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Chemokines are thought to be important for the re-
cruitment of granulocytes and mononuclear cells and
thus for the maintenance of inflammation in ulcer-
ative colitis (UC). We have studied the expression of
interferon-g inducible protein-10 (IP-10), interleu-
kin-8 (IL-8), monocyte chemoattractant protein
(MCP)-1, MCP-3, and macrophage inflammatory pro-
tein (MIP)-1a in UC patients and control individuals
to assess the role of these chemokines in disease
progression. Colonic biopsies were taken endoscopi-
cally from patients and controls, frozen immediately
and subsequently stained for IP-10, IL-8, MCP-1,
MCP-3, and MIP-1a in serial sections. Cells infiltrating
the lamina propria but not epithelial cells express the
analyzed chemokines. They were differentiated and
counted, and chemokine-expressing cells were quan-
tified by image analysis. The percentage of cells ex-
pressing IP-10, IL-8, MCP-1, and MCP-3 was signifi-
cantly enhanced in all UC samples as compared to
controls. Expression in the controls was borderline,
except for IP-10. No expression of MIP-1a was found
in controls and UC. IP-10 was also markedly ex-
pressed in the mucosa of control biopsies and there-
fore could have a role in activated T lymphocytes’
recruitment into the healthy mucosa. (Am J Pathol
1999, 155:331–336)

Ulcerative colitis (UC) is a chronic relapsing disease of
unknown etiology with a prominent leukocyte infiltrate,
which is confined to the mucosa and superficial submu-
cosa of the bowel wall and contributes largely to the
tissue damage.1,2 The recruitment and activation of leu-
kocytes in inflamed tissues is a complex process driven
by chemokines and possibly other attractants that in-

duces cell adhesion and locomotion.3 Numerous studies
have described the expression of CXC and CC chemo-
kines in diseased tissues, underlining their role as the
main attractants for different types of inflammatory
cells.4,5 Receptor expression and local generation of dif-
ferent chemokines are the bases for the selectivity of
leukocyte recruitment in different diseases.3 Chemokines
are produced by resident cells such as tissue macro-
phages, mast cells, fibroblasts, and endothelial and ep-
ithelial cells, but also by infiltrating leukocytes. In situ
analysis shows that CXC and CC chemokines are often
expressed concomitantly.4

The relationship between clinical activity, endoscopic
severity, and chemokine production in inflammatory
bowel diseases has been repeatedly investigated.1 Sev-
eral studies have provided evidence for the role of inter-
leukin-8 (IL-8) in mediating infiltration of neutrophils into
the gut wall.6–11 Monocyte chemoattractant protein
(MCP)-1, on the other hand, was reported to elicit the
infiltration of monocytes into the colonic mucosa of pa-
tients affected by UC.12–14

In the present study we analyzed the expression of five
chemokines with distinct, but overlapping target selectiv-
ity to gain information on their role in UC. In addition to the
chemokines that were analyzed previously we have in-
cluded interferon-g inducible protein-10 (IP-10), a selec-
tive attractant of activated T lymphocytes, and MCP-3, a
powerful CC chemokine.5 Serial sections from colonic
biopsies, which were taken endoscopically from assess-
ing UC disease activity, were examined by immunohisto-
chemistry and evaluated by image analysis. All biopsies
stained positively for IP-10, IL-8, MCP-1, and MCP-3 but
not for macrophage inflammatory protein-1a (MIP-1a),
and the number of chemokine-expressing cells in-
creased significantly in dependence on disease activity.
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Materials and Methods

Patients

Colonic biopsies were obtained from 30 consenting pa-
tients with UC (9 female and 21 male; median age 40
years; range, 22–63 years) undergoing colonoscopy for
diagnostic purposes as approved by the institutional re-
view board of the Bologna University Hospital. The diag-
noses were based on clinical, radiological, endoscopic,
and histological criteria.

Disease duration, histological disease activity, and
drug treatment are listed for each patient in Table 1. Five
additional colonic biopsies were obtained as controls
from consenting patients undergoing endoscopy to rule
out a neoplastic disease. Endoscopic appearance of the
colonic mucosa was assessed according to the criteria of
Baron et al.15 Histological disease activity was assessed
according to the criteria of Truelove and Richard.16 A
single pathologist blinded to patient identification, clinical
status, and treatment assigned histological disease ac-
tivity index scores as follows: 0, normal; 1, chronic inflam-
matory cell infiltrate in lamina propria; 2, mild crypt injury
with acute cell infiltrate, some crypt abscesses; 3,
marked crypt destruction with crypt abscesses and ul-
ceration. Patients with UC were divided into two groups
according to histological disease activity scores. Grade 1
corresponds to patients with inactive disease (n 5 17)
and grade 2/3 corresponds to patients with mild to mod-
erate or severe disease activity (n 5 13).

Immunohistochemistry

Tissue samples were immediately embedded in OCT
compound (Sakura Inc., Torrance, CA), frozen in liquid
nitrogen, and stored at 270°C. Cryostatic sections 4 mm
thick were fixed and stained as described.17 Endoge-
nous peroxidase activity in colon mucosa was blocked at
room temperature for 1 hour with 1% hydrogen peroxide
in phosphate buffered saline with 0.1% saponin. Serial
sections were incubated overnight with 5 mg/ml of a
monoclonal antibody (mAb) against IP-10, IL-8, MCP-1,
MCP-3, or MIP-1a.18 Lymphocytes, macrophages, and
neutrophils were identified using anti-CD3 at 1:50, anti-
CD68 at 1:100, and anti-neutrophil elastase at 1:200 (all
from Dako, Glostrup, Denmark). Species and isotype-
matched immunoglobulins (Sigma, St. Louis, MO) were
used as controls. After washing, the slides were incu-
bated for 30 minutes with biotin-labeled sheep anti-
mouse antibody (Amersham, Arlington Heights, IL) at
1:800. After additional washes, the slides were incubated
for 30 minutes with streptavidin-biotin-horseradish perox-
idase (Dako). All incubations were performed at room
temperature. The color reaction was developed with
3-amino-9-ethyl-carbazole (Sigma). The slides were
counterstained with Mayer’s hematoxylin. All chemokine
mAbs were kindly provided by LeukoSite, Inc. (Cam-
bridge, MA). Their specificity was assessed by absorp-
tion. The mAbs were incubated overnight at 4°C with
the respective chemokine, and the supernatants of this

Table 1. Characteristics of Ulcerative Colitis Patients

Patients Age Sex Disease duration (years) Disease extent Histological grade Treatment

FF 44 F 11.2 Sub-total colitis Severe 5-ASA*
CA 47 M 6.4 Left-sided colitis Severe 5-ASA
CL 63 F 18.4 Total colitis Severe SASP§

FA 49 F 7.4 Proctosigmoiditis Severe 5-ASA
LC 42 M 5.8 Total colitis Severe 5-ASA
MR 30 M 9.8 Total colitis Severe 5-ASA
SA 38 F 10.4 Left-sided colitis Severe SASP
TR 23 F 4.2 Proctosigmoiditis Severe 5-ASA
VB 49 M 5.8 Sub-total colitis Severe Steroids 1 5-ASA
VR 33 M 8.6 Total colitis Severe 5-ASA
CF 46 M 3.7 Left-sided colitis Moderate 5-ASA
PR 44 M 7.2 Left-sided colitis Moderate Steroids
MR 30 M 9.6 Total colitis Moderate 5-ASA
CL 63 F 18.3 Total colitis Inactive SASP
GG 22 M 3.5 Proctosigmoiditis Inactive 5-ASA
NM 37 M 6.2 Proctitis Inactive none
PF 42 M 12.6 Total colitis Inactive SASP
PM 47 M 5.4 Proctosigmoiditis Inactive 5-ASA
SG 39 F 8.6 Left-sided colitis Inactive 5-ASA
ZB 27 F 3.3 Proctosigmoiditis Inactive 5-ASA
VG 32 M 7.5 Sub-total colitis Inactive 5-ASA
II 37 M 5.7 Total colitis Inactive 5-ASA

SN 42 M 3.2 Left-sided colitis Inactive 5-ASA
BF 46 M 13.6 Proctosigmoiditis Inactive SASP
CA 31 M 4.8 Total colitis Inactive 5-ASA
MC 41 M 11.6 Sub-total colitis Inactive 5-ASA
RI 33 F 10.2 Total colitis Inactive 5-ASA
TR 31 M 5.6 Proctosigmoiditis Inactive none
LA 37 M 3.4 Left-sided colitis Inactive 5-ASA
ZA 45 M 8.7 Proctitis Inactive none

*5-Aminosalicylic acid; §Sulfalazine.
Histological disease activity of “severe” corresponds to grade 3, “moderate” to grade 2, and “inactive” to grade 1. See Materials and Methods.
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reaction were then used for the immunohistochemistry
procedure.

Analysis of Tissue Sections

The cells expressing chemokines in the lamina propria
were evaluated using the NIH Image analyzer. All epithe-
lial or intraepithelial cells were excluded. Several magni-
fication fields (203 to 403) of each chemokine-stained
section were analyzed. Two acquisitions per field were
made, one in bright field for counting the total number of
cells and the second in bright field with an interpose blue
filter (Kodak Wratten 47B) for enhancing the brown per-
oxidase product. The second image was used for count-
ing chemokine-positive cells. The same method was
used to analyze cells positive for CD68, CD3, and elas-
tase. The results are expressed as percentage of positive
cells with respect to the total number of cells counted.

Statistical Analysis

The parameters were submitted to the Kruskal-Wallis test,
a nonparametric one-way analysis of variance. After the
global analysis, multiple comparisons between pairs of
groups were carried out according to Dunn’s test.19

Results

Chemokine expression was analyzed in serial sections of
biopsies from UC patients and controls. The intestinal
mucosa of control biopsies was free of pathological
changes and contained on average in the lamina propria
41 3 1024 cells/mm2. Much higher numbers of cells were
counted in samples from UC patients. The infiltrate con-
sisted mainly of lymphocytes (CD3-positive cells) and
macrophages (CD68-positive cells) (Table 2). In the lam-
ina propria an average of 52 3 1024cells/mm2 and 57 3
1024cells/mm2 was observed in grade 1 and grade 2/3
biopsies, respectively. Cell-associated positivity for
IP-10, IL-8, MCP-1, and MCP-3 was found in all UC

samples in the lamina propria, but not in the epithelium
(Figure 1). Staining for MIP-1a, by contrast, was not ob-
served. The percentage of chemokine-positive cells in
the three groups, as obtained by image analysis, is
shown in Figure 2.

IP-10-positive cells were found in all samples ana-
lyzed. Their incidence in the lamina propria was 17% in
control, 38% in UC grade 1, and 46% in UC grade 2/3
samples (global value from Kruskall-Wallis test 7.303,
P , 0.05). The difference between controls and UC sam-
ples was highly significant (P , 0.01). No significant
difference was observed, however, between UC grade 1
and UC grade 2/3 (Figure 2).

IL-8-positive cells were found in all of the UC samples
and only rarely in the controls. In the lamina propria,
IL-8-positive cells amounted to 0.25% in control, 11% in
UC grade 1, and 27% in UC grade 2/3 samples (global
value from Kruskall-Wallis test 17.12, P , 0.01). Highly
significant differences (P , 0.01) were observed be-
tween controls and UC, and between UC grade 1 and UC
grade 2/3 (Figure 2).

MCP-1- and MCP-3-positive cells were found in all
controls and UC samples, but the percentages were
lower than for cells expressing IP-10 or IL-8. The inci-
dence of MCP-1- and MCP-3-positive cells in the lamina
propria was 0.7 and 1.2% in controls, 6.9 and 6.8% in UC
grade 1, and 14.6 and 14.8% in UC grade 2/3. For
MCP-1, the global value from the Kruskall-Wallis test was
14.38 (P , 0.01); for MCP-3, the value was 15.80 (P ,
0.01). For both chemokines the values were significantly
higher in UC grade 2/3 than in UC grade 1 and controls
(P , 0.01), but the differences between UC grade 1 and
controls were not statistically significant (Figure 2).

Immunohistological staining of serial sections for che-
mokines, macrophages, neutrophils, and T lymphocytes
indicated that the mononuclear cells were the major
source of the chemokine. In particular, IP-10 and, to a
lesser extent, IL-8 were also associated with CD3-posi-
tive cell areas. IL-8 expression was occasionally ob-
served in endothelial cells of UC grade 2/3, but no che-
mokine was detected in epithelial cells.

Table 2. Image Analysis of CD68-, CD3-, and Neutrophil Elastase-Positive Cells in the Mucosa of Ulcerative Colitis and Control
Biopsies

Positivity Area analyzed (mm2)*
Number of cells

analyzed* Cells/mm2 3 1024
Percentage of
positive cells

CD68
Control 110310 (61822–250834) 456 (237–1031) 42 61.8
Grade 1 75994 (45512–178684) 397 (243–750) 53 56.6
Grade 2/3 126678 (59637–202788) 737 (247–1315) 57 48.2

CD3
Control 75906 (63865–85853) 312 (270–351) 41 27.6
Grade 1 88346 (42521–176411) 378 (233–743) 51 36.3
Grade 2/3 98813 (55233–130430) 565 (234–796) 57 28.5

Elastase
Control 108363 (56663–264906) 435 (238–1067) 40 0.2
Grade 1 69967 (43462–97240) 357 (240–513) 52 0.3
Grade 2/3 93211 (60494–124122) 542 (258–930) 57 16.4

*Mean value (range).
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Discussion

We have analyzed the expression of five chemokines in
the lamina propria of colonic biopsies taken from patients
with UC and have found that their expression increases
with disease activity. The chemokines were chosen be-
cause they are frequently present in inflamed tissues and
are known to attract different types of leukocytes that are
found in the lesions. IL-8 is the major attractant and
activator of neutrophils.20–22 IP-10 selectively attracts ac-

tivated T lymphocytes, which are the only inflammatory
cells expressing the chemokine receptor CXCR3.23

MCP-1, MCP-3, and MIP-1a attract monocytes and acti-
vated lymphocytes via different receptors, CCR1, CCR2,
and CCR5.24–28

Several papers have reported chemokine expression
in chronic inflammatory diseases of the colon. They
showed that chemokines acting on neutrophils and
mononuclear cells are found most frequently in UC and
Crohn’s disease, but value of the data was limited by the

Figure 1. Micrograph of serial sections from a representative UC colonic mucosa stained for IP-10, IL-8, MCP-1, and MCP-3. Higher magnification of
chemokine-positive cells are shown in the insets. Original magnifications, 320 (IP-10 and IL-8) and 340 (MCP-1 and MCP-3).
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small number of patients and the lack of quantitative
evaluation of the chemokines expressed and the inflam-
matory cells present.29

In addition, most studies were performed with tissue
samples obtained by resection from patients with end-
stage disease. We have studied a large population of UC
patients who were treated only with 5-aminosalicylic acid
or Sulfasalazine. All samples were obtained by endos-
copy in the first days of disease relapse, thus ensuring a
careful staging and homogeneity of the groups. In addi-
tion to the chemokines analyzed previously, we have
included IP-10, a selective attractant of activated T lym-
phocytes,23 and MCP-3, a powerful CC chemokine that
acts on monocytes, activated T lymphocytes, eosino-
phils, and basophils.30–34

By analyzing the cells infiltrating the lamina propria we
found that IL-8, MCP-1, and MCP-3, which are barely
detectable in normal tissue, are significantly increased
not only in active but also in clinically inactive disease. A
correlation of IL-8 expression and number of positive
cells with the histological stage of the disease was for-
merly reported for samples obtained by surgical resec-
tion.6,8 In addition, IL-8 was detected in homogenates of
surgery samples from UC patients with different degrees
of inflammation.9 Higher expression of MCP-1 was also
reported and suggested to derive mainly from cells of the
lamina propria and the epithelia.12,14 Data on the expres-
sion of MCP-1 by epithelial cells are, however, contradic-
tory.13 In the present study epithelial cells were always
negative, although it was shown previously that freshly
isolated epithelial cells can produce IL-8 and MCP-
1.35–37 The expression of MCP-1 and MCP-3 was virtually
identical in terms of the number of positive cells and their
distribution. Although always considerably lower than
that of IP-10 and IL-8, the expression of both MCPs was

always significantly enhanced in mucosal samples from
patients with severe disease.

In control biopsies few leukocytes were observed and
positivity for IL-8, MCP-1, or MCP-3 was extremely rare.
The high percentage of IP-10-positive cells observed in
controls suggests that in contrast to IL-8, MCP-1, and
MCP-3, IP-10 is normally expressed by some resident
cells. IP-10 may be involved in the recruitment of acti-
vated lymphocytes into the normal mucosa. It is interest-
ing, however, that in active UC, IP-10 expression was
always up-regulated to a greater extent than that of other
chemokines.
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