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Abstract

AIM: The role of the appendix has been highlighted in the
pathogenesis of ulcerative colitis (UC). The aims of this
study were to elucidate the immuno-imbalances in the
appendix of UC patients, and to clarify the role of the
appendix in the development of UC.

METHODS: Colonoscopic biopsy specimens of the
appendix, transverse colon, and rectum were obtained
from 86 patients with UC: active pancolitis (A-Pan; n = 15),
active left-sided colitis (A-Lt; n= 25), A-Lt with appendiceal
involvement (A-Lt/Ap; n = 10), inactive pancolitis (I-Pan;
n = 14), and inactive left-sided colitis (I-Lt; n = 22),
and from controls. In the isolated mucosal T cells, the
CD4/CDS8 ratio and proportion of activated CD4+ T cells
were investigated, and compared with controls.

RESULTS: In the appendix, the CD4/CD8 ratio significantly
increased in A-Lt and A-Lt/Ap. The ratio in the appendix
also tended to increase in A-Pan. In the rectum, the ratio
significantly increased in all UC groups. In the appendix,
the proportion of CD4+CD69+ (early activation antigen)
T cells significantly increased in all UC groups. In the
rectum, the proportion of CD4+CD69+ T cells significantly
increased only in A-Pan. The proportion of CD4+HLA-
DR+ (mature activation antigen) T cells significantly
increased only in the rectum of A-Pan, but not in the other

areas of any groups.

CONCLUSION: The increased CD4/CD8 ratio and
predominant infiltration of CD4+CD69+ T cells in the
appendix suggest that the appendix is a priming site in
the development of UC.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Although the triggering factor for ulcerative colitis (UC) is
still unknown, cytokine imbalance and the production of
inflammatory mediators by activated CD4+ T cells play an
important role in the pathogenesis of UC. T helper type 2
cells and their cytokines, particularly interleukin (IL)-4, have
been suggested to enhance the development of UCH.
Recently, regulatory T cells, characterized by the expression
of cell surface markers CD4 and CD25, have been shown
to actively suppress immune responses, and lack of
regulatory T cells leads to organ-specific autoimmunity.
On the other hand, a sub-population of CD8+ T cells also
suppresses the response of activated CD4+ T cells and B
cells through an interaction that depends on expression of
the major histocompatibility complex class Ib molecule Qa-1,
the mouse homolog of human leukocyte antigen (HLA)-EF..
However, the precise role of these regulatory T cells in UC
remains unclear.

Although human appendix is considered as a vestigial
remnant®, recent observations have focused attention on
the role of the appendix in the pathogenesis of UC. Many
case-control studies suggest that previous appendectomy is
rare in UC patientsP”), raising the possibility that appendectomy
protects against the subsequent development of UCF'.
Patients with previous appendectomy also have a delayed
onset of UCP”, a reduced need for immunosuppression
therapy and proctocolectomy™', and a reduced relapse rate
and extent of UCIM. Appendectomy in T-cell receptor
(TCR)-a deficient mice suppresses the development of
experimental colitis!?. Moreover, we first reported a patient
with improvement of left-sided UC after appendectomy!?.
Although these findings support that the appendix may be
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related to the pathogenesis of UC, the immunological role
of human appendix is unknown.

Extensive infiltration of lymphocytes, especially CD4+
T cells™ has been observed in the inflamed mucosa of
UC patients!". Activated CD4+ T cells exhibit increased
cytotoxic activity!"” and sectete cytokines that enhance the
inflammatory state resulting in tissue injury!'”'®. Several
studies concerning T-cell subsets in the resected appendix
have been petformed previously!", but very few have
focused on the activation status of the immune cells in the
appendix as well as in the uninflamed mucosa. In this study,
we investigated the CD4/CD8 ratio and propottion of
activated CD4+ T cells in the inflamed and uninflamed
colonic mucosa, especially in the appendiceal mucosa, of
UC patients in order to clarify the role of the appendix in
the development of UC.

MATERIALS AND METHODS
Subjects

UC patients with toxic megacolon, coexistence of known
cancer, complication of extra-intestinal disease, past colectomy,
poor general condition, and no consent to participate in the
study were excluded. A total of 86 patients with UC and 27
control subjects were subsequently enrolled in the study.
Informed consent to participate in this study was obtained
from each patient. The diagnosis of UC was based on the
established clinical, endoscopic, histological, and/or
radiological criteria). Patients with no malignant or
inflammatory colonic disorders, including adenomatous
polyps (# = 8), diverticular disease (# = 6), non-specific
abdominal pain (# = 5), family history of colorectal cancer
(n = 4), and chronic constipation (# = 4) served as the
control subjects. Patients receiving non-steroidal anti-
inflammatory drugs or immuno-regulatory drugs, such as
corticosteroids and azathioprine were excluded from
controls. There was no history of appendectomy both in
the patients and controls.

Scoring system of disease activity

The disease activity was evaluated based on the endoscopic
findings according to the scoring system as reported
ptreviously?: grade 0, normal vascular pattern; grade 1,
erythema with loss of vascular pattern; grade 2, grade 1
plus contact bleeding; grade 3, grade 1 plus spontaneous
bleeding; and grade 4, grade 1 plus obvious ulceration. We
defined the grades 0 and 1 as inactive disease, and the other
grades as active disease. The disease extent was also classified
endoscopically into three subgroups: pancolitis and left-sided
colitis (involvement up to the splenic flexure) with and
without appendiceal involvement (skipped erosions in the
appendiceal orifice).

Disease activity and patients

A total of 86 patients with UC were divided into six groups
according to the activity and extent of the disease: active
pancolitis (A-Pan; # = 15), active left-sided colitis without
appendiceal involvement (A-Lt; # = 25), active left-sided
colitis with appendiceal involvement (A-Lt/Ap; » = 10),
inactive pancolitis (I-Pan; # = 14), inactive left-sided colitis

without appendiceal involvement (I-Lt; #» = 22), and inactive
left-sided colitis with appendiceal involvement (I-Lt/Ap;
n = 0). Because the inflamed mucosa in the appendiceal
orifice may be restructured by the normal mucosa after
treatment, there wete no patients with I-Lt/Ap. The
characteristics of each group are summarized in Table 1.
There was no significant difference in sex (the % test or
Fisher’s exact test) and age (Student’s ~test) among groups.

At the time of the study, 27 patients with active UC and
3 patients with inactive UC had received no medications.
Twenty-five patients were treated with salazosulfapyridine
(SASP) (1 000-6 000 mg/d) only, 12 were treated with
mesalazine (5-ASA) (1 000-2 250 mg/d) only, 2 were treated
with prednisolone (PDN) (10 mg/d) only, 12 were treated
with PDN (5-20 mg/d) plus SASP (1 500-4 500 mg/d),
and 5 were treated with PDN (5-20 mg/d) plus 5-ASA
(1 000-2 250 mg/d).

Cellisolation

We obtained colonic mucosal samples from UC patients
and control subjects. At diagnostic or follow-up total
colonoscopy when the activity and extent of the disease
were evaluated, biopsy specimens from the appendix near
the appendiceal orifice, transverse colon, and rectum (four
specimens in each area) were obtained. We isolated mucosal
mononuclear cells from biopsy specimens, as previously
described®.. The initial viability of the cellular suspensions
exceeded 95% in all instances when estimated by the trypan
blue dye exclusion test. The viability was maintained at
>80% during the entire assay period.

Flow cytometric analysis

Mucosal mononuclear cells were analyzed by two-color or
three-color flow cytometry with the following mAbs: anti-
CD4-PE/anti-CD8-FITC (Coulter Immunology, Tokyo,
Japan), anti-CD45 (leukocyte common antigen)-PE-Cy5
(Immunotech, Cedex, France), anti-CD4-PE (Nichirei, Tokyo,
Japan), anti-CDG69 (early activation antigen)-FITC (Becton-
Dickinson, Tokyo, Japan), and anti-HLA-DR (mature
activation antigen)-FITC (Immunotech). The isolated cells
were incubated with antibodies at 4 ‘C for 30 min, and
washed thrice in FACS buffer (PBS, sodium azide 0.01%,
and bovine serum albumin 0.1%, Sigma, St. Louis, USA),
and applied for flow cytometry (EPICS XL system II,
Coulter Company).

We first analyzed the phenotyped cells by two-color flow
cytometry. After the cell suspensions were initially visualized
in the forward scatter/side scatter profile, lymphocyte
populations were gated to exclude monocytes. The proportion
of CD4+ and CD8+ T cells in the total lymphocyte
populations was expressed as CD4/CD8 ratio.

By three-color flow cytometry, we also analyzed the
activated CD4+ T cells. In the process of T cell activation,
CD69, CD25, CD71, and HLA-DR antigens are serially
expressed on the surface of T cells. To identify this process,
we investigated the expressions of CDG69 (eatly activation
antigen) and HLA-DR (mature activation antigen). After
the cell suspensions were visualized, lymphocyte populations
were gated as defined by CD45 (leukocyte common antigen)
expression. The proportion of CD4+CD69+ and CD4+HLA-
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Table 1 Characteristics of patients with ulcerative colitis and normal subjects

A-Pan A-Lt A-Lt/Ap I-Pan I-Lt Normal subjects

Number of patients 15 25 10 14 22 27
Sex (M/F) 7/8 13/12 6/4 9/5 11/11 15/12
Age (y7)

Mean 36.4 403 35.5 414 50.7 43.6

Range 11-69 22-76 18-64 17-78 23-73 16-65
Medications

None 7 11 9 1 2 27

SASP 2 7 0 5 11 0

5-ASA 2 5 1 1 3 0

PDN 1 0 0 0 1 0

SASP+PDN 3 2 0 3 4 0

5-ASA+PDN 0 0 0 4 1 0

A-Pan, active pancolitis; A-Lt, active left-sided colitis; A-Lt/ Ap, active left-sided colitis with appendiceal involvement; I-Pan, inactive pancolitis; I-Lt, inactive left-sided

colitis; PDN, prednisolone; SASP, salazosulfapyridine; 5-ASA, mesalazine.

Table 2 CD4/CD8 ratio in the colon (mean+SD)

A-Pan A-Lt A-Lt/Ap I-Pan I-Lt Controls
Rectum 2.3+2.0° 3.6x1.6" 4.9+2.2° 1.8+1.0° 2.442.0° 1.00.6
Transverse 1.5+0.7 1.1+0.4 1.8+0.4° 0.9+0.5 1.3+0.9 1.240.8
Appendix 3.2413 3.5+1.3 3.9+0.9° 2.9+19 2,614 2.6%1.1

2P<0.05, "P<0.01 vs controls. A-Pan, active pancolitis; A-Lt, active left-sided colitis; A-Lt/ Ap, active left-sided colitis with appendiceal involvement; I-Pan, inactive

pancolitis; I-Lt, inactive left-sided colitis.

DR+ T cells in the total lymphocyte populations was calculated.
Prior to the present study, we performed a pilot study
with immuno-flow cytometric analysis in UC patients (A-
Pan: » = 7 and A-Lt/Ap: » = 3), ascending colon cancer
patients (# = 5), and ascending colon diverticulitis patients
(7 = 5). The population of T cells, expressing CD4, CDS8,
CDG69, and HLA-DR antigens, in pre-operative biopsy
samples of the appendix near the appendiceal orifice and
in mucosal samples of resected appendix, was similar in
each patient. The results of the pilot study suggested that
the analysis of biopsy samples of the appendix near the
appendiceal orifice represented those of the appendix.

Statistical analysis

All values were expressed as mean®SD. The Student’s #
test for comparisons among groups was used for statistical
analysis. P<0.05 (two-tailed) was considered statistically
significant.

RESULTS

CD4/CD8 ratio in appendix

In the appendix, the CD4/CD8 ratio both in A-Lt (P = 0.0160)
and A-Lt/Ap (P = 0.0445) significantly increased compared
with that in controls (Table 2). Moreover, the CD4/CD8
ratio significantly increased both in A-Lt (P = 0.0452) and
A-Lt/Ap (P = 0.0445) compared with that in I-Lt. The ratio
in A-Pan tended to increase compared with that in controls
(P =10.1654) and in I-Pan (P = 0.6890). The ratio tended to
increase in A-Lt/Ap compared with thatin A-Lt (P = 0.7370).
Interestingly, as the CD4/CD8 ratio in the appendix
increased, the ratio in the rectum tended to increase,
suggesting that some relations might be present in the
immune responses between the appendix and the rectum.

CD4/CD8 ratio in transverse colon

In the normal appearance transverse colon of A-Lt/Ap,
the CD4/CD8 ratio significantly increased compated with
that in controls (P = 0.0374, Table 2). The ratio tended to
increase in A-Lt/ Ap compared with that in I-Lt (P = 0.3051).
The ratio significantly increased in A-Lt/Ap compared with
that in A-Lt (P = 0.0064), and in A-Pan compared with that
in I-Pan (P = 0.0442).

CD4/CDa ratio in rectum

In the rectum, the CD4/CDS ratio significantly increased
in all UC groups (A-Pan; P = 0.0102, A-Lt; P<0.0001, and
A-Lt/Ap; P<0.0001), even in I-Pan (P = 0.0109) and I-Lt
(P = 0.0046), compared with that in controls (Table 2). The
ratio also significantly increased both in A-Lt (P = 0.0343)
and A-Lt/Ap (P = 0.0236) compared with that in I-Lt. The
ratio tended to increase in A-Lt/Ap compared with that in
A-Lt (P = 0.14306), and in A-Pan compared with that in
I-Pan (P = 0.4682). These findings suggested that the
CD4/CD8 ratio might represent the inflammation degtee
in the mucosa.

Early activated T cells

In the appendix, the proportion of CD4+CD69+ (early
activation antigen) T cells significantly increased in all UC
groups (A-Pan; P = 0.0013, A-Lg P = 0.0042, and A-Lt/Ap;
P =0.0245), even in I-Pan (P<0.0001) and I-Lt (P = 0.0357),
compared with that in controls (Table 3), but there were no
significant differences among UC groups. In the transverse
colon, the proportion did not significantly increase in any
UC groups compared with that in controls. In the rectum,
the proportion significantly increased only in A-Pan (P=0.0497),

but not in the other groups, compared with that in controls.
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Table 3 Activated T cells in the colon (mean+SD, %)

A-Pan A-Lt A-Lt/Ap I-Pan I-Lt Controls
CD4+CD69+ T cells
Rectum 27.8+4.6° 23.245.0 24.047.6 24.5+6.2 28.248.6 23.1+4.1
Transverse 25.045.7 20.4+7.8 234443 21.5+7.3 22.146.2 21.049.1
Appendix 26.6%3.0° 28.047.0° 26.0+4.0° 28.943.9° 25.447.3° 19.6%4.1
CD4+HLA-DR+ Tcells
Rectum 15.246.2° 10.13.8 7.3+2.4 11.6%4.1 11.1%6.0 8.6+4.7
Transverse 13.245.0 7.9+4.0 9.1+4.9 14.96.7 9.5¢3.7 9.5+5.3
Appendix 8.9+2.4 9.9+4.1 9.9+2.4 12.642.8 10.9+4.3 8.8+3.6

2P<0.05, "P<0.01 vs controls. A-Pan, active pancolitis; A-Lt, active left-sided colitis; A-Lt/ Ap, active left-sided colitis with appendiceal involvement; I-Pan, inactive

pancolitis; I-Lt, inactive left-sided colitis.

Late activated T cells

The proportion of CD4+HLA-DR+ (mature activation
antigen) T cells in the rectum significantly increased only in
A-Pan compared with that in controls (P = 0.0299), while
the proportion of CD4+HLA-DR+ T cells in the appendix
did not significantly increase in any UC groups, compared
with that in controls (Table 3). The proportion in the
transverse colon also did not significantly increase in any
UC groups compared with that in controls.

Effects of drugs on CD4/CD8 ratio and activated T cells

To identify the effects of drug treatment on the profiles of
T cells, we analyzed the CD4/CD8 ratio and propottions
of CD4+CD69+ and CD4+HLA-DR+ T cells in active
UC patients with medication (A-Pan; » =8, and A-Lt; » = 14)
and those without medication (A-Pan; » = 7,and A-Lt; »=11).
Although the CD4/CDS8 ratio in the transverse colon of
A-Pan significantly increased in the patients without
medication compared with those with medication (P = 0.0300),
the other ratios and proportions were not significant between
the patients with medication and those without medication.
Our results were therefore not so influenced with medical

therapy.

DISCUSSION
Although the pathogenesis of UC has not been determined,

an abnormal mucosal immune response plays a major role
in the development and pathophysiology of UC#?Y, There
are few studies investigating the immune-regulatory cells in
the appendix of patients with UC, especially with left-sided
UC. Most studies have used cells isolated from colectomy
specimens involving the disease to detect local immune
abnormality®*!. Because colectomy is usually performed
in severe and refractory cases, mostly in pancolitis cases,
but not in other active or inactive cases after a period of
medical therapy, these studies may not cover the whole
spectrum of disease activity®!. We therefore used cells
isolated from colonoscopic biopsy specimens of UC patients
with a wide range of disease activity, but the appendiceal
mucosa is usually hard to obtain by biopsy. In this study,
biopsy specimens of the appendix near the appendiceal
orifice were used, instead of specimens of the appendix
itself, because our prior pilot study showed that the analysis
of biopsy samples of the appendix near the appendiceal
orifice represented those of the appendix.

Although CD4+ and CD8+ T cells contain counterpart
functions, such immuno-activation as helper/inducer T cells
and immuno-suppression as regulatory T cells, the CD4/CD8
ratio is one of the most reflective markers for immune
activation!**. In the present study, the CD4/CD8 ratio in
the appendix significantly increased both in A-Lt and A-Lt/Ap
compared with that in controls (Table 2). The ratio in the
appendix also tended to increase in A-Pan compared with
that in controls. Interestingly, as the CD4/CDS ratio in the
appendix increased, the ratio in the rectum tended to increase,
suggesting that some relationships might be present in the
immune responses between the appendix and the rectum.

In the normal appearance transverse colon of A-Lt/Ap,
the CD4/CD8 ratio significantly increased compared with
that in controls (Table 2). In the entire colon, the CD4/CD8
ratio tended to increase in A-Lt/Ap compared with that in
A-Lt, but it was significant only in the transverse colon.
Matsumoto e 2/, also reported that the histological
inflammation grade in the entre colon was higher in A-Lt/Ap
than that in A-Lt. The grade was significant both in the inflamed
appendiceal orifice (P<0.001) and in the uninflamed ascending
colon (P<0.05). The CD4/CDS8 ratio therefore may represent
the inflammation degree in the mucosa.

Even in the inactive UC groups, the CD4/CD8 ratio
significantly increased in the rectum compared with that in
controls. Most patients with inactive UC have low-grade
inflammation, and it is possible that symptomatic relapse
occurs only when the inflaimmatory process reaches a critical
intensity®®. Also, because inflammation is a continuous
process, direct assessment of the level of inflammatory
activity may provide a quantitative pre-symptomatic measure
of imminent clinical relapse of the disease™. In our study,
the increased CD4/CD8 ratio suggested that the significant
immuno-imbalance was persistent in the inactive rectum.
Because patients with inactive UC even receiving maintenance
therapy ate easy to relapse™), we suspect that the disease
can relapse when the immuno-imbalance is persistent in the
rectum.

Recent investigations including TCR-a deficient mice
colitis models suggest that non-pathogenic enteric bacterial
flora may be involved in the induction of colitis!'**%.
However, it is unclear which part of the colon is involved
in priming luminal antigens as the inductive site. To identify
the priming site, we compared early- and late-activated
CD4+ T cells with CDG9 as an early activation antigen and
HLA-DR as a late activation antigen, respectively. In the
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appendix, the propottion of CD4+CDG69+ T cells significantly
increased in all UC groups, even in the inactive UC groups,
compared with that in controls (Table 3). In the transverse
colon, the proportion did not significantly increase in any
UC groups compared with that in controls. In the rectum,
the proportion significantly increased only in A-Pan, but
not in the other groups, compared with that in controls.
The proportion of CD4+HLA-DR+ T cells significantly
increased only in the rectum of A-Pan, but not in the other
areas of any groups compared with that in controls (Table 3).
These findings suggest that the appendix may be a priming
site in the development of UC. In A-Pan, the CD4/CD8
ratio tended to increase in all areas compared with that in
controls, but it was significant only in the rectum (Table 2),
where the proportions of CD4+CDG69+ and CD4+HLA-
DR+ T cells significantly increased compared with those in
controls (Table 3). The findings suggest that the appendix
may not play a major role in extended colitis.

In TCR-a-deficient mice, the pathological T cells are
initially concentrated in the appendix®!. Mucosal TCR-af3+
T cells, including CD4+ T cells, in IL-2-deficient mice appear
in the colon ptior to the manifestation of colitis"”. An increase
of identical T cell clones involved in the development of
inflammation is detectable in the uninflamed appendix and
the inflamed colon of UC patients as well as in TCR-a.-
deficient micel**!, Therefore, the increased CD4+CDG69+
T cells indicate that CD4+ T cells may be initially activated
in the appendix, and may re-circulate to the entire colon
and rectum (increased CD4/CD8) priot to the manifestation
of UC, and inflammation originating from the rectum
extends to the entire colon. The reason why the inflammation
begins in the rectum is unknown.

We first reported the improvement of UC (A-Lt/Ap)
without medication during the 3 years after appendectomy
in a young patient (21-year-old), and proposed that
appendectomy may have a place as a therapeutic strategy in
UC patients!". Ja”rnerot ez a/PY, also performed laparoscopic
appendectomy in six patients with refractory UC (two A-
Pan and four A-Lt), and found that one young patient
(26-years old) was in remission with continued maintenance
treatment, but five patients (mean age: 50.8 years, range:
44-56 years) had relapse of the disease. Histological analysis
of the resected appendix showed mucosal erosions and
moderate infiltrations of CD4+ T cells in our patient!'?,
but did not show any inflammation in all patients as reported
by Ja”rnerot ez al.PY. They concluded that appendectomy
does not influence the course of established UC in a
consistent way, which supports our results in this study. Eri
et alP?, also reported the clinical course of six patients (mean
age: 30.5 years) with refractory UC (five A-Lt and one A-
Lt/Ap) after laparoscopic appendectomy, and found that
five patients were in complete clinical remission, and one
patient had improved. Histological analysis of the resected
appendix showed colitis-type inflammation (ulcerative
appendicitis), containing a highly activated lymphocyte
population, in the five patients. Recently, Jo ¢z 4/, reported
the clinical course of nine patients (mean age; 32.5 years,
range; 13-48 years) with mildly activated UC (four A-Pan
and five A-Lt) after appendectomy, and found that two A-
Lt patients with ulcerative appendicitis had improved, but

the disease remained active in the other patients (three A-
Lt without ulcerative appendicitis and four A-Pan). Hallas
et alP%), reported the nationwide study with complete follow-
up of 202 patients (mean age; 43.3 years) with UC who
underwent appendectomy after their onset of UC, and
concluded that appendectomy has no beneficial effect on
admission rates in UC patients. Although appendectomy is
associated with a low risk for subsequent UC only in young
patients!'*!***3] especially before the age of 20 years, no
stratification of data for any age had been performed®®.
Later, Hallas ez /P, supported that appendectomy would
be useful against UC in young subjects by analyzing those
who underwent appendectomy before the age of 30 years.
These findings and our results indicate that appendectomy
may be performed in young UC patients with ulcerative
appendicitis.

In conclusion, our study suggests that the CD4/CD8
ratio represents the inflimmation degree in the mucosa.
Appendectomy may be a benefit therapy in young UC
patients with ulcerative appendicitis. Apart from the rectum,
the appendix is a priming site in the development of UC,
and should no longer be considered as an evolutionary
redundancy. Further studies including analysis of CD4+
and CD8+ T cells are necessary to clarify the role of the
appendix in the pathogenesis of UC.
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