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Eosinophil Activation in Ulcerative Colitis
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 To evaluate the activity level of eosinophils in patients with 
ulcerative colitis (UC), we analyzed peripheral blood 
eosinophil counts, serum levels of eosinophil cationic protein 
(ECP) and the percentage of hypodense eosinophils among 
all eosinophils in peripheral blood. Patients with active UC 
had significantly higher serum ECP levels and eosinophil 
counts, compared with patients in remission and healthy 
controls. Serum ECP levels correlated positively with 
eosinophil counts. In patients who could be followed from the 
active stage of UC to remission, ECP decreased significantly 
over time and eventually reached approximately normal 
levels, while eosinophil counts showed no significant change. 
The mean percentage of hypodense eosinophils (specific 

gravity < 1.082 g/ml) in peripheral blood was 5% or less in 
patients in remission and healthy controls, but it was 31.7 % 
in patients with active UC. 

 These results suggest that eosinophils are activated in 

patients with UC, and that they are involved in injury to the 
colorectal mucosa by inducing the release of cytotoxic 

proteins such as ECP. 

Key words : ulcerative colitis, eosinophil cationic protein, 
           hypodense eosinophil

Introduction 

 The colorectal mucosa of patients with ulcerative colitis 

(UC) shows infiltration by various inflammatory cells, 
such as lymphocytes and plasma cells. Infiltration by 
neutrophils and eosinophils is especially marked in the 
mucosa affected by active UC''2'. However, little is known 
about the roles of eosinophils in UC. 

 Regarding the roles of eosinophils in other diseases, 
eosinophils had been previously thought to control allergic 
inflammation by degrading histamine, leukotrienes and 

platelet activating factor (PAF) which are released fol-
lowing allergic responses and by englobing immune com-

plexes in tissue. In the 1980's, however, Gleich et al. 3),4) 
reported that marked eosinophil infiltration of the airway 
mucosa was noted in patients who died of asthma, that 
large amounts of major basic protein (MBP), a basic 

protein contained in some granules of eosinophils, had 
deposited on the airway mucosa of these patients, and that 
the MBP was found in vitro to be highly cytotoxic. This 
report and other reports published thereafter revealed that

infiltrating eosinophils serve as effector cells that induce 
inflammation. 

 We speculate that eosinophils are proinflammatory cells 
in UC. The present study was undertaken to evaluate the 
activity level of peripheral blood eosinophils in patients 
with UC. As an indirect index of eosinophil activity, we 
measured serum levels of eosinophil cationic protein 

(ECP), which is a granular protein found in eosinophils') 
and known to be highly cytotoxic'). As a direct index of 
eosinophil activity, the percentage of hypodense eosino-

phils was also measured

Subjects and Methods 

1. Subjects 

 The subjects were 106 patients with UC who had been 
treated as out-or inpatients at the Second Department of 
Internal Medicine, Nagasaki University Hospital or at its 
related facilities. Eighteen healthy volunteers served as 
controls. Cases complicated by allergic disease such as 
bronchial asthma or atopic dermatitis were excluded from 
this study. Patients who had been using steroids and/or 
immunosuppressors at the start of this study were also 
excluded, to avoid the influence of these drugs on the 
study. Of the 106 UC patients, 10 could be followed from 
the active stage of the disease to remission. A total of 116 
samples (36 samples collected in the active stage and 80 
samples during remission) were examined. 

 For 10 patients with UC (4 in the active stage and 6 in 
remission) and 4 healthy controls who consented to 
collection of 50 ml blood, the percentage of hypodense 
eosinophils among all eosinophils in peripheral blood was 
determined. 

2. Methods 

1) Measurement of serum ECP 
 Serum was separated from blood samples 30 mins after 

the samples were collected. The serum was then frozen at 
-80'C until the ECP level was measured with an ECP RIA 

kit (Pharmacia, Uppsala, Sweden), according to Venge et 
al. 's method').
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2) Percentage of hypodense eosinophils 
 The distribution of the specific gravity of peripheral 

blood eosinophils was obtained in the following steps, 
using Yoshikuni's method of discontinuous Percoll density 

gradient centrifugation'. 
 Heparinized peripheral blood was left standing for 

20 min after one-fourth its volume of 6 % dextran-

containing saline was added to it. The leukocyte-suspended 
fraction of this solution was layered onto a Ficoll-Conray, 
followed by 30-min centrifugation at 500X g. The plasma 
cell, lymphocyte and monocyte layers were discarded. The 

polymorphonuclear leukocytes (PMN) fraction was 
combined with 0.87 % NH4C1 solution for hemolysis. The 
mixture was then centrifuged, and the resulting pellets 
were washed in FCS-containing PIPES buffer. 

 A Percoll was diluted with PIPES buffer to yield four 
solutions with different specific gravities (1.100, 1.090, 
1.085 and 1.080 g/ml). Each of these solutions (3 ml) were 
layered sequentially, using a peristaltic pump. PMN were 
then suspended in 2 ml of an FCS-containing solution 
(1.070 g/ml). This suspension was layered onto the discon-
tinuous Percoll gradient. After 20-min centrifugation at 
400 X g, 1 ml of each fraction was collected, using a peri-
staltic pump. 

  The specific gravity of each fraction was determined by 
applying the refractive index of each fraction to the 
reference gravity-refraction index curve for Percoll solu-
tions. Furthermore, the percentage of eosinophils was 
calculated based on the granulocyte counts of each fraction 
and the responses to May- Giemsa staining. 

  An eosinophil specific gravity distribution curve was 
obtained from the data concerning the percentage of each 
fraction's eosinophil count among all eosinophils. Eosino-

phils with a specific gravity below 1.082 g/ml were re-
garded as hypodense eosinophils, and their percentage 
among all eosinophils in peripheral blood was calculated. 

3) Statistical analysis 
  The values of each parameter were expressed as mean ± 

SD. The significance of differences in averages was tested, 
using Student's t-test. p < 0.05 was regarded as signif i-
cant.

Figure 1. Serum ECP levels in patients with active UC, in 

remission and healthy controls.

Results 

1. Serum ECP level and eosinophil counts 

 The serum ECP level for patients with active UC (27.5 
± 23.1 ,u g/L) was signif icantly higher than that for 

patients in remission (8.4 ± 7.3 ,u g/L) and healthy con-
trols (6.2±3.1 ,ug/L) (p<0.01) (Figure 1). 

 The peripheral blood eosinophil counts for patients with 
active UC (362±268/mm 3) was also significantly higher 
than that for patients in remission (136 ± 113/mm') (p <

Figure 2. Peripheral blood eosinophil counts in patients 

with active UC, in remission and healthy controls.



Figure 3. Correlation between serum ECP levels and peripheral blood eosinophil counts in UC patients (n = 116).

Figure 4. Individual changes of ECP and peripheral blood eosinophil counts from active stage to remission 
        in UC patients (n = 10).

0.01) and healthy controls (138 ± 129/mm') (p <0.05) 
(Figure 2.). 

 In patients with UC, serum ECP levels correlated posi-
tively with peripheral blood eosinophil counts (r = 0.524) 

(Figure. 3).

2. Individual changes of ECP and eosionphil counts from 
active stage to remission 

 In the 10 patients who could be followed to remission, 
the serum ECP level, which was 36.0 ± 25.7 ,u g/L in the 
active stage, decreased significantly to an approximately 
normal level (8.1±3.4 ,ug/L) during remission (p<0.01).



Figure 5. Eosinophil specific gravity distribution curve in 
patients with active UC (n = 4), in remission (n = 6) and 
healthy controls (n = 4). The percentage of hypodense 
eosinophils (specific gravity<1.082 g/ml) increases in the 
active stage of UC.

In terms of eosinophil counts, however, there was no 
significant difference between the active stage and remis-
sion of these 10 patients (Figure 4).

3. Percentage of hypodense eosinophils 

 The percentage of hypodense eosinophils in peripheral 
blood was significantly higher in patients with active UC 

(31.7±21.7 %) than in patients in remission (2.1 ±2.2 %) 
(p < 0..01) and healthy controls (1.8± 1.1 %) (p < 0.05) as 
shown in Figure 5.

Discussion 

 Because marked infiltration by eosinophils is often 
noted in the colorectal mucosa of UC patients, we have 
been interested in the possible roles of eosinophils in UC, 
especially the possible cytotoxicity of eosinophils. When 
activated, eosinophils undergo degranulation and serve as 

effector cells by releasing ECP and MBP9). In the present 
study, we measured serum ECP levels as an index of 
eosinophil activation, and analyzed the relationship 
between serum ECP levels and UC activity levels. Serum 
ECP levels and peripheral blood eosinophil counts in 

patients with active UC were significantly higher than 
those for patients in remission and healthy controls. When 
changes in these parameters in individual subjects were 
analyzed, the serum ECP level correlated better with the 
activity level of UC than did the eosinophil count. 

 The distribution of the specific gravity of eosinophils is 
known to be heterogenousl°). Hypodense eosinophils with a 
specific gravity below 1.082 g/ml are `activated eosino-

phils'. Compared with normodense eosinophils with a 
specific gravity over 1.082 g/ml, hypodense eosinophils 
show enhanced functions as proinflammatory cells, e. g., 
increased expression of cell surface receptors", increased 

production of LTC412) and enhanced chemotaxis and 
cytotoxicity1l). Patients with bronchial asthma or atopic 
dermatitis have been reported to show an increase in 
hypodense eosinophils14~ 

 In the present study, the percentage of hypodense 
eosinophils in peripheral blood was analyzed as a direct 
index of eosinophil activation in peripheral blood. This 
analysis revealed an increase of hypodense eosinophils 
during the active stage of UC. This supports the view that 
eosinophils are activated in UC patients. 

 Berstad et al."), who examined feces instead of periph-
eral blood, reported that fecal ECP levels were signifi-
cantly elevated in patients with UC and Crohn's disease. 
As we previously reported, a significant increase of 
eosinophils was also noted in the colorectal mucosa of 

patients in the active stage of UC16'. We also reported that, 
the secreted type ECP, which reacts with EG2 antibody, 
was immunohistochemically positive in the lamina propria 
of the colorectal mucosa". EG2 antibody is a monoclonal 
antibody which Tai et a118). prepared by immunizing mice 
with the supernatant of the cultures of zymosan-C3b-
stimulated eosinophils. This antibody does not react with 
the stored type ECP of normal eosinophils. Furthermore, 
by electron microscopy, we found that the eosinophils 
invading the colorectal mucosa of patients with active UC 
showed varying degrees of degranulation (unpublished 
data). Taking these findings together, we speculate that 
eosinophils are activated in patients with UC, and involved 
in injury to the colorectal mucosa through thier release of 
ECP.



 Although the causes of UC remains unknown, it has been 
widely accepted that abnormal local immune responses in 
the mucosa are involved in the etiology of this disease. It 
is likely that the colorectal mucosa of humans with UC 
contains activated T cells, which produce ECF and IL-5, 
resulting in chemotaxis of eosinophils. It is also likely that 
GM-CSF, IL-3 and IL-5 activate eosinophils, resulting in 
degranulation of eosinophils and the release of ECP from 

eosinophils. Since we found increased LTB4 in the colorec-
tal mucosa of UC patients (unpublished data), we specu-
late that the LTB4 and PAF, which are produced by mast 
cells, are also involved in the chemotaxis and activation of 
eosinophils. 

 In conclusion, the colorectal mucosa of UC patients 
shows infiltration by various inflammatory cells, and that 
injury to the colorectal mucosa due to activation of 
eosinophils and the release of ECP from activated 
eosinophils is closely associated with UC.
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