1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

s NIH Public Access
Y,

Author Manuscript

Published in final edited form as:
Cancer Lett. 2009 January 18; 273(2): 225-232. doi:10.1016/j.canlet.2008.08.012.

Transgenic expression of Cyclooxygenase-2 in mouse intestine
epithelium is insufficient to initiate tumorigenesis but promotes
tumor progression

Mazin A. AI-SaIihi1*3, A. Terrece Pearmanl, Thao Doanl, Ethan C. Reichertl, Daniel W. .
Rosenberg4, Stephen M. Prescott1:2:5, Diana M. Stafforini1:2, and Matthew K. Topham1v213’

1 Huntsman Cancer Institute, University of Utah, Salt Lake City, UT 84112

2 Department of Internal Medicine, University of Utah, Salt Lake City, UT 84112

3 Department of Oncological Sciences, University of Utah, Salt Lake City, UT 84112

4 Center for Molecular Medicine, University of Connecticut Health Center, Farmington, CT 06030

Abstract

We generated mice expressing a COX-2 transgene in colon epithelium and found that they did not
develop spontaneous colon tumors. But when treated with azoxymethane, a colon carcinogen, COX-2
mice had a higher tumor load compared to wild type mice. There was no change in the number of
pre-neoplastic lesions, indicating that COX-2 does not affect tumor initiation. Tumors in the COX-2
transgenic mice had higher levels of phosphorylated epidermal growth factor receptor and Akt
compared to wild type mice. Collectively, our data indicate that COX-2 promotes colon tumor
progression, but not initiation, and it does so, in part, by activating EGFR and Akt signaling pathways.
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Introduction

Elevated levels of COX-2 are often found in human colorectal adenomas and adenocarcinomas.
COX-2 over-expression in colorectal cancer indicates a poor clinical prognosis and a generally
marginal response to conventional therapy [1-3]. While not normally detected in most tissues,
COX-2 is induced at sites of inflammation and neoplastic growth, and its expression levels
often surpass the levels of the other COX isoform, COX-1, leading to profound increases in
prostanoid secretion, particularly prostaglandin E; (PGE>) [3]. By binding to its receptors,
PGE, promotes cell proliferation and angiogenesis, indicating that its overproduction supports
tumor development [4,5]. As a major provider of PGE,, COX-2 over-expression likely
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contributes to tumorigenesis. Indeed, reducing COX-2 activity with selective inhibitors, or
deleting COX-2 or PGE, receptors, attenuated colon tumor formation in experimental mouse
models [5-9]. Collectively, these data indicate an important role for COX-2 in colorectal
tumorigenesis and have stimulated interest in COX-2 as a therapeutic target. Several
retrospective studies have shown that chronic administration of aspirin and other non-steroidal
anti-inflammatory drugs (NSAID) confers protection from polyp formation and colorectal
cancer in some populations [10-14]. However, NSAIDs that target both COX enzymes have
side effects that limit their potential as anti-tumor agents; specific COX-2 inhibitors also appear
to have limiting toxicities [15].

Given the importance of COX-2 in colorectal tumorigenesis, it is crucial to determine the
contribution of COX-2 to the various stages of tumor development and to understand the
signaling mechanisms that underlie its tumor promoting effects. We and others have shown
in vitro that PGE, transactivates EGFR [16-18], which is known to promote proliferation
[18-21], survival [22,23], migration [17,19,24], and angiogenesis [25]. Collectively, these data
led us to hypothesize that COX-2 might promote colorectal tumorigenesis by activating EGFR
signaling. To understand how COX-2 affects colon tumor development we generated mice that
expressed a human COX-2 transgene in colon epithelium. The mice did not spontaneously
develop colon tumors, even when fed a high fat diet, indicating that COX-2 is not sufficient to
initiate colon tumorigenesis. But when colon tumors were induced with azoxymethane (AOM),
COX-2 transgenic mice developed higher tumor loads. However, there was no change in the
number of pre-neoplastic aberrant crypt foci (ACF) indicating that transgenic expression of
COX-2 did not affect tumor initiation. Both EGFR and Akt were excessively phosphorylated
in the COX-2 transgenic mice compared to their wild-type littermates, indicating that EGFR
signaling contributes to tumor formation. Collectively, these data demonstrate that in the colon,
COX-2 promotes tumor progression, but not initiation, and that its activation of EGFR and Akt
signaling pathways likely contributes to its tumorigenic effects.

Materials and methods

Materials

Mice

AOM was purchased from Midwest Research Institute. The PGE, assay kit was from Cayman
Chemical (#514010). Antibodies to detect COX-2, EGFR, pEGFR Tyr1068, pEGFR Tyr992,
Akt, pAkt Serd73, and pAkt Thr308 were purchased from Cellular Signaling (#4842, #2232,
#2234, #2235, #4057, #3787, and #9266 respectively). COX-2 antibodies were also purchased
from Santa Cruz Biotechnologies (sc-1475). A third custom COX-2 antibody was kindly
provided by J. Maclouf, Lariboisiere Hospital, Federated Institute of Circulation-Lariboisiere,
Paris, France [26]. NeoMarkers provided anti-Ki67 antibodies (#RM-9106). MP Biomedicals
provided anti-actin antibodies (#691001).

All animal experiments were reviewed and approved by the University of Utah Institutional
Review Board. Equal numbers of male and female mice were used throughout the study; there
was no gender difference noted in collected data. Founder C57BI/6, A/J, and AKR/J were
purchased from Jackson Laboratories. To generate COX-2 transgenic mice, the cDNA
encoding human COX-2 (lacking expression of 3'UTR AU-rich elements to increase its levels
of expression [27]), were ligated to the FABPL promoter (released from pEPLFABP, a gift
from Jeff Gordon, Washington University, St Louis [28]) and to the SV40 intron/pA tail from
pcDNAL (Invitrogen). The product was inserted into pBluescript, and propagated in E. coli.
The resulting constructs were linearized and then injected into 129Sv/J blastocysts. Two
COX-2 founders were generated and then crossed to C57BI/6 mice. Of the two COX-2 founder
lines, we used the one expressing higher levels of COX-2 in the intestine epithelium. Progeny
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were then backcrossed six generations into AKR/J or A/J strains, which were then used for the
AOM studies.

Assay for COX-2 expression

The presence of the COX-2 transgene was determined by PCR amplification of genomic DNA
isolated from mouse tails using salt precipitation. Mice were sacrificed using CO, asphyxiation.
Two different tissue sample preparations were used for COX-2 immunoblot analyses of age-
matched mice. Whole tissue from mouse colons, kidneys, and livers were mechanically
homogenized in cell lysis buffer. Alternatively, longitudinally dissected colons were incubated
in PBS containing 3mM EDTA and 50uM DTT for 90 minutes at 4°C. The colons were then
washed once and vigorously shaken in ice-cold PBS 3-4 times to release intact crypts. Crypts
were centrifuged at 40xG for 10 minutes at 4°C. The pellets were reconstituted in ice-cold cell
lysis buffer and frozen (adapted from Whitehead et al. [29]). Protein content for both samples
was determined using the Pierce-BCA protein assay Kit. Lysates (50ug for the liver and kidney
tissue homogenates, 25ug for the colon tissue homogenate, and 15ug for the crypt isolates )
were separated by electrophoresis on 10% SDS-PAGE, transferred to PVDF membranes, and
immunoblotted for COX-2, according to the manufacturer’s instructions (Cellular Signaling).

PGE, assay

Crypts were isolated as described above, except that 90% of each sample was reconstituted in
37°C PBS instead of cell lysis buffer, and then incubated for 10 minutes in the absence and
presence of exogenous arachidonic acid (20 uM). After centrifugation (15,000xG, 10 min) we
quantified the levels of PGE; in the supernatants using an ELISA (Cayman Chemical). We
determined protein levels in the remaining 10% of each sample.

Tumor studies

Mice were divided into 4 groups according to treatment and genotype. Two groups, transgenic
and non-transgenic, were treated with AOM (10mg/kg), while two additional groups were
treated with saline as controls. Injections were administered once a week intraperitoneally,
starting at 6 weeks of age, for 6 weeks. Mice were allowed to reach 25 weeks of age before
being sacrificed [30].

Tissue harvesting and tumor assessment

When the animals reached 25 weeks of age, they were sacrificed using CO, asphyxiation. The
colon was dissected longitudinally and washed with ice-cold PBS. Colons were then fixed for
4 hours in 10% formalin in PBS, and then stored in 70% ethanol at 4°C. We washed the colons
with PBS, stained them using methylene blue, and then assessed ACF, number of crypts per
ACF, polyps, and number of tumors, with the aide of a dissecting microscope. The studies
were independently performed by two laboratory members who had no knowledge of the
genotype and/or type of treatment (saline or AOM) to which each mouse had been subjected.
Each tumor was photographed, the largest and smallest diameters were recorded, and tumor
volumes were calculated according to the equation (Volume (mm3) = /6 x Largest diameter
x Smallest diameter?). Tumor load was calculated by summing all measured tumor volumes
in a mouse.

Statistical Analysis

Data was analyzed using the Microsoft Excel statistical package. A two tail homoscedastic or
heteroscedastic unpaired Student’s t-Test was used, p-value of less than 0.05 was considered
statistically significant.
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Immunohistochemistry

Results

Tumor and surrounding normal tissue from AOM-treated 25 week-old matched mice were
fixed and paraffin-embedded. Five-micrometer-thick paraffin sections were cut and applied to
Superfrost Plus slides (VWR). Sections were then processed in pairs of transgenic and non-
transgenic littermates according to manufacturer’s instructions. Antibodies to detect COX-2
(1:50), EGFR (1:100), pEGFR Tyr1068 (1:200), pEGFR Tyr992 (1:100), Akt (1:150), pAkt
Ser473 (1:50), and pAkt Thr308 (1:50) were purchased from Cellular Signaling (#4842, #2232,
#2234, #2235, #4057, #3787, and #9266 respectively). NeoMarkers provided anti-Ki67 (1:200)
antibodies (#RM-9106). All antibodies were incubated over night at 4°C and a secondary
1:1000 Biotin-SP-conjugated antibody for 30 minutes, goat anti rabbit for the rabbit primary
antibodies and Fab fragment goat anti-mouse for the mouse primary antibodies (Jackson
Immunoresearch 111-065-003, and 111-067-003 respectively). ABC Vetcastain (avidin/
biotin) with Vector NovaRED was used to develop color. Slides were then counterstained with
hematoxylin, dehydrated, and then cover slips were added. Images were acquired using an
Olympus 1X70 microscope equipped with a Microfire/Qcam CCD camera. To quantify the
level of immunostaining, the integrated density of red was calculated from the digital images
by multiplying the mean intensity of red determined using Adobe Photoshop software by the
area of red staining measured using N.I.H. ImageJ software.

Transgenic expression of COX-2 in the intestine

COX-2 is often over-expressed in both the stromal and epithelial components of human
colorectal tumors and the resulting prostaglandin products promote tumorigenesis by a variety
of proposed mechanisms. Its over-expression occurs early in tumorigenesis, but it is not clear
if COX-2 participates in tumor initiation, tumor progression, or both. To understand the effects
of COX-2 over-expression in colorectal carcinogenesis, we generated transgenic mice that
over-expressed COX-2 in the colon using a human COX-2 transgene under control of the liver
fatty acid binding protein (LFABP) promoter, which is active in colon epithelium [31,32]. We
confirmed integration of the COX-2 transgene using RT-PCR of genomic DNA (not shown).
As expected, we found using immunoblotting and immunohistochemical analyses that COX-2
was highly expressed in colon tissue and crypts (Figs. 1A,C). Expression of COX-2 in the
colon was most prominent in the proximal half of the colon and decreased distally (not shown).
We also found that COX-2 was expressed in liver, a tissue where the LFABP promoter is also
active, but its expression was not enhanced in kidney tissue (FigurelA). To confirm higher
levels of COX activity in the transgenic mice, we tested colon crypt isolates from a
representative selection of age-matched littermates for their ability to make PGE,. We found
that crypts from COX-2 transgenic mice produced significantly more PGE; both in the presence
and absence of exogenous arachidonic acid (Figure 1B). The patterns for COX-2 expression
and activity are the same for both the mixed paternal strain and the A/J and AKR/J strains used
for AOM treatment in this study. Collectively, these data indicate that the transgenic mice
express active COX-2 in colon epithelium.

COX-2 over-expression is not sufficient to initiate colon tumorigenesis

Colon tumor development can be roughly divided into initiation and progression phases. The
initiation phase is characterized by the development of ACF. These lesions can progress into
polyps with further dysplasia, but these polyps retain characteristic features of crypt
architecture. Further growth and loss of recognizable crypt architecture are considered
properties of adenomas [33]. To determine if COX-2 over-expression was sufficient to induce
tumorigenesis, we crossed the mice into the highly tumor susceptible A/J background,
sacrificed them at 25 weeks of age, and then assessed tumor development. We measured the
number and size of ACF and found no differences between wild type and COX-2 transgenic
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mice. In addition, the two groups had comparable numbers of polyps (Table I). We found only
one adenoma in the COX-2 transgenic mice, but the difference was not statistically significant.
We also fed mice a high fat diet (chow with 5% or 20% corn oil) for twelve weeks and did not
detect differences between wild-type and COX-2 transgenic mice (data not shown). Together,
these data indicate that when expressed in colon epithelium, COX-2 is not sufficient to initiate
colon tumorigenesis.

These results were consistent with several studies in mice demonstrating that the tumorigenic
effects of COX-2 depend on the tissue in which it is expressed. For example, COX-2 over-
expression is sufficient for carcinoma formation in breast [34] but not in skin [35]. To further
study the role of COX-2 on colorectal tumorigenesis we crossed the mice six generations into
an AKR/J background. We used the AKR/J background because these mice form few adenomas
when treated with AOM, but develop a moderate number of ACF [36]. These characteristics
of AKR/J mice allowed us to study both tumor initiation and progression in response to COX-2
over-expression. To induce tumors in the mice, we injected 6 week-old littermates weekly with
either AOM or saline for 6 weeks, and then sacrificed the mice 13 weeks after the final treatment
(25 weeks of age). We found no significant differences in the number of ACF and polyps
between wild type and COX-2 transgenic mice (Table 1), consistent with data obtained on the
AJJ background (Table ). Together, these data indicate that COX-2 over-expression does not
affect early stages of colon tumor development, including tumor initiation.

AOM is thought to induce COX-2 expression [37-38], so the lack of change that we observed
in the previous experiments might have been due to induction of endogenous COX-2 to levels
comparable to those of transgenic COX-2. By immunoblotting, we determined the levels of
COX-2 in the colons of six wild-type mice treated with AOM and found that AOM caused
only a10-20% increase in COX-2 protein at one or twelve weeks after the final AOM injection.
The COX-2 transgene was still expressed at 30-fold higher levels (data not shown). Thus, the
lack of change in ACF was not caused by induction of endogenous COX-2 in wild-type mice.

COX-2 affects tumor progression

To study the effects of COX-2 on colon tumor progression, we counted and measured colon
adenomas from AOM-treated wild type and COX-2 transgenic mice in the AKR/J background
(Figure 2A). While AOM-induced tumor incidence was similar between wild-type mice (75%)
and COX-2 transgenic mice (67%), we found significantly more tumors in the COX-2
transgenic mice that had been exposed to AOM (7.0 £ 2.1 tumors per mouse, n=12) compared
to their wild type littermates (2.6 £ 0.7 tumors per mouse, n=20). The average diameter of
colon tumors showed a statistically significant shift toward larger tumors in the transgenic mice
compared to their non-transgenic littermates, with four of the twelve transgenic mice having
multiple tumors with a diameter larger than 4mm compared to none of their twenty non-
transgenic littermates (Figure 2B). The average tumor volume per mouse was also higher in
the COX-2 transgenic mice compared to wild type littermates [(4.8 + 0.8 mm3) versus (2.7 +
0.4 mm3), respectively (Figure 2C)]. The increase in average tumor volume in COX-2
transgenic mice was statistically significant. In addition, the tumor load per mouse—a
summation of tumor volumes which reflects both size and number of tumors—was
significantly higher in the COX-2 transgenic mice compared to wild type littermates [(50.2 +
14.2 mm3) versus (15.4 + 3.2 mm3), respectively (Figure 2D)]. Morphological analyses
revealed that, in addition to the size differences described above, tumors from the COX-2
transgenic mice were less organized and displayed dysmorphic crypt architecture compared to
tumors from wild type littermates (Figure 2E). In addition, we detected higher expression of
the proliferation marker Ki67 in tumors from COX-2 transgenic mice compared to wild type
littermates (Figure 3). Moreover, the proliferation zone in the normal surrounding crypts was
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larger in the COX-2 transgenic mice (Fig. 3). Collectively, our data indicate that in the colon,
COX-2 over-expression promotes tumor progression.

Activation of EGFR signaling in COX-2 transgenic mice

We and others have demonstrated that PGE, activates EGFR signaling in cultured cells [16,
17,24]. To determine if this pathway was activated in the COX-2 transgenic mice, we used
immunohistochemistry to examine EGFR signaling in AOM-treated mice in the AKR/J
background. To assess EGFR signaling, we determined total EGFR, tyrosine phosphorylated
EGFR (pEGFR), total Akt, and phosphorylated Akt (pAkt). We found that COX-2 transgenic
mice expressed 3-5 fold higher levels of total EGFR, total Akt, pAkt, and pEGFR compared
to wild type littermates in tumor tissue (Figure 4) and 1.5-3 fold higher levels of these proteins
in normal surrounding tissue (Figure 5). The differences in pEGFR in normal-appearing tissue
were most apparent at the base of the crypts (Figure 5). These data indicate that over-expression
of COX-2 activates EGFR and Akt signaling that likely contributed to colorectal tumor
progression in the mice.

Discussion

COX-2 over-expression is an early event in colorectal cancer, and several lines of evidence
support a role for COX-2 in this disease. But whether COX-2 contributes to tumor initiation
or progression is not yet clear. In this study, we developed an in vivo model system that allowed
us to investigate the role of COX-2 in colon tumor initiation and progression and that permitted
identification of key signaling pathways activated by COX-2 during these processes. We
generated mice over-expressing COX-2 in colon epithelium and found that this was not
sufficient to cause colon tumor initiation. Additionally, over-expression of COX-2 did not
affect the development of pre-neoplastic lesions in mice treated with AOM. Collectively, these
data indicate that in this model, COX-2 over-expression did not affect early events in colon
tumorigenesis. AOM treatment is a model of non-familial colorectal cancer, the most common
form of this disease in humans. As such, our data indicate that inhibitors of COX-2 might not
be useful chemoprevention agents in the general population, a possibility that is reinforced by
several recent clinical trials testing routine use of NSAIDs to prevent colorectal cancer in the
general population [39].

It is important to note that our results in the colon might not reflect the tumorigenic properties
of COX-2 in other organs. For example, contrary to our results in colon, over-expression of
COX-2 in mouse skin, pancreas, and bladder, induced pre-neoplastic lesions [40], and when
over-expressed in breast tissue, COX-2 was sufficient to cause carcinomas [34]. These data
suggest that in other organs, NSAIDs might be useful chemoprevention agents.

Although COX-2 did not affect tumor initiation, its over-expression dramatically hastened
tumor progression, causing more and larger tumors to develop in vivo. These data indicate that
in this model, COX-2 plays a role in later stages of tumor development and they suggest that
COX-2 inhibitors might be useful chemotherapy agents. There are several ongoing clinical
trials to test this possibility, but we anticipate that only those patients expressing high levels
of COX-2 might benefit from treatment.

It is tempting to speculate that most if not all of our observations in COX-2 over-expressing
mice were mediated by changes in PGE, concentrations. PGE5 has been shown to activate
EGFR and Akt signaling pathways [16], both of which contribute to colon carcinogenesis.
Indeed, we found evidence that EGFR and Akt were more extensively activated in COX-2
over-expressing mice. These data suggest that EGFR and Akt signaling participate in COX-2-
mediated events. But since PGE5 can activate Akt independently of EGFR [16], the extent to
which these individual pathways contribute to tumorigenesis requires further study. We also
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found elevated levels of cytoplasmic B-catenin in tumors from COX-2 transgenic mice
compared to wild-type mice, but we did not detect more nuclear B-catenin (not shown). These
data suggest that COX-2 might promote tumorigenesis by activating several independent
signaling pathways. Since tumors from COX-2 over-expressing mice displayed evidence of
activation of at least three signaling axes, our data suggest that inhibiting only one of these
signaling pathways, such as that of EGFR, will likely not be a sufficient anti-tumor strategy.
Instead, therapeutic interventions should be aimed at COX-2 or enzymes involved in the
synthesis of PGE,.

However, it is also possible that COX-2 promoted colorectal tumorigenesis by functions other
than, or in addition to, PGE biosynthesis, including the ability of COX-2 to utilize arachidonic
acid and thus prevent its metabolism to other products (e.g., leukotrienes, lipoxins, HETEs,
etc.) that may play important roles in colon carcinogenesis. Since COX-2 can alter numerous
signaling pathways, it will be important to determine the mechanisms by which it promotes
colorectal tumorigenesis so that we can target the affected pathways using less toxic therapies.

In conclusion we have shown that COX-2 potentiates colon tumor progression but not its
initiation. We also found that COX-2 expression activates EGFR and Akt signaling pathways
in colon tumors, paving the way for future studies to determine the most effective combination
and timing of inhibitors to treat colon cancers where COX-2 is expressed.
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COX-2

cyclooxygenase-2
AOM

azoxymethane
EGFR

epidermal growth factor receptor
NSAID

non-steroidal anti-inflammatory drug
PGE,

prostaglandin E,
ACF

aberrant crypt foci
LFABP

liver fatty acid binding protein
pEGFR

phosphorylated EGFR
pAkt
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Figure 1.

Wild Type

Transgene

Characterization of transgenic COX-2 expression. A. COX-2 Western blots. Colon, kidney,
and liver lysates or isolated colon crypt lysates were probed with a COX-2 antibody that
recognizes an epitope that is identical in mouse and human COX-2 (cellular signaling #4842).
Immunoblots were reprobed for actin. B. PGE, assay. Isolated colon crypts were reconstituted
in warm PBS for 10 minutes with or without 20uM arachidonic acid. PGE, was assayed in the
supernatants by ELISA (the assays were performed in duplicate and each point represents the
average of two mice) and then normalized to total protein in the crypt lysates. The * indicates
statistically significant increased PGE; production in COX-2 transgenic mice compared to wild
type litter mates (p<0.03); ** Indicates statistically significant increased PGE, production in
COX-2 transgenic mice compared to wild type littermates when treated with arachadonic acid
(p<0.005); error bars indicate standard deviation. C. COX-2 immunohistochemistry. Paraffin-
embedded mouse colons were probed with anti-COX-2 antibodies. The insets show a
representative crypt.
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Figure 2.

Increased tumor multiplicity and size in COX-2 transgenic mice. A. Tumor count. Mice treated
with AOM or saline were sacrificed 12 weeks after the last injection and tumors were counted
(30). COX-2 transgenic mice treated with AOM (n=12) developed more tumors compared to
wild type littermates (n=20, p<0.05). There was no difference in the saline-treated mice. B.
Tumor size distribution. There was a statistically significant shift (p<0.05) towards larger
diameter tumors in the AOM-treated transgenic mice compared to AOM-treated wild type
littermates. *Indicates statistical significance in the >4mm category: 4 out of the 12 transgenic
mice developed tumors larger than 4mm in diameter compared to none in the wild type group
(p<0.03). Error bars are standard error of the mean. C. Average tumor volume per mouse was
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calculated. * Indicates a statistically significant increase in average tumor volume in the AOM-
treated transgenic mice compared to AOM-treated wild type littermates (p<0.03). D. Total
tumor load per mouse. Tumor sizes for each mouse were summed to reflect both tumor number
and average tumor size. *Indicates a statistically significant higher tumor load in the AOM-
treated transgenic mice compared to AOM-treated wild type littermates (p<0.03). E.
Representative methylene blue-stained colons (left) and hematoxylin-stained tissue sections
(right) from AOM-treated wild type and COX-2 transgenic mice.
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Ki67 immunostaining

Figure 3.
Increased proliferation COX-2 transgenic mice. Tumor and surrounding normal tissue samples

from age-matched, transgenic and non-transgenic mice were fixed, paraffin-embedded, and
then immunostained to detect Ki67. Wild-type and transgenic sections were processed together.
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Figure 4.

Downstream signaling pathways in tumors from COX-2 transgenic and wild type mice.
Paraffin-embedded tumors from the mid-colon of age-matched COX-2 transgenic and wild
type mice were immunostained to detect EGFR, pEGFR, Akt, and pAkt. Wild type and
transgenic tissue was processed together. We found similar results with antibodies specific for
phospho-Tyr992-EGFR and phospho-Thr308-Akt.
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Figure 5.

Assessment of EGFR and Akt signaling pathways in normal appearing tissue from COX-2
transgenic and wild type mice. Paraffin-embedded tissue samples from the mid-colon of age-
matched COX-2 transgenic and wild type mice were immunostained to detect EGFR, pEGFR,
Akt, and pAkt. Wild type and transgenic tissue was processed together. Similar results were
obtained with antibodies to detect phospho-Tyr992-EGFR and phospho-Thr308-Akt.
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Preneoplastic lesions in wild type and COX-2 transgenic mice (A/J)
WT n=16 TG n=16
ACF 2.1 (+1.0) 2.5 (+0.9)
Crypts/ACF 1.4 (x0.4) 1.6 (x0.3)
Polyps 2.1(x0.2) 1.7 (£0.4)
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Table Il
Preneoplastic lesions in wild type and COX-2 transgenic mice (AKR/J)

Saline AOM
WT n=16 TG n=10 WT n=20 TG n=12
ACF 5.4 (+0.7) 6.5 (+1.6) 39.5 (+5.4) 38.8 ( 7.5)
Crypts/ACF 2.3 (0.2) 1.9 (+0.3) 2.3 (0.2) 2.5 (+0.1)
Polyps 1.1 (x0.3) 0.7 (+0.2) 2.1 (x0.4) 1.7 (x0.9)
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