
CD8+ 12-8 (8-5-17-3) 6-1 (3-8-11-4)* 6-7 (5 9-8 3)*
CD4:CD8 0-27 (0.15-055) 0-32 (0.12-053) 0-22 (0.17-039)

Lamina propria lymphocytes (% +ve cells/total mononuclear cells counted):
CD4+ 30-1(17-38-8) 29(18-8-38-6) 31 (238-42 2)
CD8+ 12-3 (8-16-3) 11-9 (7-9-19-3) 13-2 (9-2-19-7)
CD4:CD8 2-3 (1-9-3-2) 2-4 (1-5-3-9) 2.5 (1-8-3-1)

*p<O-001 compared with normal ileum.

Macrophage subpopulations
Positively stained macrophages as a percentage
of the total number of mononuclear cells in the
superficial lamina propria - for example in villi if
preserved - were determined under the high
power objective using a graticule.22 Three
different areas of each section were counted, and
for all sections the same area of superficial lamina
propria was assessed.22 Again, cells in and
around Peyer's patches and lymphoid follicles
and mononuclear cells characteristic of fibro-
blasts were not counted. For sections stained
with 3G8, positively staining neutrophils were
not counted.
The sections were coded, and all counts were

performed blindly by one investigator (HJ de S),
though most counts were confirmed indepen-
dently by another (MJ).

STATISTICAL ANALYSIS
Grouped data were expressed as median (range),
and differences between measurements were
assessed by the Mann-Whitney U test. Statistical
significance was taken as p<0 05.

Results

INTRAEPITHELIAL LYMPHOCYTE DENSITY COUNTS
The clinical diagnosis ofpouchitis was confirmed
histologically in all eight patients. The results of
the intraepithelial lymphocyte counts are shown
in Table II. The intraepithelial lymphocyte
densities in normal colon, pouches without
pouchitis, and in pouches with pouchitis were
significantly less than the densities found in
normal ileum. There was no significant increase
in intraepithelial lymphocytes, even in the pres-
ence of pouchitis, although numerous poly-
morphs were present in the surface epithelium in
these sections. Intraepithelial lymphocyte densi-

TABLE IV Macrophage subpopulations (% positive mononuclear cells/total mononuclear cells
counted; values median (range))

Monoclonal Normal ileum Pouches without pouchitis Pouchitis
antibody (n=8) (NI) (n= 17) (NP) (n=8) (P)

Y2/131 236 (15-36-1) 235 (136-36) 26-7(19-1-32-2)
EBMII 22-9(15-3-30-3) 23-3(17-31-7) 26.4(15.7-38.8)
RFD1 235 (17-1-32-1) 233 (15-34.3) 273 (20-347)
RFD7 17-9(12-9-25-6) 15-9(11-3-27-9) 195 (12-25 8)
RFD9 0(0-25) 2(0-6 5) 9.9(26-15-5)
3G8 03 (0-25) 08 (0-6 8) 87 (2-8-16.9)
Statistical significance: NI:NP NP:P NI:P
RFD9 p<002 p<0-001 p<0-001
3G8 p=NS p<0-001 p<0-001
Others p=NS p=NS p=NS

NS= not significant.

ties in pouches (with or without pouchitis) were
similar to those found in normal colon. There
was no significant correlation (r,=0332,
p=0097), between intraepithelial lymphocyte
density and the degree of villous atrophy (villous
height/total mucosal thickness) in pouches.

T LYMPHOCYTE AND MACROPHAGE
SUBPOPULATIONS
In control sections that were incubated with TBS
instead of the primary antibody, no specific
peroxidase staining was seen. Results of the cell
counts of T lymphocyte subpopulations are
shown in Table III. Most T cells in the epithe-
lium were of the suppressor/cytotoxic phenotype
(CD8+). CD4+ (helper/inducer) cells predomi-
nated in the lamina propria. The absolute
numbers of CD4+ and CD8+ intraepithelial
lymphocyte/100 epithelial cells were signifi-
cantly lower in pouches than in normal ileum
(p<O0OO1). There was no significant increase in
their numbers in the presence of pouchitis, and
there were no significant differences in the
epithelial CD4:CD8 ratios between normal
ileum and pouches with or without pouchitis.
Although there was an obvious increase in the
cellular infiltrate within the lamina propria in
pouches, especially in the presence of pouchitis,
there were no significant differences in the
lamina propria CD4:CD8 ratios between the
three groups.
The results of the cell counts of macrophage

subpopulations are shown in Table IV. There
was a significant increase in the number of
RFD9+ and 3G8+ cells in pouchitis compared
with pouches without pouchitis and normal
ileum. There was also a slight but statistically
significant increase in RFD9+ cells, but not in
3G8+ cells, in pouches without pouchitis when
compared with normal ileum. There were no
significant differences between the three groups
with regard to the other macrophage subtypes.
In tissue sections from normal ileum and
pouches without pouchitis, RFD1+ cells were
found mainly in the superficial lamina propria (in
villi, when preserved), while Y2/13 1 + and
EBM 1 + cells were seen throughout the lamina
propria with a slight predominance in the super-
ficial areas. RFD7+ cells were more evenly
distributed throughout the depth of the mucosa.
In pouchitis, these four cell types were evenly
distributed throughout the mucosa. Of the eight
specimens of normal ileum, there were no
RFD9+ cells in five and no 3G8+ cells in four,
and when present the numbers were small. In
pouches without pouchitis (n= 17), there were
no RFD9+ cells in four and no 3G8+ cells in
eight. Both these cell types were present in all
eight specimens with pouchitis. In pouchitis,
both RFD9+ and 3G8+ cells were located
mainly in the deeper parts of the lamina propria,
and aggregates ofRFD9+ cells were observed in
two of the eight biopsy specimens. These aggre-
gates were usually seen near the basal part of a
crypt (Figure).

Discussion
There is clinical and pathological evidence that
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X. 7- *A
Sectionsfrom a pouch with pouchitis showing an aggregate of
RFD9 positive cells (arrow).

the aetiology and pathogenesis of pouchitis are
closely related to those of ulcerative colitis.468 10-12

In ulcerative colitis, recent interest has focused
on events in the mucosal immune system (rather
than changes in peripheral blood) and studies
have been performed on mucosal T lymphocyte
and macrophage subsets both on tissue sections
and after cell isolation. 13 192122 The present study
is the first to characterise T lymphocyte and
macrophage subpopulations in the ileal pouch
mucosa. Pouch intraepithelial lymphocytes have
also been quantified, and the results compared
with values obtained in normal small and large
bowel.
The intraepithefial lymphocyte density in

pouches was significantly less than that in normal
ileum and similar to the density in normal colon.
Furthermore, intraepithelial lymphocyte counts
were persistently low, even in the presence of
pouchitis. The finding of low counts in the colon
confirms the results of other studies.'"4 The
reduction of intraepithelial lymphocytes in
pouches may be the result of cells being lost into
the intestinal lumen through the rapid epithelial
cell turnover in pouches.45 These mechanical
losses can occur in disease states where there is a
high small intestinal epithelial cell turnover.46 In
this study, however, there was no significant
correlation between intraepithelial lymphocyte
counts and the degree of villous atrophy (villous
height/total mucosal thickness) which correlates
strongly with crypt cell proliferation.45 Although
unproved, there is evidence that in the small
intestine intraepithelial lymphocytes may re-
enter the lamina propria and leave the villi via
lymphatics.3' 47 Thus, the reduction in
intraepithelial lymphocytes in the pouch mucosa
may partly be explained by their re-entry into the
lamina propria. This re-entry may be related to
the exposure of the pouch epithelium to a new
luminal environment. The observation of low
intraepithelial lymphocytes counts in ileal
pouches is in agreement with the findings of
Philipson et a148 and Shepherd et al,'0 who
reported that counts were always less than 5
intraepithelial lymphocytes/100 epithelial cells,
even in the presence of pouchitis. Interestingly,
there is a similar tendency for reduced counts in
active inflammatory bowel disease,'3"4 but the
importance of this is not known.
The intraepithelial lymphocytes that are

found in intestinal epithelium are almost all
T lymphocytes49 and show a striking predomi-
nance of CD8+ cells in health and disease,

whereas the lamina propria contains mainly
CD4+cells.'3 19505 This was also the case in the
present study, where CD8+ T cells predomi-
nated in the epithelium while CD4+ cells pre-
dominated in the lamina propria in both normal
ileum and pouches. In ileal pouches, the
numbers of both CD4+ and CD8+ intraepithe-
lial lymphocytes/100 epithelial cells were lower
than in normal ileum. There was, however, an
increase in the cellular infiltrate within the
lamina propria, especially in pouchitis. Despite
this, the ratios of CD4:CD8 cells in the epithe-
lium and lamina propria were not significantly
different between normal ileum and pouches
with and without pouchitis. This indicates that
an imbalance of mucosal CD4+ and CD8+ T
cells, as defined by monoclonal antibodies, is not
responsible for the development of pouchitis.
Similar conclusions have been drawn from the
results of studies investigating mucosal CD4 and
CD8 T cells in ulcerative colitis.'3 19
The proportions of RFD9+ and 3G8+

macrophages were significantly higher in
pouchitis than in normal ileum or pouches
without pouchitis. RFD9 is a marker for epithe-
lioid cells and tingible body macrophages.21 3839
In normal intestine RFD9+ cells are usually
confined to lymphoid aggregates, the so called
germinal centre or tingible body macrophages.21
Epithelioid cells in the granulomas of sarcoido-
sis39 and Crohn's disease52 stain strongly with this
antibody. Increased numbers of free lying
RFD9+ macrophages have been found in the
lamina propria in active ulcerative colitis and
Crohn's disease (of the small and large bowel),
but not in acute infectious colitis, ulcerative
colitis in remission, or normal intestine.2' 22 53
The monoclonal antibody 3G8 recognises the

low affinity Fcy receptor for monomeric IgG
(Fcy receptor class III, CD 16, 51-73 kD) found
on polymorphs, natural killer cells, and some
macrophages.3 It does not, however, recog-
nise the low affinity Fcy receptor, that is found
on platelets and human monocyte lines.5455
There is evidence that Fcy receptor expression
can be induced56 and that it may play a role in
clearing immune complexes.57 This might be
its function in inflamed intestine. Increased
numbers of 3G8+ macrophages are present in
active ulcerative colitis and Crohn's disease, and
unlike RFD9+ macrophages they are also
increased in acute infectious colitis. 22

In pouches without pouchitis compared
with normal ileum, the proportion of 3G8+
macrophages was not increased, but there was a
slight but significant increase in the proportion
of RFD9+ macrophages. This may reflect the
continuing mild to moderate chronic inflamma-
tion seen in many functioning pouches in the
absence of pouchitis.2910 A few RFD9+
macrophages were also found in the pouch
biopsy specimens obtained from the three
patients with familial adenomatous polyposis (as
was the case in some specimens obtained from
normal ileum). The small number of familial
adenomatous polyposis patients that were avail-
able for this study precludes any comparisons
with the specimens obtained from patients who
had previously had ulcerative colitis.
There were no significant differences between
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normal ileum and pouches with and without
pouchitis in the proportions of macrophages
positive for the other monoclonal antibodies -
EBMIl, Y2/131, RFD1, and RFD7. Both
EBM1 1 and Y2/131 detect CD68, a 110 000 kDa
pan-human macrophage associated antigen.'
RFD1 detects an antigen on the HLA-D locus
that is preferentially located on dendritic
('antigen presenting') cells and a small number of
B lymphocytes,37 385X while RFD7 recognises a 77
kDa antigen that is present on mature tissue
macrophages.3738 Neither RFD1 or RFD7 is
present on peripheral blood monocytes, and
both 'are considered to be markers acquired
during macrophage differentiation.37

This study has shown that there is a greater
mucosal macrophage heterogeneity in patients
with pouchitis than in those with normal ileum
or pouches without pouchitis. This may reflect
both a state of increased permeability to luminal
antigens that may exist in pouchitis because of
epithelial damage and phenotypic changes
induced by mediators released during the inflam-
matory process. Since RFD9+ macrophages do
not occur as a non-specific response to an acute
infective process, their increased presence in
pouchitis may suggest that mechanisms similar
to those triggering the original ulcerative colitis
are operating in pouchitis. This hypothesis is
further supported by a recent observation that in
pouchitis, as is the case in active ulcerative
colitis, there seems to be a disproportionate
increase in IgG containing plasma cells and not in
IgA or IgM containing cells,' although neither
proper quantitation nor IgG subclass analysis
have been performed.
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