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Expression ofCD45RO on circulating CD19+
B-cells in Crohn's disease

B R Yacyshyn, L M Pilarski

Abstract
Crohn's disease is an immunoregulatory
disorder of the intestine that can be associated
with systemic manifestations. This study
analysed B-cell differentiation antigens to
identify B-cell subpopulations unique to
patients with Crohn's disease. CD45 isoform
expression was used as an indicator of B-cell
differentiation stage. This work shows that
B-cells in blood and gut of patients with
Crohn's disease are at an advanced stage of
differentiation based on their unusual presen-
tation of transitional (RA+ RO+) and late
stage (RO+) CD45 isoforms on lamina propria
lymphocytes, whereas normal intestinal
lamina propria lymphocytes B-cells express
primarily CD45RA. Crohn's disease patients
had heightened expression of the CD45RO
isoform on CD19+ lamina propria lympho-
cytes, and was found in a statistically signifi-
cant proportion of Crohn's peripheral blood
mononuclear cells (PBMC) where CD19+
PBMC had an expression pattern affecting
an unexpectedly high proportion of these
differentiated or late stage CD45RO+ B-cells.
The expression of CD45RO varied greatly
among CD19+ PBMC from patients with
Crohn's disease, so multiple regression
analysis was performed between these CD45
isoforms and several clinical parameters. After
grouping high and low CD45RO expression on
CD19+ B-cells, a significant statistical differ-
ence was found between high Crohn's disease
activity index (CDAI) and low CDAI Crohn's
disease patients respectively.
(Gut 1993; 34: 1698-1704)
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The inflammatory bowel diseases Crohn's
disease and ulcerative colitis are intestinal dis-
orders ofunknown causes. The clinical presenta-
tions of these two illnesses can be so similar as to
prohibit their differentiation pathologically in a

number of patients.' Specific aberrations of the
mucosal immune system have been identified in
inflammatory bowel disease (IBD) patients. For
instance, a predominance of CD4+ and
lymphokine activated killer lymphocytes
together with a comparative deficiency ofCD8+
cells has been found among Crohn's lamina
propria lymphocytes.2 This same study identi-
fied a decrease in CD45RA+ CD4+ in lamina
propria lymphocytes compared with peripheral
blood mononuclear cells (PBMC). Lamina
propria lymphocytes from patients with IBD
have been found to have heightened expression
of activation markers (including transferrin
receptor, IL-2 receptor and 4F2).2- Humoral
immune abnormalities in IBD affect various
autoantibodies including rheumatoid factor,

anti-colon antibodies, and neutrophil autoanti-
bodies disputedly secondary to the underlying
mucosal inflammation and not a primary patho-
physiological factor."8

In this study we analysed the phenotypes ofB
and T cells from patients with IBD, with an
emphasis on changes in the B-cells populating
the lamina propria in comparison with those in
PBMC, emphasising the selective expression of
CD45 isoforms as a marker for differentiation
within the B-cell lineage (reviewed in ref 9) and
analysis of CD5 and CD1lb, which have been
associated with autoimmune B-cells or the
activation state of the B-cell.'0 CD45, the leuco-
cyte common antigen, is the most prevalent
antigen on the surface of B and T lymphocytes
and through its cytoplasmic domain, the tyrosine
phosphatase activity plays a key part in intra-
cellular signalling." The CD45 isoforms,
CD45RA and CD45RO are distinguished by
differences in molecular weight, glycosylations
and are encoded by alternatively spliced
mRNA.'2 '4 These isoforms characterise T-cell
differentiation with the transition from expres-
sion of high molecular weight CD45RA (p220)
isoform on naive cells to the low molecular
weight CD45RO (pl80) isoform on memory
T-cells.5 16 A recent study of this group of cell
surface molecules in normal human intestinal
mucosal CD3+ T-cells has shown that the
intraepithelial lymphocyte population expressed
mainly CD45RO.'7 CD3+ CD45RO+ T-cells
are probably memory T-cells consistent with
their role as primary immune regulators of an
antigen bombarded environment such as the gut.
B-Cells are also found, however, among the
mucosal lymphocytes in normal and disease
states. We have recently identified among B-cells
a similar transition in CD45 isoforms to that
found in T-cells.9' 18 1 Pre B cells express exclus-
ively CD45RA at low density with an increase in
CD45RA density as differentiation proceeds
towards mature B-cell function (reviewed in ref
9). A transition from CD45RA to CD45RO
expression seems to occur on in vivo antigen
stimulated B-cells, which has been confirmed by
in vitro studies.'8 9 Early plasma cells express
only the low molecular weight CD45 isoforms,
while end stage plasma cells eventually lose all
CD45 expression."

In this study, PBMC or lamina propria
lymphocytes, or both have been characterised in
Crohn's disease, ulcerative colitis (UC), coeliac
sprue, and normal patients. Crohn's PBMC were
studied by multiple regression analysis in
relation to a number of clinical parameters
corresponding to the patients studied. From our
findings in this study, we show that analysis of
CD45 isoforms can identify subpopulations with
possible functional significance, of B and T
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lymphocytes in lamina propria lymphocytes and
PBMC.

Materials and methods
PATIENTS AND CONTROLS
Specimens of the colon from patients with
Crohn's disease and ulcerative colitis were
obtained with the assistance of a pathologist to
sample disease affected mucosa. Normal mucosa
was obtained from the colon at least 15 cm distal
to carcinoma in patients having resection as well
as from normal areas in patients having resection
for diverticulosis. Normal colon was also
obtained from decreased persons donating
organs for transplantation. A total of 10 'normal',
eight Crohn's disease, and four ulcerative colitis
colons were analysed. Peripheral blood was
analysed from patients with Crohn's disease
(n= 33), as well as patients with ulcerative colitis
(n= l1), coeliac sprue (n= 13), and normal Red
Cross blood donor controls (n=9).
Many of the patients with Crohn's disease

were enrolled in the MRC Canadian Crohn's
Relapse Prevention Trial, and all had diagnoses
established clinically and through pathological
and radiological criteria. These patients were
receiving various drugs, but primarily 5-acetyl-
salicylic acid and sulphasalazine. Patients
studied were not receiving immunomodulatory
drugs. Protocols were approved by the ethics
committee of the Faculty of Medicine, Univer-
sity of Alberta.

PERIPHERAL BLOOD MONONUCLEAR CELL
ISOLATION
PBMC were obtained with informed consent
from 33 patients with Crohn's disease, as well as
patients with UC, coeliac sprue, and normal Red
Cross blood donors. PBMC were purified by
centrifugation over Ficoll Paque (Pharmacia,
Dorval, PQ) followed by two washes.

ISOLATION OF LAMINA PROPRIA LYMPHOCYTES
Normal large bowel intestinal mononuclear cells
were obtained from surgically removed speci-
mens from subjects donating organs for trans-
plantation, from patients with diverticulosis, as
well as from morphologically normal areas of
large bowel at least 15 cm distal to diseased areas
of colons resected for adenocarcinoma. Crohn's
intestinal mononuclear cells were obtained from
colonic specimens from patients having resec-
tions done for therapeutic reasons. UC intestinal
mononuclear cells were similarly obtained from
the colons of patients having therapeutic
resections. Intestinal mononuclear cells were
isolated from mucosa according to a well estab-
lished protocol as follows.5 2I22 Briefly, speci-
mens were washed in RPMI media, the mucosa
then dissected from submucosa. Mucosa was
then cut into small 0 5 cmx 0 5 cm minced pieces
and washed repetitiVely in Hanks's balanced salt
solution without calcium and magnesium con-
taining antibiotics 1 mg/ml Ticarcillin (Beecham,
Pointe-Claire, Canada), 0 5 mg/m Amikacin
(Bristol Labs, Ottawa, Canada), 0 4% Septra
(Burroughs-Wellcome, Kirkland, Canada),

2 mg/ml Fungizone Grand Island Biological Co
(Gibco, Grand Island, USA), 10 mm hydro-
xyethyl piperazine-ethane sulphonic acid
(HEPES), and NaOH to adjust to pH 7-4. The
minced pieces were stirred in multiple changes of
media containing 0 75 m EDTA (Sigma, St
Louis, USA) and 5% heat inactivated pooled
human serum to remove epithelial cells. The
tissue was then incubated overnight in Hanks's
balanced salt solution collagenase medium con-
taining 16 iJml chromatographically purified
collagenase (Worthington Biochemical, Free-
hold, USA) and 20% heat inactivated pooled
human serum. After collagenase digestion, cells
were layered over a ficoll hypaque gradient
(specific gravity (sg) 1-077) and centrifuged at
400g for 20 minutes. The interface was collected,
diluted with Hanks's balanced salt solution, and
resuspended in 10 ml Percoll solution (sg 1 040,
Pharmacia, Piscataway, USA), and centrifuged
at 500 g for 15 minutes to remove dead cells and
debris. These cells were then washed through
fetal bovine serum gradients and counted.

ANTIBODIES
The CD45 common determinant marker (HLE-
FITC), Leu 15-PE (CD11b), and the control
antibodies IgGl-FITC, IgG-PE, IgG2a-FITC,
and IgG2a-PE were purchased from Becton-
Dickinson (Mountain View, California). B4-
FITC, B4-RD1 (CD19), B1-FITC or Bl-RDI
(CD20), and Tl-RD1 (CD5) were purchased
from Coulter (Hialeah, Florida). Biotinylated
goat anti-mouse immunoglobulin and Tandem
avidin were purchased from Southern Biotech-
nology (Birmingham, Alabama). UCHLI
(CD45RO) was a generous gift of Dr P Beverley.
Monoclonal antibodies to CD45RA were
CD45RA FITC, purchased from GEN Track
(Wayne, Pennsylvania) and FMC44-PE.23 24
The specificity of most CD45 antibodies used

here was confirmed by their ability to precipitate
bands having the appropriate molecular
weights25 (unpublished data) and all were tested
for their reactivity with a panel of CD45 trans-
fectants.26

THREE COLOUR IMMUNOFLUORESCENCE
Cell surface antigens present on the isolated
mononuclear cells were evaluated by three
colour immunofluorescence using a four stage
combined direct and indirect staining pro-
cedure. In stage (a) cells were stained with an
uncoupled antibody; (b) secondly with goat anti-
mouse biotin (Jackson); (c) blocked with mouse
Ig (Jackson), 1 ,ug/ml; and (d) stained with
Streptavidin-Tandem, together with the two
remaining antibodies directly conjugated to
either FITC or PE. Mononuclear cells were
resuspended in 50 tld of uncoupled monoclonal
antibody diluted roughly in phosphate buffered
saline containing 0-5% bovine serum albumin
and 0-02% sodium azide. The cells were
incubated for 30 minutes at 4°C, spun down, and
washed twice in buffer solution, and incubated
for 10 minutes at room temperature, spun down
and resuspended in 20 1t Streptavidin-Tandem.
The other two monoclonal antibodies coupled to
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TABLE I CD3+ Mucosal lymphocytes

CD45RA+ RO- RA+ RO+ RA- RO+ RA-RO-
(%) (%) (%) (%)

Crohn's disease (n=8) 23 (6)* 20 (6) 56 (9) 0
Ulcerative colitis (n=4) 22 (9)* 9 (5)* 57 (18) 12 (11)
Normal (n= 10) 9 (2)* 19(4) 66(8) 6(4)

CD45 isoform staining (CD45RA and RO) on CD3+ lamina propria lymphocyte T-cells as detected
by three colour immunofluorescence. CD45RA was detected by FMC44PE. CD45RO was detected
by UCHL1 and indirectly stained with biotinylated goat anti-mouse immunoglobulin followed by
Tandem-avidin, and CD3 was detected by Leu4-FITC. Files of 20 000 cells were electronically gated
to include only CD3+ cells and dot plots ofCD45RA v CD45RO staining generated. The number of
positive cells in each quadrant was determined in comparison with identically gated samples stained
with Leu4-FITC, IgGIPE, and IgG2a biotinylated goat anti-mouse IglTandem avidin. Values are
reported as mean (SEM). *p<0.05 v normal; p value between all other pairs not significant.

FITC and PE were added directly and 25 [d of
buffer added. This was incubated for 30 minutes
at 4°C. Cells were washed three times and fixed
with 1% formalin for flow cytometric analysis.
Analysis of samples was performed on a
FACScan (Becton-Dickinson). Dead cells and
red cells were excluded by gating on forward
angle light scatter and side scatter. All samples
included staining with isotype matched control
antibodies and unstained cells. List mode files
were collected of 20 000 cells from each sample,
and measurements of all three fluorochromes as
well as forward and side scatter were recorded.

CALCULATIONS AND STATISTICAL METHODS
To determine percentages of CD3 and CD19
peripheral blood lymphocytes and lamina
propria lymphocytes expressing a specific
marker, flow cytometry was performed on these
populations. Three colour immunofluorescence
data were collected in list mode from the analysis
of each sample of lymphocytes. Data were then
gated on the T or B-cell population of interest
(CD3 or CD 19) and the CD45 isoform expres-
sion of these respective populations were plot-
ted as histograms using a Becton-Dickinson
FACScan workstation with FACScan software,
in comparison with an identically gated popula-
tion, stained with CD3 or CD19 and isotype
control monoclonal antibodies.
Of those patients with Crohn's disease whose

peripheral blood lymphocytes were analysed,
clinical parameters including the erythrocyte
sedimentation rate, disease duration, drugs,
disease location, age of the patient, and disease
severity (presence or absence of fistulas or extra-
intestinal manifestations of disease) as well as the
Crohn's disease activity index (CDAI) were
obtained from chart review.27 Multiple regres-
sion analysis was performed by SPSS/PC+ using
these clinical variables with high or low molecu-
lar mass isoforms (CD45RA and/or CD45RO)
CD45 and the combination of its isoforms as
dependent variables. The Student's t test was

TABLE II CD3+ Peripheral blood lymphocytes

CD45RA+ RO- RA+ RO+ RA-RO+ RA-RO-
(%) (%) (%) (%)

Crohn's disease (n=21) 34 (5) 10 (2) 37 (5) 16 (4)*
Ulcerative colitis (n= 11) 44 (3) 19 (3) 37 (4) Ot
Coeliac disease (n= 13) 41 (4) 9 (2) 44 (6)* 4 (3)*
Normal (n=7) 44 (6) 9 (3) 42 (3) 1 (0)*

Assessment of the CD45 isoform staining (CD45RA and RO) on CD3+ T-cells was detected by three
colour immunofluorescence as described in Table I. Values are reported as mean (SEM).
*p<005 Crohn's disease v normal, Crohn's disease v UC, Crohn's disease v coeliac sprue; p value
between all other pairs not significant.

used to compare CD45 isoform expression on T
or B-cells between types of disease.

Results

PREDOMINANT EXPRESSION OF CD45RO ON CD3+
T-CELLS OF MUCOSAL LAMINA PROPRIA
LYMPHOCYTES FROM NORMAL, CROHN'S DISEASE,
AND ULCERATIVE COLITIS PATIENTS
Lamina propria lymphocytes isolated from fresh
intestinal mucosa were analysed from normal
and diseased tissue. Normal mucosa was derived
from patients with diverticular disease, areas
distal to neoplasms, and deceased organ donors.
Lymphocyte profiles were not significantly
different between these groups of patients.
Normal lamina propria lymphocytes were
stained by three colour immunofluorescence
with antibodies to CD3, CD45RA, and
CD45RO. After gating for CD3+ T-cells, the
proportion of each isoform (CD45RA and
CD45RO) on CD3+ cells was measured (Table
I). The patterns ofCD 45 isoform expression on
CD3+ T lamina propria lymphocytes from
patients with Crohn's disease or UC was similar
to those found among normal T lamina propria
lymphocytes with a predominance ofCD45RA-
RO+ cells (mean (SEM) 66 (8)%, Table I)
confirming previous published work.2 Our ratio
of CD45RA and CD45RO on normal and
Crohn's disease lamina propria lymphocytes is
consistent with published data. A confirmation
ofpublished works was necessary as a framework
for comparing CD45 isoforms on B-cells to
ensure our patients and normal controls did not
vary from others.2 17

HETEROGENEITY OF CD45 ISOFORM EXPRESSION
ON CD3+ T PERIPHERAL BLOOD LYMPHOCYTES
FROM NORMAL, CROHN'S DISEASE, AND
ULCERATIVE COLITIS PATIENTS
Normal PBMC were analysed, files were gated
on CD3+, and CD45 isoform expression was
assessed. No abnormalities in proportion of
CD3, CD4 or CD8 cells were detected confirm-
ing previous reports.28 Normal patients PBMC
included 44 (6)% CD45RA+ RO- CD3+ cells,
similar to that of UC (44 (3)%) or Crohn's
disease (34 (4)%). No appreciable difference in
CD45RA+ RO+ or CD45RO- RA+ lympho-
cytes were found between normal, Crohn's
disease, and UC CD3+ PBMC (Table II). A
detectable population lacking both CD45RA and
RO was found among T-cells from Crohn's
disease (16%, Table II) but not among those in
normal subjects, UC, or coeliac sprue. Because
all T-cells express CD45 common determinants,
the possibility exists that this reflects either
expression of an isoform not detected by our
monoclonal antibodies, for example CD45RB
p190, or a change in glycosylation. Further work
is needed to establish its significance.

ANALYSIS OF CD45 ISOFORMS OF CD19+ B LAMINA
PROPRIA LYMPHOCYTES FROM NORMAL, CROHN'S
DISEASE, AND UC PATIENTS
CD19 lamina propria lymphocytes from IBD
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TABLE III CDI9+ Mucosal lymphocytes

CD45 RA+ RO- RA+ RO+ RA- RO+ RA- RO-
(%) (%) (%) (%) (%)
Crohn's disease (n=6) 40 (8) 21(7) 37(10) 2(1)
Ulcerative colitis (n=4) 45 (13) 26 (5) 29 (16) 0 (1)
Normal (n= 10) 45 (5) 27 (4) 23 (6) 5 (2)

p Value between all pairs of data not significant.
CD45 isoform staining (CD45RA and RO) on CD 19+ or CD20+ B-cell lamina propria lymphocytes
as detected by three colour immunofluorescence. CD45RA was detected by FMC44PE. CD45RO was
detected by UCHLI and stained indirectly with biotinylated goat anti-mouse immunoglobulin and
Tandem-avidin, and CD19 by B4-FITC, or CD20 by B1-FITC. Similar results were obtained with
either CD19 or CD20. Files were gated for CD19+ cells and CD45 isoform expression analysed as for
Table I. The mean percentage ofCD19+ B-cells in each disease studied were: normal blood donors
mean=8 (0 5)%, Crohn's disease mean= 10 (5)%, UC mean= 8 (5)%, consistent with published
data.30 Values are reported as mean (SEM).

and from normal patients (organ donor,
diverticulosis, and neoplasm resections) were
analysed to determine expression of CD45RA
and RO isoforms (Table III). A similar percent-
age of CDl9+ B-lymphocytes (8-10%) was
found among the conditions studied as well as
among normal patients.
On gut lamina propria lymphocytes, a range of

CD45 isoforms were identified on CD19+
B-cells. As a group, UC, Crohn's disease, and
normal lamina propria lymphocytes CD19+
B-cells include more cells bearing a transitional
pattern ofCD45 isoform expression (RA+ RO+
) or not bearing either isoform (RA- RO-) than
are found among circulating B-cells (Table III).
Among normal lamina propria lymphocytes the
CD45RA+ RO- phenotype was detected on 45
(5)% of CD19+ B lymphocytes, identifying a
mature resting B-cell population; 50-66% of
B-cells in IBD and normal lamina propria
lymphocytes expressed CD45RO, which
appears on activated and late stage B-cells.918
Expression of CD45RO was found on 23% of
normal lamina propria lymphocytes B-cells, con-
sistent with definition as a late stage B/pre-
plasma cell. Coexpression of both CD45RA and
CD45RO, consistent with definition as an acti-
vated B-cell, was found on 27% of normal lamina
propria lymphocytes B-cells (Table III). Five per
cent of normal CD19+ lamina propria lympho-
cytes lacked both CD45RA and RO.

INCREASED PROPORTION OF LATE STAGE CD45RO+
B-CELLS IN CD19+ B PBMC FROM CROHN'S DISEASE
COMPARED WITH NORMAL DONORS OR COELIAC
SPRUE AND UC PATIENTS
PBMC from Crohn's patients with detailed
clinical descriptions were analysed in compari-
son with normal donors (Table IV). CD19+
B-cells from normal donorPBMC express almost
exclusively CD45RA+ RO-, consistent with
our previous work.9 17 Similarly, B-cells from UC
and coeliac sprue PBMC express this isoform

TABLE IV CD19+ Peripheral blood mononuclearcells

CD45 RA+ RO- RA+ RO+ RA- RO+ RA-RO-
(%) (%) (%) (%) (%)

Crohn's disease (n= 17) 58 (9)* 13 (4)t 15 (5)t 16 (5)t
Ulcerative colitis (n= 11) 98 (0)* 2 (0)t 8 (0)t 0t
Coeliac (n= I 1) 96 (1)* 2 (1)t 1 (°)t 0t
Normal (n=9) 99 (l)* 0* 0* 0*

CD45 isoform staining (CD45RA and RO) on CDl9+ B-cell peripheral blood mononuclear cells as

detected by three colour immunofluorescence as described in Table III. Values are reported as mean

(SEM).
*p<0005 Crohn's disease v normal, Crohn's disease v UC, and Crohn's disease v coeliac sprue.
tP<0-05 Crohn's disease v UC and Crohn's disease v coeliac sprue.

almost exclusively (98 and 96% respectively). In
contrast, PBMC from patients with Crohn's
disease included 44% of B-cells with an abnormal
phenotype, either lacking expression of
CD45RA, or coexpressing CD45RA and
CD45RO (Table IV). Fifteen per cent ofCD19+
PBMC B-cells of patients with Crohn's disease
expressed CD45RA- RO+, 13% coexpressed
both CD45RA and RO, and 16% were
CD45RA- RO-. Thus, these B-cells have a
CD45 isoform distribution consistent with their
definition as a population of late stage antigen
activated B lymphocytes.
The expression of CD45 isoforms on B-cells

from Crohn's disease PBMC was very hetero-
geneous, unlike that from normal donors, UC or
coeliac sprue. Figure 1 shows the consistently
high and comparatively uniform CD45RA
density on normal, UC, and coeliac sprue B-cells
in contrast with the broad density distribution on
PBMC B-cells from Crohn's disease. Crohn's
B-cells included a clearly CD45RA negative
population and a broad distribution of
CD45RA+ cells. A similar degree of hetero-
geneity was evident for the CD45RO expression
on B-cells (Fig 2). PBMC from Crohn's patients
included a bimodal but heterogeneous popula-
tion of CD45RO+ B-cells with predominantly
high antigen density (Fig 2). In general, those
cells with a low intensity ofCD45RO were those
cells coexpressing CD45RA (Fig 1 and Table
IV).

CD 19+ B PERIPHERAL BLOOD LYMPHOCYTES FROM
NORMAL AND CROHN S DISEASE PATIENTS ARE
CD 1 b- AND MAINLY CD5-
CD5 and CD11b expression on CD19+ B-cell
PBMC from patients with Crohn's disease was
analysed. No CD11b was found on CD19+
B-cell PBMC from patients with Crohn's
disease, or on B-cells from normal donors. A low
level of CD5 expression (mean 7 (1)%, n= 19)
was found on CD19+ B peripheral blood
lymphocytes in Crohn's disease patients, less
than that found on B-cells from normal donors
(mean= 30 (5)%, n=7) (data not shown). As CD5
and CD1 lb have been shown to increase on the
activation of B-cells the lack of either antigen
on lamina propria lymphocytes B-cells argues
against any activating effect of the procedures
used to isolate lamina propria lymphocytes.4529

CORRELATION BETWEEN THE PROPORTION OF
CD45RO+ B-CELLS AND SEVERITY OF CROHN'S
DISEASE
Considerable variability was detected in the
expression of CD45RA or RO among CD19+
PBMC from individual patients with Crohn's
disease, in clear contrast with the normal pattern
(Fig 3). To assess the clinical significance of this
considerable variation in CD45RA and RO
expression on CD19+ B-cells, clinical data were
obtained on each patient. A number of para-
meters known to be associated with Crohn's
clinical disease severity were tabulated, and
multiple regression analysis was performed on
these values using the statistical program SPSS/
PC+. The B-cell subsets defined by CD45
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Coeliac sprue Crohn's disease

Figure 1: CD45RA expression on CD]9+ PBMC B-cells. Normal, ulcerative colitis, and
coeliac sprueFACScan histograms have consistently high and comparitively uniform expression
ofCD45RA in contrast with the heterogeneous distribution in peripheral blood mononuclear
cells B-cells in Crohn's disease. Staining was as described in Table III. Files were gatedfor
CDI9+ cells and the distribution ofCD45 isoform plotted. The vertical line denotes cell number
and the horizontal axis the logfluorescence intensity. Cells were stained with CDI9 or CD20
FITC, CD45RA PE, and CD45RO/biotinylated goat anti-mouse Igltandem-avidin. Files of
20 000 cells were collected, and then gatedfor CDI9+120+ cellsfollowed by a plot of
CD45RA staining. Similar results were obtained with either CD] 9 or CD20.

isoforms, as dependent variables, were com-
pared with the clinical parameters; Crohn's
disease activity index (CDAI), disease duration,
erythrocyte sedimentation rate, drugs, age of
patient, and disease severity, as independent

Normal
I
I I

I

Ceia Ipu

Crohn's disease

Figure 2: CD45RO expression on CDl9+ PBMC B-cells. Files were gatedfor CD19+ or

CD20+ cells and the expression ofCD45RO plotted as a histogram. Negligible expression of
CD45 RO+ isfound on CDI9+ B-cellsfrom normal, coeliac sprue or ulcerative colitis patient
peripheral blood. Peripheral blood mononuclear cellsfrom Crohn's patients included a
heterogeneous population ofCD45RO+ B-cells with predominantly high antigen density.
Similar results were obtained with either CD]9 or CD20. Staining and analysis were asfor
Figure 1.

variables. CD45RO+ B-cells were divided into
two groups, group 1 included B-cells expressing
0-49% CD45RO+. Group 2 included all
patients with B-cells having 50% and greater
CD45RO+ expression. These values were com-
pared with the respective CDAI values for each
patient, showing the means of the two groups to
be significantly different using the two sample
t test (group 1 mean= 108X2, SE= 16&5) (group 2
mean= 179-0, SE=27-4) (n, =23, n2=6, t=2-01,
2 tail p=0 05). Furthermore, there is a grouping
of high values of CD45RA- RO+ with high
CDAI values and vice versa. No other combina-
tion of parameters or any B-cell phenotype had
such a significant relation. When CDAI was
graphed against CD45RO, however, the relation
was not linear, with some patients having high
CDAI expressing low CD45RO on their CD19
cells and vice versa, suggesting that other para-
meters participate in the degree of expression of
CD45RO on B-cells.

Discussion
In this report we have focused on the expression
of CD45 and its isoforms RA and RO on PBMC
or lamina propria lymphocytes, or both from a
variety of intestinal diseases including Crohn's
disease, UC, coeliac sprue, and normal control
patients. Previous studies have been limited to
immunohistochemical quantification of the
CD45 isoforms on T-cells, or to heightened
lymphocyte activation in peripheral blood not
specific to Crohn's disease.34 1730

Differences in immunoglobulin isotype pro-
duction by lamina propria lymphocytes from
patients with Crohn's disease compared with
lamina propria lymphocytes from UC and
normal controls has been shown by others, but
this difference cannot be a result ofcell activation
alone because differentiated cells and not
activated replicating cells are responsible for
most of the immunoglobulin production.42'
Moreover, recognition of the expression of
CD45RO on B-lymphocytes has been recent and
until this report, primarily associated with some
normal B-cells from aged adults, in vitro
stimulated B-lymphocytes, and malignant
B-cells.9811124 3 Acquisition of CD45RO isoform
on B-lineage cells occurs after in vitro stimula-
tion9'18 confirming the in vivo transition from
CD45RA to CD45RO, a process accentuated in
lamina propria lymphocytes and Crohn's disease
PBMC. This study identifies a unique popula-
tion of non-malignant CD45RO+ CD19+
PBMC that to date have been identified only
after in vitro stimulation and in PBMC from
patients with multiple myeloma, Waldenstrom's
macroglobulinaemia, and chronic lymphocytic
leukaemia.3' 32

Our analysis ofCD3+ lamina propria lympho-
cytes from the normal intestine confirms the
prevalence of CD45RO as the predominant
isoform (66 (8)%). Comparatively few antigen
inexperienced (CD45RA+) or transitional forms
(CD45RA+ RO+) were identified in normal
lamina propria lymphocytes (9 (2)% and 19 (4)%
respectively). These findings are consistent with
previous published work.' This consistency with
accepted published works was necessary to

Ulcerative colitis

Ulcerative colitis
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Expression ofCD45RO on circulatingCDI9+ B-cells in Crohn's disease
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Figure 3: Percentage of
CD19+ CD45RA+ or
CDJ9+ CD45RO+
B-cells in Crohn's disease v
normal peripheral blood
mononuclear cells. Staining
was as described in Figure 1.
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provide a framework to compare CD45 isoforms
on B-cells in these same patients.

B-cells from organ tissue (including spleen,
lymph node, and thymus) also express CD45RA
but unlike normal PBMC, these tissues also
express a substantial proportion of CD45RO.9
This may be as a result of their role as immuno-
logical responders to environmental antigens,
given the presence of germinal centres in these
tissues. Our data identify normal intestinal
lamina propria lymphocytes as another tissue
with a proportion of B-lymphocytes expressing

CD45RO, probably because of the continuous
antigen exposure ofnormal intestine. In contrast
with the pattern of CD45 isoform expression
among circulating B-cells in PBMC, equal
expression of CD45RA and RO is found in
normal CD19+ lamina propria lymphocytes.
The pattern ofCD45 isoforms on CD19+ lamina
propria lymphocytes from inflamed, diseased
IBD tissue closely resembled normal intestine,
although some patients with Crohn's disease
had increased numbers of CD45RO+ B-cells,
however this difference was not statistically
significant. CD19+ lamina propria lymphocytes
B-cells from normal or diseased intestine have
not been previously analysed specifically for
CD45 isoform expression. The shift of B-cell
CD45 isoforms, however, to a more terminally
differentiated population in the gut mucosa is
consistent with the heightened immune activa-
tion in gut found by others.429 This comfirms
that intestinal B-cells comprise an antigen
stimulated subset at later stages of differentiation
than seen for peripheral blood B-cells compatible
with the activated state of normal intestine
lamina propria lymphocytes.
CD45RA+ RO+ as well as RA- RO- subset

phenotypes were represented among CD19+
PBMC from patients with Crohn's disease in
contrast with UC or normal PBMC. This pattern
of CD45RO+ and transitional isoform expres-
sion suggests a population of activated or late
stage B-cells as might be predicted if they play a

part in the general heightened immune response
associated with Crohn's disease. This hetero-
geneity of CD45 expression on CD19+ PBMC
from patients with Crohn's disease was statistic-
ally studied with a number of clinical parameters
(including the CDAI, disease duration, extra-
intestinal disease, disease location (colon, small
bowel, colon and small bowel), erythrocyte
sedimentation rate, drugs, and age of patient)
by multiple regression analysis to determine if
any of these variables could account for the
aberrant pattern of CD45 isoform expression
found on this population of PBMC. Of these
clinical parameters, the CDAI was found to be
statistically correlated with significance to the
CD45RA- RO+ subpopulation of CD19+
PBMC in Crohn's disease. When CD45RO+
B-cell expression is graphed against the CDAI,
however, the pattern obtained does not seem
linear. This may be due to CD45RO expression
being related to another variable such as changed
intestinal permeability. Moreover, the CDAI is
known to vary as a measurement of Crohn's
disease severity and this also contributes to the
dispersed appearance of the graph. Further
studies ofCD45RO in Crohn's peripheral blood
lymphocytes are in progress and may show a
more linear relation with other variables.

Although other explanations are possible, the
most plausible suggests that the apparent corre-
lation of CD45RA- RO+ CD19+ PBMC with
the CDAI results from a stimulated immune
system in more severely ill patients either as a
primary event initiating intestinal inflammation
or as part of an inflammatory cascade once
inflammation has started. CD5 and CD1 lb were
absent from lamina propria lymphocytes or
PBMC B-cells suggesting these represent late
stage B-cells rather than cells in the process of
activation, which would express both antigens
based on patterns of activation in vitro.9 Recent
work by MacDonald has shown an activated
submucosal T-cell population in Crohn's disease
patients intestine. Such a population could pro-
vide the necessary help to result in the high
proportion of late stage and transitional B-cells
found in Crohn's disease.33 To our knowledge,
no other population of differentiated, mature
PBMC has been identified exclusively in patients
with Crohn's disease. Drugs used could not
explain the exclusive expression of CD45RO on
B-cells in Crohn's disease because the same
drugs were used in UC without CD45RO being
found. Additionally, no statistical correlation
with a specific drug could be identified to
account for the presence of CD45RO+ B-cells.
Our finding of a trend towards an increased

proportion of CD45RO+ and transitional
lamina propria lymphocytes in Crohn's disease
may reflect the increased accessibility of antigens
to lamina propria lymphocytes in Crohn's
disease because of the transmural inflammation
characteristic of this illness. Alternately, the
abnormal immune response identified in Crohn's
disease may permit antigen penetration through
mucosa resulting in increased lamina propria
lymphocytes B-cell transition to the CD45RO
isoform. The prevalence of the CD45RO isoform
almost exclusively on CD19+ PBMC of patients
with Crohn's disease thus may be due to a 'spill
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over' of these transitional B-cells from gut into
blood.

In conclusion, we have recorded the expres-
sion of CD45RO on circulating PBMC B-cells
exclusive to IBD patients with Crohn's disease.
The presence of high numbers of late stage
CD45RO+ lymphocytes in the gut has been
identified previously.' Our identification of
CD45RO+ and transitional CD45 isoform
B-cells in peripheral blood, however, defines a
new cellular population of interest in IBD.
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