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Abstract

Severe combined immunodeficiency (SCID) mice transplanted with CD4+ T cells depleted of CD25+ regulatory
T cells develop colitis within 2-3 weeks after the T cell transfer. In the present study we studied the effect of the
carcinogen azoxymethane (AOM) on the colon crypt pathology of normal SCID mice and SCID mice with transfer
colitis. AOM itself did not result in neither weight loss nor inflammation although treatment affected crypt widths and
numbers. Although AOM together with T cell transfer did not increase the level of gut inflammation including COX-2
expression, AOM increased crypt changes associated with colon inflammation such as a decline in crypt numbers
and an increase in crypts width throughout the large intestine. Thus it appears that AOM lower the threshold level
for inflammation-induced changes which potentially may lead to neoplasia.
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Introduction

It is generally accepted that chronic inflammation play an
important role in development of neoplasia and some cellular and
molecular mechanisms responsible for transition to neoplasia have
been elucidated [1-5]. Around 20% of human cancers may be caused
by chronic inflammation including gastric ulcer (helicobacter pylori),
cervix carcinoma (human papilloma virus), chronic hepatitis (hepatitis
virus B and C) and chronic parasite infections (leismania mansoni)
[6]. In humans, inflammatory bowel diseases (IBD, ulcerative colitis
and Crohn’s disease) are uncontrolled immune reactivity against
the intestinal micro flora which is the driving force for these chronic
inflammations and chronic inflammation per se may increase the risk
for colorectal carcinoma [7-9].

In the present work we have employed a mouse model for
chronic inflammation the so called T cell transfer colitis [10-12].
This form of colitis has in contrast to chemically and dextran sulfate
(DS) induced colitis many resemblances to IBD in humans at the
immunopathological as well as at the molecular level [13]. The
carcinogenic agent azoxymethane (AOM) has been used because the
resulting carcinogenesis shows certain similarities with spontaneously
arising colorectal carcinoma in humans [14]. However, in order to
initiate colon carcinoma with single doses of AOM, the colon needs an
inflammatory stimulus causing chronic inflammation [15,16]. In the
present work, colitis was induced in SCID mice by transfer of CD4+
T cell depleted of T reg cells [11,12,17] and AOM was supplied as two
single doses within the first week after T cell transfer. This treatment
scenario mimics the human conditions where patients with IBD
subsequently may be exposed to genotoxic agents in the diet causing
DNA damage eventually leading to colorectal cancer.

Materials and Methods

Induction of colitis

Six-week-old female SCID mice and BALB/c mice were purchased
from Bombholtgaard, Ry, Denmark. SCID mice are homozygous for
the scid mutation, and lack mature T and B lymphocytes. Mice were
kept in a controlled microbial environment in individually ventilated
cages with 8 mice per cage at the Department of Experimental

Medicine at the Panum Institute. The animal studies were approved
by the Danish National Committee for Animal Studies. The mice were
nourished throughout the study with water and lab chow (no. 1314,
Altromin, Lage, Germany) ad libitum. Mice were randomized into
four groups; TRANS, TRANS/AOM, AOM and CONTROL. Colitis
was induced in the TRANS and the TRANS/AOM group of SCID
mice by transplantation of CD4+CD25- T cells (devoid of T regs)
from the mesenteric lymph nodes of normal BALB/c mice as described
previously [11,12,17]. In brief, CD4" T cells were isolated directly from
single cell suspensions of with anti-CD4 Dynabeads and Detach-a-
Bead (Dynal A/S, Norway) according to the manufacture’s protocol.
The isolated CD4" T cells were then depleted of CD25+ T and 300,000
cells were injected i.p. The AOM and CONTROL group received a
saline injection i.p. The day after transplantation the TRANS/AOM and
the AOM group received an injection i.p. with azoxymethane 5 mg/kg
body weight. This was repeated at day 7. The TRANS and CONTROL
group received a saline injection i.p. AOM at single doses of 10 mg/
kg body weight used in previous work [15,16], proved to be toxic and
killed most of our 6 week old recipient SCID mice within 24 hrs after
injection.

All animals were monitored daily for signs of intestinal dysfunction
such as cachexia, diarrhea, bloody stools, piloerection and rectal
prolapsed, and body weight were recorded every second day. At 25,
39 and 53 days after transplantation 3-4 mice from each group were
anaesthetized with ketamine/xylazine 100/10 mg/kg i.p. (Pharmacy
Service, LIFE, University of Copenhagen, Denmark), the animals were
weighed and the abdomens were opened. To smooth the mucosal folds,
the colon was primarily fixed for 3-5 minutes in situ by intra-rectal
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infusion of 4% paraformaldehyde. The colon was then removed, cut
open, pinned to a polyethylene plate and stored for an additional 24
hours in paraformaldehyde and thereafter in 70% ethanol until analysis.

Macroscopic analysis of the colon

The colon specimens were stained as whole mounts with 0.2%
methylene blue for 1 minute according to Bird et al. [18] and examined
under a stereomicroscope (Bresser Advance ICD, Meade Instruments
Europe, Rhede, Germany). Pictures covering 0.5 cm? the luminal
surface were taken every 2 cm starting from the ileocecal junction
(Bresser MicroCam 3.0, Meade Instruments Europe, Rhede, Germany)
and analyzed with the ImagePro software program. (ImagePro 7.0
software Media Cybernetics, Inc. Bethesda, MD, USA). We examined
the number of crypts per mm?, by counting crypt number in a grid of
1 mm?, four times in each picture. We estimated the crypt width by
measuring approximately 100 random crypts in each picture.

After pictures were taken, we cut out specimens of 2 mm?in the
rectum and mid colon. To visualize an eventually mucin-depletion and
small adenomas the colons were stained using the High Iron Diamine-
Alcian High Iron Diamine-Alcian Blue (HID-AB) procedure described
in [19].

Histology and immunohistochemistry

Tissue was embedded in paraffin and cut into 5 pm sections, and
stained with hematoxylin/PAS.

Histopathology scoring was performed blindly according to
previously published criteria [10-12]: Mild colitis: crypt enlargement,
increased mononuclear cell infiltration in the colonic lamina propria
(score 1); moderate colitis: enlargement of crypts with increased
mitotic activity and goblet cell attenuation besides mononuclear cell
infiltration (score 2-3); severe colitis: infiltration of lamina propria and
submucosa with mononuclear and polymorphonuclear cells, crypt
hyperproliferation and destruction (score 4-5). In the histological
sections from mid colon and rectum crypt depth was measured using
the Image Pro software (Media Cybernetics, Inc. Bethesda, MD, USA).

For immunhistochemistry [20] antigen retrieval was performed by
heating the sections for 15 minutes in a microwave oven (750 W) in
citrate buffer pH 6.0. The sections were then incubated for 10 minutes
in 2% bovine serum albumin, followed by overnight incubation
with anti human COX 2 monoclonal antibody (Clone SP21, Nordic
Biosite, Denmark) diluted 1:200. For detection and visualization
of the immunoreactions the sections were incubated for 40 minutes
with biotinylated goat anti-rabbit IgG (Vector BA-1000) diluted 1:200
(Vector Laboratories, Burlingame, CA) followed by StreptABComplex/
horseradish peroxidase (Vectastain ABC kit, Vector Laboratories,
Burlingame, CA). Finally the reaction was developed by the use of 3,3 -
diaminobenzidine (KEM-EN-TEC, cat.no. 4170) for 15 min., followed
by 2 min. incubation in 0.5% Copper sulphate (Merck art.no. 2790)
diluted in Tris buffer containing 0.05% Tween. Counterstaining was
performed with Mayers Hemalun.

Presence of COX-2 immuno-positive crypt cells was counted
manually.

Statistic analysis

All results are shown as means + SEM. Comparison between the
four groups was performed with Two-way ANOVA, followed by
comparisons of the each group using Bonferroni’s Test. All analyses
were performed using GraphPad Prism version 5.01

Results
Body weights

Figure 1 shows the changes in body weights after AOM
treatment, after transfer of CD4+CD25- T cells, and after AOM
treatment combined with transfer of CD4+CD25- T cells (AOM,
TRANS,TRANS/AOM groups). The figure shows body weights of
mice throughout the experimental period (Figure 1A). Although all
transplanted mice showed clinical (and histopathological) signs of
colitis such as sticky feces, diarrhea and inflammation (see below) from
day 25 onwards, the body weight of the transplanted group first started
to deviate from the non-transplanted-AOM treated group during the
last 10 days of the experimental period. From day 7 to 39 the TRANS/
AOM group showed more severe body weight loss than mice in the
TRANS group (p<0.001; ANOVA two-sided test). However, from day
42 onwards the body weights were identical in these two groups of
mice. AOM treatment alone did not lead to loss of body weight when
compared with the weights of 6 weeks old healthy SCID mice tested
in two separate experiments (Figure 1 B). At day 25, 39 and 53 groups
of individual mice were sacrificed and the large intestine removed for
mucosa examinations.

Qualitative assessment of the luminal colon surface

The luminal surface of the untreated SCID mice appeared normal,
with no objective changes from what we usually see in normal BALB/c
mice. Colon surface from AOM treated mice also showed a near
normal surface, with normal crypts, but with a few aberrant crypts or
aberrant crypts foci (ACF) as visualized in Figure 2G.

The number of ACF varied from 4 to 16 and there was a tendency
to an increase with time after AOM injection, but this did not reach
statistical difference (results not shown). When we looked at the
intestine from the TRANS and the TRANS/AOM group we found a
severely inflamed surface. The crypts were enlarged and stained darker
with methylene blue. There were fewer crypts, with space in between.
Comparing these with the AOM group it appeared if all the crypts were
aberrant, and none of the crypts were normal size. We also found areas
with total crypt loss and crypt disruption, and several small ulcerations.
Objectively the colons from the AOM/TRANS grouped appeared to
have larger and fewer crypts than the colons from the TRANS group;
therefore we counted the number of crypts/mm?* and measured the
crypt width.

To investigate if these changes were due to a depletion of mucin we
stained the intestine with HID-AB, which stains the sulphomucins and
sialomucins. We did not find any areas with total mucin depletion, in
any of the groups, so this staining did not gain any new information.

Crypt widths and numbers

Mounted parformaldehyde fixed whole large intestine preparations
were stained with methylene blue and the crypt surface morphology
was examined in a stereomicroscope (Figure 2). The AOM and control
groups show similar (normal) crypt morphology whereas the majority
of the crypts of the TRANS and TRANS/AOM groups show much
larger crypt widths than the two former groups. On the basis of surface
microscopy, the number of crypts and crypt widths throughout the
large intestine were evaluated; origins of the colons were blinded for
the investigator.

The changes in crypt numbers per mm? large intestine in SCID
mice 25, 39 and 53 days after T-cell transfer are shown in Figure 3A-3F.
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Figure1: Normalized body weight change in all mice, four mice from each group was euthanized at day 25, 39 and 53 (A). Normalized body weight changes over time

for healthy young adult SCID mice (B).

Figure 2: Examples of crypt widths of individual colons from the TRANS. TRANS/AOM, AOM and control groups. Note that the AOM and control groups show similar
crypt morphology whereas the majority of the crypts of the TRANS and TRANS/AOM groups show much larger crypt widths than the two former groups. Occasionally,
aberrant crypt foci (ACF) were observed in AOM treated mice (arrow). Many crypts in the TRANS and TRANS/AOM remind of ACF (arrow heads).

The large intestine was examined from the ileocecal junction (prox)
to the anus at intervals of 2 cm. At the three post transplantation
time intervals, A,B and C respectively, the TRANS and the TRANS/
AOM groups showed the same significantly lower numbers of crypt/
mm? compared with the AOM and the control group, respectively. In
addition, the AOM group showed significantly fewer crypts than the
control group at 53 days post T cell transfer. Figure 3 D-F shows the
total numbers of crypts in the large intestine of the four groups of mice
at the three time intervals of observation. As above, the TRANS and
the TRANS/AOM groups showed very significant decreased numbers
of crypts compared with the control group. Also, the TRANS/AOM at
38 and 53 days post T cell transfer showed significantly fewer crypts
compared with the TRANS group. At all time intervals the control

group tended to have higher crypt numbers than the AOM group (see
statistics in the figure legends).

Figure 4A-4F shows the quantitative changes in the crypt width
for the TRANS, TRANS/AOM, AOM and control groups, respectively,
throughout the large intestine and as a function of time after T cell
transfer. The TRANS and TRANS/AOM showed increased crypt width
compared with the AOM and the control groups. Particularly in the
distal colon at 25 and 53 days after T cell transfer the TRANS/AOM
group showed increased crypt widths compared with the three other
groups. Figure 4D-4F shows crypt widths for the entire large intestine
of the four groups of mice at the three time intervals of observation. At
all time intervals, the TRANS and the TRANS/AOM groups showed
increased crypt widths compared with the AOM and the control
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Figure 3: Changes in crypt numbers per mm? large intestine in SCID mice at 25 (A,D), 39 (B,E) and 53 (C,F) days after T cell transfer. The large intestine was examined
from the ileocecal junction (prox) to the anus at intervals of 2 cm. A,B,C: TRANS < CONTROL, p<0.01; TRANS/AOM < AOM and CONTROL, p<0.01. C: CONTROL > AOM,
p<0.05; D,E,F: TRANS and TRANS/AOM< AOM and CONTROL, p<0.01;A OM < AOM and CONTROL, p<0.01;E: TRANS/AOM < TRANS, p<0.05.

Figure 4: Crypt widths in the large intestine in SCID mice at 25 (A,D), 39 (B,E) and 53 (C,F) days after T cell transfer. The large intestine was examined from the
ileocecal junction (prox) to the anus at intervals of 2 cm. A,B,C: TRANS and TRANS/AOM < CONTROL, p<0.01; B: TRANS/AOM < TRANS, p<0.05; B,C: AOM <
CONTROL, p<0.05. D,E,F: TRANS and TRANS/AOM > CONTROL, p<0.01; TRANS/AOM > TRANS, p<0.01. D: AOM > CONTROL, p<0.05.

groups. The TRANS/AOM group in showed crypt widths significantly
above those of the TRANS group (see statistics in the figure legends).

Thus AOM treatment with or without colitis reduced the total
numbers of colonic crypts and lead to an overall increased crypt width.

Colitis score and crypt depth

Individual samples from mid colon and rectum were scored for
crypt depth, signs of crypt degeneration, crypt abscesses, cellular
infiltration in sub-epithelial and sub-mucosal layers and the occurrence
of ulcers. The colitis scores (mean score from rectum and mid colon)
are depicted in Figure 5A. Neither control mice nor the AOM group

showed signs of inflammation. The TRANS and the TRANS/AOM
groups showed comparable levels of inflammation throughout the
observation period. The crypt depth increased equally in the TRANS
and TRANS/AOM group compared to AOM and CONTROL (Figure
5B) as a sign of hyper-proliferation, but this was equal in the two groups.
Figure 5C shows the rectum histopathology of the four groups of mice.

COX-2 expression

Increased COX-2 activity, an enzyme responsible for the formation
of prostanoids, may be involved in the progression of colorectal cancer
[21]. Here we studied if the combination of colitis and AOM treatment
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changed the expression of COX-2 in the colon epithelium. Counting
the number of colon crypts being positive for COX-2 immunostaining
showed that none of the crypts in mice from the AOM or CONTROL
groups were positive. In contrast, mice from the TRANS and TRANS/
AOM groups having a colitis score above 2.5 had 50-95% COX-2
positive crypts regardless of treatment. Thus colitis per se is associated
with significant epithelial expression of COX-2 which is not affected by
simultaneous AOM treatment (Figure 6).

Discussion

Crypts with an abnormal morphology in colon and rectum such
as aberrant crypt foci (ACF) and mucin depleted foci (MDF) are
considered to be pre-malignant lesions identified in carcinogen treated
rodents and humans [22,23]. In the present work we studied if the
carcinogen AOM influenced the morphology and numbers of crypts
in the large intestine of SCID mice in the course of T cell transfer

colitis. Colitis was induced in SCID mice by transfer of T reg depleted
CD4+CD25- T cells [11,12,17].

Surprisingly, the early change in body weights after transfer of
CD4+CD25- T cells [10-12] did not occur in the present experiment
although the mice showed clinical and histopathological signs of colitis
from day 25 onwards. This might be due to the strictly controlled
microbial environment in our new animal facility with individually
ventilated cages (see M&M section). However, SCID mice receiving
both AOM and T cell transfer showed an initial weight loss, which
might reflect the toxic effect of AOM (see below). In contrast, mice
treated with AOM alone gained weight at a rate comparable with
that of normal 6 weeks old SCID mice. Thus it appears that it is the
combined effect of colitis-inducing T cells and AOM which increases
the toxicity of the latter agent.

Because SCID mice suffer from a genetic defect of the gene

Figure 5: Colitis score values from SCID mice at day 25, 39 and 53 after transplantation showing colitis score for the TRANS, TRANS/AOM, AOM groups and a non-
treated control group. Although some fluctuations in colitis score appeared for the TRANS and the TRANS/AOM groups during the period, these were not significant
for any particular day or treatment (A). Mean crypt depth in sections from mid colon and rectum. Crypts in the TRANS and TRANS/AOM group were hyper-proliferative
with a crypt depth more than two fold of crypts from a non-treated control group. No difference between TRANS and TRANS/AOM (B). Photographs showing similar
degrees of inflammation in the TRANS and TRANS/AOM groups and the absence of inflammation in AOM treated mice (C).

Figure 6: Examples of Cox-2 immunostaining in AOM (A), TRANS (B) and TRANS/AOM (C). No differences in number of positive crypts were found between AOM

and CONTROL or between TRANS and TRANS/AOM groups.
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encoding a catalytic subunit of DNA dependent protein kinase [24],
involved in transcription of the T cell receptor and immunoglobulin
genes [25], SCID mice are born without a functioning cellular and
humoral adaptive immune system [26]. Lack of adaptive immunity
may render SCID mice more susceptible to the effects of carcinogens as
indicated previously [27] showing that two weekly AOM treatments of
SCID mice already at 4 weeks resulted in development of a significant
higher number of ACF per colon compared with ACF development
in congenic normal CB-17 control mice treated with AOM. Six weeks
of AOM treatment resulted in occurrence of adenocarcinomas in
SCID mice already after 100 days, 20 days prior to the development of
carcinomas in the control mice [27]. In our material we did not observe
development of adenomas or adenocarcinomas neither in the AOM
nor in the TRANS/AOM groups. The dose of AOM, 5mg/kg body
weight injected ip. on two consecutive weeks, used in the present study,
is only 50% of the dose used by Ochiai et al. [27] and might explain
the less severe changes observed here compared with that study.
However, AOM at 10 mg/kg body weight proved to be toxic for our
six week old female SCID mice and killed most of the animals within
24 hrs after injection. Also, due to the devastating effect of colitis on
the general health of the mice, we had to terminate the experiments
after 53 days which is too early to expect neoplastic changes [16,27].
Occasionally, we observed occurrence of typical ACs or ACF after
AOM treatment (Figure 3G). The ACs induced by AOM alone were
few, darkly stained, were either solely or clustered in foci and were
different from the surrounding colonic crypts as described by Bird et
al. [18]. In the TRANS and TRANS/AOM groups all colonic crypts had
the characteristic changes of an ACs as described by Bird et al. [18] but
they were not clustered in foci. The crypts were significantly wider and
fewer per area than the crypts in the AOM and CONTROL groups. The
morphology of these crypts closely resembles but is not identical with
typical ACF. Typical ACF could not be localized in T cell transplanted
colitis SCID mice neither in non-AOM treated nor in AOM treated
mice. In the TRANS/AOM group, however, both crypt numbers and
crypt widths were more severely affected than those observed in the
TRANS group, suggesting that the characteristic changes of the colonic
crypts seen in T cell transfer colitis were exaggerated by treatment with
the carcinogen AOM.

AOM treatment combined with T cell transfer resulted in an
accelerated body weight loss compared with the TRANS group. Since
body weight loss in T cell transfer colitis correlates with the severity
of the disease, the inflammation in the TRANS/AOM group might
initially be more severe than in the TRANS group. However, colitis
score measurements including the level of COX-2 expression did not
differ between the TRANS and the TRANS/AOM groups.

It is generally accepted that crypt abnormalities such as ACF are
pre-cancerous lesions [28]. Although the crypt abnormalities in transfer
colitis did not develop into typical ACF the fact that a carcinogenic
agent such as AOM enhances the abnormal crypts, might suggest that,
likewise ACF, crypts with increased widths in colitis mice may reflect
putative pre-malignant changes.

Conclusion

Taken together our data demonstrate that CD4+CD25- T cell
transfer to SCID mice leads to gut inflammation associated with a
decreased number of crypts and an increased crypt width throughout
the large intestine. Whereas gut inflammation including COX-2
expression is unaffected by AOM treatment, colitis-induced crypt
changes are further increased in the presence of AOM treatment.

Likewise, AOM treatment alone results in minor although recognizable
crypt pathology. These data strongly suggest that carcinogens like
AOM, having only minor influence on early colon pathology by itself,
has an enhancing effect on the colon pathology at sites of T cell-induced
inflammation, which could be extrapolated to a possible enhancing
effects of environmental carcinogens on various inflammatory diseases.
We hypothesize that pathological changes such as an increased crypt
width and reduction in crypt numbers may be the first step leading to
aberrant crypt formation, a development which may precede neoplastic
lesions [22,28]. The present observations of carcinogen-induced early
changes in the inflammatory gut mucosa might thus reflect early stages
of lesions with a neoplastic potential.
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