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Abstract
Cancer cells can develop an attenuated immunogenicity and/or create an immunosuppressive microenvironment to
prevent tumor eradication by host immune system, the so-called “cancer immunoediting” hypothesis. The aim of the
present studywas to find evidence for this hypothesis by using a rat orthotopic bladder cancermodel. Fisher ratswere
inoculated with AY-27 cells (a Fisher rat bladder cancer cell line). Cultured cancer cells, rat and human bladder cancer
tissues, and publicly available microarray data from human bladder cancer were analyzed by means of bioinformatics
and morphology. Results showed that 12 of 24 differentially expressed pathways were concordant in connection to
cell cycle and proliferation between rats and humans (both non–muscle-invasive andmuscle-invasive tumors) and that
11 of the 24 pathways, including major histocompatibility complex, were related to host immunosurveillance with
activations of T cells and natural killer cells in rats. The altered pathways and morphogenesis of this rat model corre-
sponded more closely with those of human muscle-invasive rather than non–muscle-invasive tumors. A unique ultra-
structure displaying microvillus-formed niches was found in small areas within the tumor of both rats and humans.
These niches were interconnected with desmosomes between cancer cells and without infiltration of lymphocytes.
The expression of E-cadherin, selectins, PGP9.5, vascular endothelial growth factor, caspase-3, CD133, Oct-4, nestin,
CD3, and CD45RA was lower in the tumor than in the adjacent normal epithelium. We suggest that the microvillus-
formed niche that harbors a few implanted cancer cellsmight be the compartment that prevents the tumor eradication
by the host immune system.
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Introduction
Ideal animal cancer models should, in principle, reflect tumor biology
in humans. Like humans, immunocompetent animals are capable of
recognizing and eliminating syngeneic cancer cells not only before
the development of a tumor but also after tumor formation, the so-
called “cancer immunosurveillance” [1,2]. However, tumors in im-
munocompetent individuals still occur and progress, which is called
tumor immunoescape. Conceivably, cancer cells (most likely a sub-
population of the cancer cells) can develop an attenuated immuno-
genicity and/or create an immunosuppressive tumor microenvironment
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that effectively prevents tumor eradication by the host immune system,
called “cancer immunoediting” [3,4].
Recently, we have shown that the host immune system was fully

active in the form of immunosurveillance, and yet, the tumors still
progressed in a syngeneic orthotopic rat bladder cancer model [5].
Moreover, this syngeneic orthotopic bladder cancer model showed a
similar but more rapid progression compared with chemical carcinogen
N -butyl-N -(4-hydroxybutyl)nitrosamine (BBN)–induced bladder
cancer model [5,6] (own unpublished data). A recent study also showed
that BBN-induced rodent (mouse and rat) models of bladder cancer
shared genetic similarities with pathways relevant to the development
of muscle-invasive bladder cancer in humans [7]. In the present study,
we wanted to test the cancer immunoediting hypothesis by using the
syngeneic orthotopic rat bladder cancer model in comparison with
human bladder cancer. First, we sought the gene expression profile
for immunoediting by gene expression profiling and pathway analysis
in comparisons between rat bladder cancer cells in vitro (AY-27 cell line)
and in vivo and between the rat and human bladder cancers. Second, we
sought morphological evidence for the immunosuppressive microenvi-
ronment in both rat and human bladder cancers by transmission elec-
tron microscopy and immunohistochemistry.
Materials and Methods

Bladder Cancer Cells and Syngeneic, Orthotopic Bladder
Cancer Model
A syngeneic rat bladder cancer cell line (AY-27) was originally estab-

lished as a primary bladder cancer developed in Fischer 344 rats ex-
posed to N -[4-(5-nitro-2-furyl)-2-thiazolyl]formamide) and was
kindly provided by Prof S. Selman, Department of Urology, Medical
College of Ohio. The cells were cultivated on culture dishes with six
wells in Dulbecco’s modified Eagle medium (Sigma, St Louis, MO),
10% fetal bovine (Sigma), 1% penicillin-streptomycin (5000 U/ml
of penicillin-G and 5 mg/ml of streptomycin; Sigma); and 0.5%
L-glutamine (Sigma). For trypsinization, trypsin-EDTA solution
(Sigma) was used. The cells were maintained in an incubator in a hu-
mid environment at 37°C and 5% CO2. Doubling time of the AY-27
cells in the pure culture was 27 hours (E. Larimar and D. Chen, un-
published data).
An orthotopic rat bladder cancer model has been described previ-

ously [8]. In the present study, female Fisher inbred rats (2-month-
old F344; Möllegaard, Skensved, Denmark) were used. The animals
were housed in plastic cages with hardwood chips at room temperature
of 22 ± 1°C, humidity of 45% to 55%, and 12 hours of light/dark
cycle. Microbiological status was conventional and pathogen-free.
The animals had free access to commercial standard rat food pellets
(RM1; Scanbur BK AS, Karlslunde, Denmark) and tap water. For es-
tablishing bladder cancer, the animals were anesthetized by subcutane-
ous injection of 0.02 ml/kg of a solution containing 2.5 mg/ml
fluanisone, 0.05 mg/ml fentanyl, and 1.25 mg/ml midazolam (Hyp-
norm [ Janssen Animal Health, Buckinghamshire, UK] or Dormicum
[Alpharma AS, Oslo, Norway]). The amount of 4.0 × 105 AY-27 cells
per rat was inoculated with an 18-gauge plastic intravenous cannula. A
series of rats were subjected to intravesicle bladder cancer cell inocula-
tion and killed at 1, 2, and 3 weeks (three to nine rats at each time
point), respectively. A group of nine age- and sex-matched normal rats
was used as controls. Entire bladders from six rats at the time point of
2 weeks after inoculation together with entire bladders from six controls
were additionally used for microarray analysis. Approval for the experi-
ments was obtained from the Norwegian Animal Research Authority.
Human Bladder Cancer Patients
Three patients whose conditions were diagnosed as muscle-invasive

urothelial cancer (grade 3 according to the World Health Organization)
underwent radical cystectomy at StOlav’sUniversityHospital, Trondheim,
Norway. Immediately after the bladder was removed, several small tis-
sue specimens (1 × 1 × 1 m3) were taken from defined tumor areas and
immersed in a fixative for electron microscopic analysis (see below). Ap-
proval for the analysis was obtained from the local ethics committee and
from the patients.
Morphological Analysis
The cultured cells and the bladder tissue samples from both rats and

patients were collected for both light and transmission electron micro-
scopic evaluations. In brief, the tissue samples were immersed in 4%
formaldehyde for 8 to 12 hours at 4°C, dehydrated and embedded in
paraffin blocks, and cut at a 4-μm thickness through the whole blad-
der. Every fifth section was thawed onto glass slides and subjected to
a routine hematoxylin-eosin-safron staining for evaluation under a
microscope (Nikon Eclipse 55i; Instrument AB, Oslo, Norway). For
immunohistochemistry, the tissue sections (from the rats only) were
treated with 3% H2O2 to quench endogenous peroxidase, washed sev-
eral times, and blocked with 10% normal goat serum. The sections
were incubated with a series of primary antisera for 48 hours at 4°C
(Table 1). Afterward, the sections were incubated in biotinylated anti-
rabbit or antimouse immunoglobulin G for 1 hour (Envision Kit K4007
or K4011; Dako, Glostrup, Denmark). After several washes in Tris-
buffered saline, sections were incubated in 0.05% diaminobenzidine/
0.001%H2O2 solution and washed at least two times with Tris-buffered
saline. Sections were counterstained, dehydrated with absolute alcohol
followed by xylene, coverslipped with Permount (The Science Com-
pany, Denver, CO), and examined under a microscope (Nikon).

For electron microscopy, many small tissue specimens were taken
from different sites of the rat bladder and defined tumor sites of the
patient’s bladders and were immediately immersed in a mixture of 2%
glutaraldehyde in 0.1MPBS, pH7.2. After 6 hours, the specimens were
transferred to 1%OsO4 and postfixed for 1 hour, dehydrated in graded
acetone, and embedded in Epoxy (TAAB Laboratories, Berkshire, UK).
Ultrathin sections of 60- to 80-nm thickness were cut on an LKB MK
III Ultratome (LKB, Bromma, Sweden), contrasted with uranyl acetate
and lead citrate, and examined under a transmission electronmicroscope
( Joel, Tokyo, Japan).
Complementary DNA Microarray and Data Analysis
Cultured AY-27 cells and the entire bladder from each rat were taken

and immediately frozen in a bath of liquid nitrogen and stored at −80°C
until isolation of RNA using the RNeasy Fibrous Midi Kit and RNase-
free DNase Set (Qiagen, Valencia, CA). Isolated RNA was analyzed by
Affymetrix GeneChip (Affymetrix, Santa Clara, CA) with a RAE 230 A
chip that includes more than 15,000 rat genes. The arrays were scanned
using Affymetrix GeneChip Scanner 3000 7G controlled by GCOS
1.3. Data were normalized using robust multiarray averaging, and data
quality was evaluated by principal component analysis (PCA). Differ-
entially expressed genes were identified, P values were corrected for
multiple testing, and genes with P < .05 were taken as significant. Indi-
vidual genes were functionally annotated using EGON v2.0 program
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(NTNU, Trondheim, Norway). Pathway analysis with Kyoto En-
cyclopedia of Genes and Genomes (Kyoto, Japan) was performed. In
addition, publicly available microarray data from human bladder tu-
mors [9] were downloaded from ArrayExpress and normalized using
the same procedure as for the rat data.
Results

Gene Expression Profiling
PCA revealed different gene expression profiles among the normal

bladder, bladder cancer in vivo, and cultured cancer cells (Figure 1, A
and B). In the tissue microenvironment, 69% of differentially ex-
pressed genes were functionally related to cell communication, and
16% of genes were related to cell adhesion. In the cultured cancer
cells, 39% of genes were annotated to cellular process, 34% were an-
notated to cellular physiological process, and 7% to 10% were anno-
Figure 1. PCA of gene expression patterns (A) and histological diag
inoculation of AY-27 cells), and bladder cancer AY-27 cells in culture
and the bladder cancer are distinctly different; however, the magnitu
cancer cells in panel A. Magnifications are the same as in panel B.
tated to cell death, cell cycle, or signal transduction. In the rat bladder
cancer tissue, major histocompatibility complex (MHC I and II) path-
ways involving CD8- and CD4-evoked T cells, and KIR-evoked natu-
ral killer cells were upregulated. It should be noted that most genes in
MHC I and all genes in MHC II were upregulated, and none of the
genes in either MHC I or MHC II was downregulated. T-cell receptor
signaling pathways in CD4 and CD8 T cells and natural killer cell–
mediated cytotoxicity in natural killer cells were activated (Figure 2).

The comparison between this rat model and humans (both non–
muscle-invasive and muscle-invasive tumors) revealed that 12 of 24
differentially expressed pathways were concordant in connection to
cell cycle and proliferation. In the rat model, it was noted that 11
of 24 pathways were related to host immunosurveillance. Moreover,
significantly differentiated pathways of this syngeneic orthotopic rat
bladder cancer model corresponded much more closely with those of
muscle-invasive human tumor (eight pathways) rather than with
those of non–muscle-invasive tumors (four pathways; Table 2).
Table 1. List of Primary Antibodies Used for Immunohistochemical Analysis.
Antibody Name
 Species Immunized
 Code No.
 Working Dilution
 Source
nosis (B) of normal b
(C). Note that the ge
de of change is even
Specificity
PCNA
 Monoclonal
 M0879
 1:100
 Dako
 Primarily with a polypeptide corresponding to PCNA

Caspase-3
 Rabbit
 9662
 1:10
 Cell Signaling
 Full-length caspase-3 (35 kDa) and large fragment of caspase-3

resulting from cleavage (17 kDa)

E-selectin
 Rabbit
 Sc14011
 1:100
 Santa Cruz
 Amino acids 311-610 mapping at the C-terminus of E-selectin of

human origin

L-selectin
 Rabbit
 Sc15331
 1:100
 Santa Cruz
 Amino acids 224-372 mapping at the C-terminus of L-selectin of

human origin

P-selectin
 Rabbit
 Sc25771
 1:100
 Santa Cruz
 Amino acids 651-800 of P-selectin of human origin

E-cadherin
 Rabbit
 Ab53226
 1:300
 Abcam
 N-terminal region of rat E-cadherin

Desmoglein1 + 2
 Monoclonal
 BM370
 1:5, 1:10, or 1:50
 Santa Cruz
 Desmosome-specific cadherins in desmosome-bearing cells

CD133
 Rabbit
 Ab19898
 1:100
 Abcam
 C-terminus of human CD133

Nestin
 Rabbit
 N5413
 1:100
 Sigma
 Residues 254-270 of human nestin, 93% identical to rat nestin

Oct-4
 Rabbit
 Abin223270
 1:200
 Antibodies-online GmbH
 N-terminus of mouse Oct-4

VEGF
 Monoclonal
 Sc7269
 1:100
 Santa Cruz
 Amino acids 1-140 of VEGF of human origin

PGP9.5
 Monoclonal
 Z5116
 1:30
 Dako
 A band corresponding to protein gene product 9.5 (PGP9.5)

CD3
 Rabbit
 Ab5690
 1:100
 Abcam
 Amino acids 156-168 of human CD3 epsilon chain

CD45RA
 Monoclonal
 Ab22363
 1:200
 Abcam
 A high–molecular weight band of the leukocyte common antigen
ladder (N), bladder cancer (B; 2 weeks after
ne expression profiles of the normal bladder
greater between the bladder cancer and the














