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SUMMARY

Colonic epithelial cells of patients with UC express DAF in relation to the severity of mucosal
inflammation. The aim of this study was to determine whether this factor in stool could be used as a
marker of disease activity in UC patients. Stool DAF was measured by use of an immunoassay in 181
stool specimens obtained from 55 patients with UC of various levels of disease activity. Stool DAF
concentrations in patients whose UC was active (0·0–785·6 ng/g stool; median 47·1 ng/g;n¼ 115) were
significantly higher than concentrations in patients whose disease was inactive (0·0–48·6 ng/g; median
0·0 ng/g;n¼ 66) (P<0·0001). Values in active UC patients also were higher than those in control
patients with diarrhoea (0·0–30·0 ng/g; median 0·0 ng/g;n¼ 26) (P< 0·0001) and in control subjects
without apparent colorectal disease (0–20·4 ng/g; median 0·0 ng/g;n¼ 44) (P<0·0001). The elevated
levels of stool DAF obtained from UC patients in relapse declined markedly in specimens collected after
the disease went into remission following medical therapy. Stool DAF levels correlated with the
severity of endoscopic and histological findings and the degree of DAF expression on the colonic
epithelia. Our results suggest that the measurement of stool DAF is useful as a non-invasive means of
monitoring intestinal disease activity in patients with UC.
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INTRODUCTION

In the management of UC, assessment of disease activity is
essential. At present, disease activity is assessed by consideration
of subjective symptoms, clinical features, and findings of radio-
graphy and colonoscopy. Simple, non-invasive methods for mea-
suring the degree of mucosal inflammation have been needed.

Recently, we showed that DAF (CD55), a glycoprotein
involved in regulation of the complement cascade [1], is promi-
nently expressed on colorectal cancer cells [2] and is detectable in
stools of patients with colorectal cancer [3]. We have shown also
that colonic epithelial cells in UC express DAF on their apical cell
surface in relation to the severity of mucosal inflammation [4]. It
seems likely that DAF is shed into the colonic lumen of UC
patients with active inflammation. Consequently, it seems reason-
able that determination of DAF in stools could be a non-invasive
method for measuring the degree of disease activity in UC. In the
present study, we measured stool DAF concentrations in patients
with UC to determine the validity of this possibility.

PATIENTS AND METHODS

Patients
Fifty-five patients with UC (23 women and 32 men, age range 16–
68 years, mean age 37 years) were studied. The diagnosis of UC
was based on history, clinical symptoms, and endoscopic and
histological findings. Twenty-six patients had total colitis, 13 had
left-sided colitis, and 16 had proctitis. Several spontaneous stool
samples (1–5 g) were obtained from each of the patients during
times of various degrees of disease activity. Disease activity was
categorized on the basis of clinical features and laboratory data
according to the criteria of Truelove & Witts [5]. A total of 181
stool specimens was collected and examined. One hundred and
fifteen of the specimens were taken when the patients’ disease was
in a clinically active stage; the remaining 66 specimens were taken
when the disease was in remission.

Thirty-nine stool samples were obtained as normal controls
from 23 patients (18 women and five men, age range 31–60 years,
mean age 52 years) who underwent colonoscopy for abdominal
symptoms but showed no apparent colorectal disease, and from 21
healthy volunteers (five women and 16 men, age range 26–
42 years, mean age 32 years). Stool samples were obtained also
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from 26 patients with diarrhoea (12 women and 14 men, age range
15–72 years, mean age 37 years) who had these conditions: irri-
table bowel syndrome,n¼ 12; infectious colitis,n¼ 11; antibio-
tics-induced colitis,n¼ 2; colonic tuberculosis,n¼ 1. Informed
consent was obtained from each patient.

Determination of DAF in stool specimens
The stools were weighed, suspended in an equal volume of PBS
containing 1% bovine serum albumin, 0·05% Tween 20 and 1 mM

PMSF, then centrifuged at 20 000g for 15 min. Supernatants were
collected and kept frozen at –808C until use. Samples were coded,
and the person doing the DAF assay had no knowledge of their
origin.

Stool DAF was measured by an ELISA, using 1C6 mouse
monoclonal and rabbit polyclonal antibodies to DAF as described
[3,6]. A calibration curve was obtained from several dilutions of
known quantities of purified DAF, and the concentrations of DAF in

samples were calculated. Because our preliminary study showed that
stool DAF concentrations obtained from patients with active UC
were 10–100 times higher than those from colorectal cancer patients,
we diluted the stool samples so that their optical density (OD) values
fitted in the calibration curve. Samples were analysed in duplicate,
and the results are presented as ng/g stool. In some of the stool
samples analysed for DAF, haemoglobin concentrations were also
determined, by use of an immunological test for faecal haemoglobin
(Lumipule HemSp; Fujirebio Inc., Tokyo, Japan).

Endoscopic and histologic examination
In 45 patients with UC, a total of 65 colonoscopic examinations
was performed within 1 week before or after stool specimens were
obtained (43 examinations were done when patients were in the
clinically active stage and 22 in remission). The stool DAF
concentrations and endoscopic or histological findings were com-
pared. Biopsy specimens were taken from the lesion with the most
severe endoscopic findings when the disease was active and from
the rectum when the disease was in remission. The severity of
mucosal damage based on endoscopic findings and degrees of
mucosal inflammation based on histological features were graded
according to the method described by Matts [7]. Colonoscopic and
histological findings were graded by two gastroenterologists (M.M.
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Table 1. Stability of DAF in stools from two patients with active UC

Stool DAF concentration (ng/g stool)

Time ( h)

0 4 8 12 16 24

Patient 1 48C 268·4 322·3 287·4 276·0 239·5 285·5
RT 268·4 ND ND 224·6 ND 264·0

Patient 2 48C 64·4 60·4 72·4 62·2 58·8 63·5
RT 64·4 ND ND 62·8 ND 64·4

Stools were kept at either 48C or room temperature (RT) for various
periods before processing for the measurement of stool DAF. ND, Not
done.
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Fig. 1. Stool DAF concentrations in control subjects without apparent
colorectal disease (normal control), control patients with diarrhoea due to
causes other than UC (diarrhoea control), and UC patients when the disease
was active or inactive. Active UCversusinactive UC, diarrhoea control,
and normal control,P< 0·0001 (Mann–WhitneyU-test).
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Fig. 2. Effects of medical treatment on stool DAF concentrations in patients
with UC. Stool DAF concentrations in specimens obtained from patients
with active diseaseversusconcentrations in those obtained after the disease
had gone into remission following medical therapy.P¼ 0·0001 (Wilcoxon
signed rank test).



and H.O.) who had no knowledge of the stool DAF values of
patients under examination.

Immunohistochemistry
Two biopsy specimens were obtained during each colonoscopic
examination. One was fixed in formalin and processed for routine
histological examination. The other was fixed in a periodate-lysine-
paraformaldehyde fixative [8] for immunohistochemical staining of
DAF, by use of an indirect peroxidase-labelled antibody method
with 1C6 mouse MoAb to DAF as described [2,4]. The expression of
DAF on the epithelial cells in the colonic mucosa was semiquanti-
fied blindly according to an arbitrarily defined score [4].

Statistical analysis
For statistical analysis, Mann–WhitneyU-test, Wilcoxon’s signed
rank test, and Kruskal–Wallis test were used. Correlation was
assessed using Spearman’s rank correlation coefficient.

RESULTS

Stability of DAF in stools from UC patients
Because proteolytic enzymes such as elastase are present in stools
of UC patients [9], we first evaluated the stability of DAF in stools
from patients with active UC. As shown in Table 1, DAF
concentrations in stool specimens from two patients with active
UC were found similar within 24 h after defecation, whether the
specimens were kept at 48C or at room temperature. This series of
measurements also established the reproducibility of the assay.

Stool DAF concentrations in UC patients and controls
The distribution of stool DAF concentrations in each patient
group is shown in Fig. 1. Stool DAF concentrations in UC
patients whose disease was active (0·0–785·6 ng/g; median
47·1 ng/g stool) were significantly higher than those in patients
whose disease was inactive (0·0–48·6 ng/g; median 0·0 ng/g)
(P<0·0001). Values in active UC patients were also higher
than those in control patients with diarrhoea (0·0–30·0 ng/g;
median 0·0 ng/g) (P<0·0001) and in control subjects without
apparent colorectal disease (0–20·4 ng/g; median 0·0 ng/g)
(P<0·0001) (Mann–WhitneyU-test).

Effects of medical treatment on stool DAF concentrations
We evaluated the effects of medical treatment on stool DAF
concentrations. A pair of stool samples was obtained from each
of 19 UC patients (11 patients with total colitis, two with left-
sided colitis, six with proctitis). The first specimens were taken
when the patients’ disease was active, and the second when the
disease was in remission after medical therapy. The elevated
levels of stool DAF (16·4–729·2 ng/g; median 218·0 ng/g) in
patients with active disease fell to much lower levels in speci-
mens collected when the disease had gone into remission (0·0–
48·6 ng/g; median 1·2 ng/g) (P¼ 0·0001; Wilcoxon signed rank
test) (Fig. 2).

Serial determination of stool DAF concentrations in one case of
UC with relapse and remission is presented (Fig. 3). Stool DAF
concentrations correlated well with disease activity according to
the frequency of bowel movements, clinical symptoms and the
severity of endoscopic and histological findings.

Haemoglobin and DAF concentrations in stool
Because DAF is present on erythrocytes [1], and stools from
patients with active UC often contain blood, elevated levels of
DAF concentrations in UC patients’ stools might be caused by
increased amounts of faecal blood. To examine this possibility,
concentrations of haemoglobin and DAF were determined in 51
stool specimens from patients with active UC. The DAF and
haemoglobin concentrations were not correlated (Spearman’s
rank correlation coefficient,r ¼ 0·16,n¼ 51, P¼ 0·263).
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Fig. 3. Serial levels of stool DAF concentrations in one case of UC with
relapse and remission. The patient, a 53-year-old woman with left-sided
colitis, had been hospitalized three times within 2 years due to clinical
relapse. Endoscopic findings were graded according to Matts [7]: grade 1,
normal; grade 2, mild granularity of the mucosa, with mild contact
bleeding; grade 3, marked granularity and oedema of the mucosa, contact
bleeding, and spontaneous bleeding; grade 4, severe ulceration of mucosa
with haemorrhage. Histological findings were graded according to Matts
[7]: grade 1, normal appearance; grade 2, some infiltration of the mucosa or
lamina propria with either round cells or polymorphs; grade 3, much
cellular infiltration of the mucosa, lamina propria, and submucosa; grade
4, presence of crypt abscesses, with much infiltration of all layers of the
mucosa; grade 5, ulceration, erosion, or necrosis of the mucosa, with
cellular infiltration of some or all of its layers.
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Fig. 4. Stool DAF concentration by endoscopic grade (see legend to Fig. 3)
in UC. Spearman’s rank correlation coefficient,r ¼ 0·58 (P<0·0001).



Relationships between stool DAF concentrations and colonoscopic
and histological gradings in patients with UC
In patients with UC, stool DAF concentrations and the severity of
mucosal injury evaluated by endoscopic findings were significantly
correlated (Spearman’s rank correlation coefficient,r ¼ 0·58,
n¼ 65, P<0·0001) (Fig. 4). However, there was no significant
relationship of stool DAF concentrations to the extent of area
involved as determined endoscopically (P¼ 0·229) (Kruskal–
Wallis test). Stool DAF concentrations correlated significantly
with the severity of mucosal inflammation as determined by
histological findings (Spearman’s rank correlation coefficient,
r ¼ 0·52,n¼ 65, P<0·0001) (Fig. 5).

Correlation between stool DAF concentrations and tissue DAF
expression
In accordance with our previous observation [4], DAF staining of
the colonic mucosa of UC patients was increased in relation to the
severity of mucosal inflammation. Also, there was a significant
correlation between stool DAF concentrations and the grade of
histological DAF expression (Spearman’s rank correlation coeffi-
cient, r ¼ 0·71,n¼ 65, P<0·0001) (Fig. 6).

DISCUSSION

In this study, we determined the amount of DAF in stools from
patients with UC and found that stool DAF concentrations were
significantly elevated in patients with active disease compared with
concentrations in patients with inactive disease, patients with
diarrhoea due to causes other than UC, and subjects without
apparent colorectal disease. The elevated levels of stool DAF in
patients with active UC dropped markedly in specimens collected
after the diseases went into remission following medical therapy.
In addition, stool DAF concentrations correlated with endoscopic
and histological gradings. As expected from the fact that DAF is
resistant to proteolytic enzymes such as trypsin [10] and is stable in
heat treatment [11], measurement of DAF in stool specimens

yielded consistent results during 24 h after defecation even when
kept at room temperature. Thus, the measurement of stool DAF
appears to be a practical and reliable non-invasive means of
assessing intestinal disease activity in patients with UC.

DAF in stool of UC patients possibly comes from several
sources. The first is from colonic epithelial cells in the mucosal
lesion. DAF is only sporadically expressed on colonic epithelial
cells in normal conditions [2,4], but the colonic epithelia of active
UC over-express DAF on the luminal surface [4]. Release of DAF
has been observed from the surface of several kinds of cells [12–
14]. Thus, DAF is probably released into the colonic lumen from
the epithelial cells which over-express DAF in UC. Indeed, stool
DAF concentrations correlated well with the grade of DAF
expression assessed by immunohistochemical staining of the
colonic mucosa. DAF is a glycoprotein that is attached to the
cell membrane through a glycosyl phosphatidylinositol (GPI)
anchor [15]. One proposed role of the GPI anchor is to enable
the efficient release by hydrolytic enzymes which sever the anchor.
In support of this possibility, a soluble form of DAF exists in
various body fluids [12] and a cell-associated GPI-specific phos-
pholipase D is shown to release DAF from HeLa cells [16]. Thus,
DAF in stools of UC patients could be released by enzymatic
cleavage at the GPI anchor. Another possible mechanisms is that
DAF is released in the form of intact vesicles budding from the cell
surface, as some tumour cells are capable of vesiculating under
certain conditions [17,18], or that DAF is derived by secretion from
the cells. We are examining the forms of DAF in stools of UC
patients to help understand the mechanism of DAF release.

DAF in stool also may come from inflammatory cells passing
into the colonic lumen. In UC, inflammatory cells, which synthe-
size and release DAF from their membrane [13], enter the colonic
lumen through the diseased mucosa. Indeed, several proteins
derived from polymorphonuclear cells, such as elastase [9] and
lactoferrin [19], reportedly are increased in stools of patients with
active UC. In addition, DAF in stool may be derived from
erythrocytes, whose plasma membranes are rich in DAF [1].
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Fig. 5. Stool DAF concentration by histological grade (see legend to Fig. 3)
in UC. Spearman’s rank correlation coefficient,r ¼ 0·52 (P<0·0001).

1000

100

10

1

0.4

S
to

o
l 

D
A

F
 (

n
g

/g
)

0 1+

DAF expression

2+

Fig. 6. Correlation between stool DAF concentrations and tissue DAF
expression in UC. Spearman’s rank correlation coefficient,r ¼ 0·71
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However, we found no correlation between the amounts of faecal
DAF and haemoglobin.

Radiographic, colonoscopic and histological examination of
the colon are useful and informative for the assessment of disease
activity of UC, but these invasive examinations may be a burden to
patients when the disease is active. Urinary albumin [20] and
several proteins in stool such as tumour necrosis factor-alpha [21]
have been suggested as markers of intestinal inflammation. Here
we demonstrate that stool DAF concentrations can reflect the
endoscopic and histological findings of mucosal inflammation in
UC. Stool DAF cannot serve as a specific marker of UC, however,
because it is detected also in patients who have colorectal cancer
[3]. Nevertheless, our observations indicate that measurement of
stool DAF concentrations may be an additional non-invasive test of
intestinal disease activity in patients with UC.
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