
Abstract. Background: TNF· and IFNÁ, two main cytokines
secreted in the urine of bladder cancer patients after Bacillus
Calmette Guerin immunotherapy (BCG therapy), exert various
responses ranging from growth arrest, apoptosis, phenotypic
changes and differentiation. Materials and Methods: To identify
their transcriptional and translational targets, the highly sensitive
bladder cancer cell line (RT112) was treated for 24 hours with
increasing doses of IFNÁ or TNF· and analyzed for cellular and
molecular changes using a cDNA microarray technique
(Transcriptome) containing 800 genes. Results: High doses
(>10 ng/ml) induced an apoptotic cell death, whereas low doses
(<5 ng/ml) induced a survival program. TNF·-inducible genes,
IFNÁ-inducible genes and  genes modulated by TNF· and IFNÁ
together were identified. All were related to the tumor progression
program including cell proliferation, apoptosis/survival,
angiogenesis and metastatic processes. Conclusion: These results
suggest that the transcriptomic approach could be a good
methodology to determine the molecular mechanisms involved
in bladder tumor progression processes in relation to a low
response to BCG treatment. However, mRNA and protein
expression did not always correlate, suggesting that translational
regulation is a vital process in bladder tumor progression.

Transitional cell carcinoma (TCC) of the bladder is the fifth

most common cancer in humans. TCC has been classified

into two groups including superficial (pTa) and invasive (pT1

to pT4) with distinct clinical behaviors. The standard initial

therapy for superficial pTa bladder cancers is transurethral

resection with or without adjuvant Bacillus Calmette Guerin

(BCG) therapy, whereas invasive pT1 to pT4 bladder cancers

are treated with transurethral resection with adjuvant BCG

therapy or chemotherapy. Since the first study reported by

Morales et al. (1), all the published reports have confirmed

the efficacy of intravesical BCG therapy in reducing both the

progression of superficial bladder cancer and the recurrence

of invasive tumors (2). The mechanisms by which BCG

mediates antitumor activity are not all understood. However,

recent studies showed that TCC patients that respond to

BCG therapy have a cellular and humoral response towards

tumor cells. The basis of this immune response is associated

with the secretion of several cytokines (IL-1·, IL-1‚, IL-2, IL-

4, IL-6, IL-8, M-CSF/CSF1, TNF· and IFNÁ) (3–6).

Following BCG therapy, the expression of the major

histocompatibility class II and ICAM-1/CD54 antigens on

urothelial cancer cells increased, suggesting that IFNÁ

induced action. Moreover, the antitumor activity and the

cytotoxicity of IFNÁ against bladder tumor cells have been

investigated in vitro and clinical studies have shown the

therapeutic efficacy of IFNÁ against recurrence of TCC (7-

9). However, in vivo, IFNÁ may enhance the metastatic

potential of cancer cells and, in vitro, low doses of IFNÁ

induce an epithelial to mesenchymal (EMT) process and

tumor progression (10, 11). IFNÁ also induces TNF·

secretion and increases the expression of TNF receptors,

which could explain the synergistic effect of the two cytokines

(12, 13). TNF· was originally characterized as an antitumor

agent and a cytotoxic factor for many malignant cells (14).

However, expression of endogenous TNF· may act as a

protective protein against the cytotoxicity of exogenous

TNF·, possibly through NF-kB inhibition (15, 16). 

The multiple molecular events that occur when bladder

cancer patients are treated using BCG therapy have been
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examined either at the protein level (cytokines, growth

factors, chemokines) or at the single gene level (17). Today,

new technologies have been developed to analyze mRNA

expression of a large number of genes, with the cDNA

microarray techniques making it possible to simultaneously

compare the expression of thousands of genes with a single

hybridization. Due to their sensitivity (a single mRNA copy

per cell), these technologies can detect the regulatory function

of various molecules. Recent investigations showed that these

techniques can be used to identify the gene expression

pattern, providing the new biological insight required for the

development of a new therapy for bladder cancer (18–20).

Moreover, cDNA microarrays have been used to study the

differential expression of mRNAs after activation either with

cytokines and growth factors or with chemical molecules used

in chemotherapy (21–24). 

Because some bladder cancer patients treated with BCG

therapy will develop muscle invasion, metastasis and

resistance to this treatment, it is crucial to investigate the

effects of cytokines at the transcriptional level to identify their

target genes in relation to the tumor progression process. As

TNF· and IFNÁ are the main mediators of humoral response,

we used a DNA microarray containing the probes for 800

human genes to determine changes in mRNA expression after

in vitro treatment of bladder cancer cells that are able to

progress. Our results suggest that bladder cancer patients with

a slight response to immunotherapy (low levels of TNF· or

IFNÁ in the urine) could progress and tumors could

metastasize as a result of the effects of these low doses of

TNF· or IFNÁ on these processes. 

Materials and Methods

Cell cultures. The RT112 cell line was derived from a pT1G2 bladder

tumor and was maintained in RPMI 1640 medium with 10%

inactivated fetal calf serum (FCS) (Gibco BRL, Eragny, France), 

2 mM L-glutamine, 100 Ìg/ml streptomycin and 100 units/ml

penicillin. In the induced cultures, RT112 cells were grown in RPMI

1640 medium with 5% FCS. TNF· or INFÁ were added to the

subconfluent proliferating culture of the RT112 cells for 24 hours.

Cells were treated with trypsin, washed twice in PBS and used either

for biological assays or for mRNA analysis.

Drugs and reagents. Recombinant human (rh) TNF· and INFÁ,

(R&D Systems, Minneapolis, MN, USA) were dissolved as specified

by the manufacturer and diluted to appropriate final concentrations

in RPMI 1640 medium.

Apoptosis determination. Increasing doses of TNF· or INFÁ were added

to the subconfluent proliferating culture of the RT112 cells for 24-48

hours. Nonadherent and trypsin-treated cells were mixed, washed twice

in PBS and analyzed using two techniques, as previously described (11). 

Oligonucleotide microarray analysis (transcriptional activity). Array
features: The microarray analyses were performed using long

oligonucleotide nylon filters with 500-Ìm spot spacing. The 70-mer

oligonucleotides were obtained from Operon Company GmbH

(Cologne, Germany). The DNA probes were printed in duplicate

onto the membrane and probes for the standard RNA (Oryza sativa
gene) were printed in 48 locations onto the filter. An anti-sense DNA

probe for the RNA standard was used as negative signal to control

the hybridization specificity. The quality of the filters and the

quantities of printed DNA were determined using the polynucleotide

kinase labelling method of El Atifi et al. (25). 

Samples, hybridization and expression measurements: Total RNAs were

extracted from cells using the RNAgents® Total RNA Isolation

System (Promega, Madison, WI, USA). The quantity and the quality

of the extracted RNAs were checked using RNA LabChip and

BioAnalyser 2100 (Agilent Technologies, Palo Alto, CA, USA). RNA

samples were stored at –80ÆC until analysis. For transcriptomic

analysis, 3 Ìg of total RNA sample and 0.2 ng of standard mRNA

sample were reverse transcribed using polydT priming and ·-[33P]-

dCTP. The efficiency of the reverse transcription was verified by

measuring the radioactivity level of the purified cDNA.

Hybridizations on the filters were carried out for 72 hours under the

conditions described previously (26). After exposure on a phosphor

screen high-resolution plate for 3 days, the image was scanned using

a BAS 5000 phosphoimager and the spot intensities were acquired

using the Array Gauge software (Fuji-Filmì; Raytest, Paris la

Defense, France). Any raw data with an intensity lower than the

background plus three standard deviations were excluded. The

normalization factors inter-assays were calculated with the global

normalization method using the linear regression of all intensity data

of the arrays, including the RNA standard intensities. For each

arrayed gene, the resulting expression values, reported in arbitrary

units, were compared to the expression value from the control cells.

The relative changes in gene expression were analyzed using the

Student’s t-test (p<0.05).

Gene expression: The symbol (x) was used for gene transcripts with at

least a two-fold increase, whereas the symbol (/) was used for gene

transcripts with at least a two-fold decrease by TNF· or IFNÁ.

Protein expression analysis (translational activity). Immunological

methods can evaluate the effectiveness of TNF· and IFNÁ at the

protein level. Intracellular antigens, after fixation/permeabilization

with IntraPrepì Permeabilisation Reagent (Beckman Coulter) and

membrane associated-antigens, were analyzed by indirect

immunofluorescence. Specific monoclonal antibodies (anti-CD44,

anti-thrombomodulin, anti-fibronectin, anti-cyclooxygenase-2) and

appropriate conjugated isotypic controls were used before measuring

antigen expression by flow cytometry (FACScalibur; Becton

Dickinson, San Jose, CA, USA) (mean fluorescence intensity).

MMP2 activities were determined using zymographic analysis, as

already described (27). 

Results

Biological responses. In RT112 treated with TNF· (>10 ng/ml)

for 48 hours, adherent cells were progressively detached,

suggesting an apoptotic process. Flow cytometric analysis of

the DNA cell content showed an increase in the percentage of

subdiploid cells, thus confirming this apoptotic process in more

than 30% of the cells. TNF· did not statistically modify the cell

growth and did not induce an epithelial to mesenchymal

transition (EMT) process (data not shown). RT112 cells
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reacted to IFNÁ, showing an EMT and a growth inhibitory

response. High doses of IFNÁ (>10 ng/ml) induced an

apoptotic process in 10–30% of the cells after 48 hours. When

RT112 cells grew in the presence of both TNF· and IFNÁ (15

ng/ml) for 24 hours, a synergistic effect was obtained: 80% of

the cells died within an apoptotic process. However, when they

were treated for 24–48 hours in the presence of either TNF· (5

ng/ml) or IFNÁ (1 ng/ml), the RT112 cells acquired a

resistance to the cytotoxic effect of TNF·+IFNÁ (Table I).

Therefore, TNF· and IFNÁ showed an inverse dose-

dependent  effect: high doses induced an apoptotic process,

whereas low doses induced a survival process.

Genomic analysis in response to TNF· and IFNÁ. The biological

responses of the RT112 cells to TNF· and IFNÁ  suggest that

these cells could be an appropriate model system to study the

signaling pathway mediated by the two cytokines. We therefore

focused our investigations on the genes associated with the

tumor progression characterized by an increase in cell survival,

the induction of both angiogenesis and metastasis. To identify

the genes transcriptionally regulated in the tumor cells after

TNF· and IFNÁ treatment, we used a DNA microarray

consisting of 800 known genes. Among the genes modified by

the two cytokines, many genes represented known TNF·-

modulated genes (JUNB, RELB, IL-8, FN) or known IFNÁ-

modulated genes (B2M, STAT1, GBP1, u-PAR, IFNÁR),

providing independent validation of our system. Three

categories of genes were identified: first, genes only modulated

by TNF· (n=52); second, genes only modulated by IFNÁ

(n=66); and lastly, genes modulated by both TNF· and IFNÁ

(n=27). These genes modulated by TNF· and IFNÁ in RT112

bladder tumor cells were distributed into five groups according

to the ontological classification (http://www.geneontology.org)

(Tables II and III).

Group I (apoptosis, survival and DNA repair): TNF· up-

regulated eleven genes and down-regulated one gene, whereas

IFNÁ up-regulated nine genes and down-regulated one gene

(Tables II and III). Exposure of RT112 cells to TNF· or IFNÁ

can either lead to apoptosis or to cell survival (see "Biological

Responses"). Apoptosis is the result of a balance between the

expression of pro-apoptotic and anti-apoptotic genes. Among

the TNF·- and IFNÁ-modulated genes, eight up-regulated

genes induced an anti-apoptotic process and six up-regulated

genes induced a pro-apoptotic process, whereas two down-

regulated genes involved an anti-apoptotic process and one

down-regulated gene a pro-apoptotic process. Consequently,

the balance between apoptosis and survival suggests a post-

transcriptional regulation.

Group II (cell proliferation-related genes): TNF· up-

regulated nine genes, whereas IFNÁ up-regulated seven genes

and down-regulated three genes. Together, TNF· plus IFNÁ

up-regulated five genes. Only the CCNB2 gene was up-

regulated by TNF· and down-regulated by IFNÁ. The fact

that the same pattern of genes was modulated by TNF· and

IFNÁ, whereas TNF· did not modify cell proliferation and

IFNÁ inhibited it, confirms the primordial role for a post-

transcriptional regulation.

Group III (angiogenesis): Twelve out of thirteen genes

modulated by the two cytokines were up-regulated, suggesting

a vital role for TNF· and IFNÁ in the angiogenic process.

Group IV (metastasis, migration and adhesion processes):

TNF· up-regulated sixteen genes and down-regulated two

genes, whereas IFNÁ up-regulated fourteen genes and down-

regulated one gene. Five genes were up-regulated by TNF·

plus IFNÁ. However, TNF· and IFNÁ increased the same

pattern of genes modulating the migration process, whereas

only IFNÁ-treated cells migrated. This confirms a role for

post-transcriptional regulation.

Group V includes genes that have not yet been described

in the tumor progression process. Among these genes, four of

them, including MADH2, IFNGR2, CEBPD and IF141, were

modulated by both TNF· and IFNÁ.

Post-transcriptional regulation. To investigate this process,

mRNA and protein expressions were analyzed in RT112 cells

before and after TNF· and/or IFNÁ induction. 

Table IV shows MMP2, CD44 and THBD mRNAs and their

protein expression. TNF· and IFNÁ up-regulated both MMP2

mRNA (x3) and the amount of the intracellular MMP2 protein

(x2 and x3.3, respectively). However, in the culture supernatant

(CS), TNF· weakly increased secreted MMP2 protein, whereas

IFNÁ dramatically decreased it (x1.2 and x3.3, respectively). For

THBD, IFNÁ up-regulated both mRNA expression (x2.5) and

the expression of its corresponding protein (thrombomodulin)

(x1.8). For CD44, both TNF· and IFNÁ up-regulated mRNA

expression (x3), but TNF· did not modify CD44 protein

expression, whereas IFNÁ decreased it (x2). 

In bladder cancer, cyclooxygenase-2 (cox-2) expression was

enhanced in high-grade TCC, associated with both tumor

invasiveness and poor patient outcome (28, 29). Moreover,

cox-2 was regulated by type II phospholipase A2 (PLA2G2A
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Table I. Effects of TNF·±IFNÁ on apoptosis.

Pretreatment None TNF· IFNÁ TNF·+IFNÁ

Treatment

None 3%±1 6%±2 9%±2 30%±5

TNF·+IFNÁ 23%±4 13%±4 15%±4 55%±6

RT112 cells were pretreated for 24 hours without (none) or with either

TNF· (5 ng/ml) or IFNÁ (1 ng/ml), or with TNF·+IFNÁ (at 5 ng/ml

and 1 ng/ml, respectively), washed and treated for 24 hours without

inducer (none) or with inducers (20 ng/ml each TNF·+IFNÁ). Cells

were then treated with trypsin and used for determination of apoptosis

using the Annexin V-FITC/PI method (Vybrantì Apoptosis Assay kit).

Data are the mean ± SD of three experiments.
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Table II. TNF·-regulated genes identified by cDNA microarray technique.

GenBank Gene Protein Untreated TNF· Fold

accession no. name description increase

Apoptosis and survival

NM002657 PLAGL2 pleiomorphic adenoma gene link 2 16 8 / 2

AK027071 TSC22 TGF‚ stimulated protein TSC22 4 15 x 4

NM002970 SAT spermidine/spermine acetyltransferase 3 7 x 2.3

NM001753 CAV1 caveolin alpha 2 8 x 4

NM002228 JUN jun 3    6 x 2.3

NM002648 PIM1 pim-1 oncogene 20 45 x 2.5

M10943 MT1F metallothionein 5 15 x 3

NM001013 RPS9 ribosomal protein 9 1 5 x 5

NM006509 RELB part of NF-KB 6 16 x 2.5

NM002412 MGMT O-6-methylguanine-DNA metyltransferase 1 4 x 4

NM000832 GSTP1 glutathione transferase P1 45 90 x 2

NM001320 CSNK2B casein kinase 2B 3 6 x 2

Cell proliferation

NM000075 CDK4 cdk4 2 4 x 2

NM000389 CDKN1A p21/waf1 12 38 x 3.1

L24498 GADD45A DNA damage inducible protein gadd45 1,5 5 x 3.5

NM004701 CCNB2 cyclin B2 3 7 x 2.3

NM004526 MCM2 cdc19p 1 3 x 3

BC001854 MAT2A methionine adenyltransferase IIA 4 8 x 2

AF090094 OAZ1 ornithine decarboxylase antizyme 1 5 12 x 2.5

NM006185 NUMA1 nuclear mitotic apparatus protein 1 2.5 5 x 2

NM06378 SEMA4D semaphorine 4D/CD100 1 4 x4

Angiogenesis

NM000584 IL8 interleukin-8 2 23 x 12

NM002165 ID1 zing finger protein id1 30 60 x 2

NM002167 ID3 zing finger protein id3 6 18 x 3

NM002607 PDGFA PDGFalpha 4 8 x 2

NM001530 HIF1A hypoxia inducible factor 1 2 8 x 4

NM002994 SCYB5 chemokine 1 5 x 5

AF022375 VEGF VEGF 5 10 x 2

NM012215 MGEA5 hyaluronidase 1 4 x 4

NM000300 PLA2G2A phospholipase A2 1 3 x 3

Metastatic process 

NM002525 NRD1 nardilysin 1 1 x 7

NM002210 ITGAV integrin alpha 6/CD51 1 5 x 5

NM002205 ITGB5 integrin beta 5 3 7 x 2.3

NM014288 ITGB3BP integrin beta 3 binding protein 1 3 x 3

NM004753 SDC1 syndecan 1 1 3 x 3

NM003255 TIMP2 TIMP2 1 3 x 3

NM004530 MMP2 MMP2 1 3 x 3

NM002427 MMP13 MMP13 1 10 x 10

NM001814 CTSC cathepsin C 1 12 x 12

NM001912 CTSL cathepsin L 1 6 x 6

AJ251595 CD44 CD44 antigen 1 3 x 3

NM002906 RDX radixin (ERM family/ligand of CD44) 2 1 / 2

NM002996 SCYD1 fractalkin 1 5 x 5

NM032466 ASPH aspartate beta hydroxylase 2 1 / 2

NM014360 CDH1 E-cadherin 3 10 x 3

NM001456 FLNA filamin alpha 8 19 x 2.5

NM001355 DDT D-dopachrome tautomerase 5 10 x 2

NM001780 CD63 CD63 antigen 25 53 x 2.1

continued on the next page



gene) (30). In our experiments, both TNF· and IFNÁ up-

regulated PLA2G2A gene expression (x3). However,

immunological analysis (FACS) showed that IFNÁ increased

both the percentage of cox-2-positive cells from 6%±2 to

90%±10 and the cox-2 antigen expression from 12 to 21

(arbitrary units), whereas TNF· did not statistically modify it. 

Finally, TNF· and IFNÁ up-regulated IFNGR2 mRNA

expression (x3 and x2, respectively) and FACS analysis

showed an increase in the IFNÁ-R antigen expression from

35±5 to 72±12 (TNF·) and from 35±5 to 53±7 (IFNÁ)

(FACS arbitrary units). All these results suggest a post-

transcriptional activity.

Up-regulated genes associated with poor outcome in bladder
cancer. In bladder cancer, several studies identified critical

molecular targets (genes and proteins) altered during tumor

progression and associated with poor patient outcome. We

identified some genes modulated by either TNF· or IFNÁ

that were overexpressed in bladder cancer (Table V). Among

these genes, ten were up-regulated by both TNF· and IFNÁ,

suggesting that these cytokines may induce the tumor

progression process in bladder cancer using a similar pathway. 

Discussion

The concept of a metastatic cell population suggests a selective

competition favoring the survival of a subpopulation (31). In

bladder cancer, the dominance of the subpopulation of

metastatic tumor cells that can appear during BCG treatment

(the most potent therapy currently used in this pathology)

requires activation of a set of effector genes (32, 33). Because

intravesical BCG therapy is followed by the sequential

appearance of transient high levels of IFNÁ and TNF· in the

urine of these patients, the effects of the two cytokines were

investigated on RT112 bladder tumor cells (6, 34). 

In this study, the RT112 cells were cultured in the presence

of variable doses of TNF· or IFNÁ The biological response

(growth, apoptosis and chemoresistance) and the gene and

protein expression were then analyzed using a DNA

microarray approach and immunological methods. High doses

of either TNF· or IFNÁ (>10 ng/ml) for 48 hours induced an

apoptotic cell death in 10–30% of the RT112 cells, whereas

low doses of TNF· (<5 ng/ml) or IFNÁ (<1 ng/ml) induced

the development of resistance to the cytotoxic effect of the

high doses of both TNF· and IFNÁ (11 and Table I). Low

doses of IFNÁ also induced an epithelial to mesenchymatous

transformation (EMT) (11), confirming that IFNÁ induced

morphological changes as well as cytostatic and cytotoxic

processes, whereas TNF· only induced a cytotoxic process

(11, 35). Following cultures in the presence of TNF· or IFNÁ,

the global patterns of transcriptional activation obtained with

the transcriptomic approach provided essential information

regarding cell response to the bladder tumor progression

process (Tables II and III). The most striking feature of gene

activation by TNF· was the massive induction of IL-8 (x12),

MMP-13 (x10), CTSL (x6), GBP1 (x13) and NDR1 (x7) gene

transcription. In bladder cancer, IL-8, MMP-13, CTSL and

GBP1 controlled the metastatic process (36-39).

Both TNF· and IFNÁ increased IL-8 and VEGF mRNA

expression, which represent the divergent developmental

pathways in the pathogenesis of bladder carcinoma (40). IL-8

appeared to be up-regulated in early precursor lesions (CIS),

whereas VEGF appeared to be up-regulated at later stages

(muscle invasion) by increasing RELB gene expression. This

component of the NF-Î B transcription factor was frequently

overexpressed in bladder cancer and inhibited the activity of

some chemotherapeutic agents (41). TNF· and IFNÁ also

increased PLA2G2A gene expression. On the other hand, its

related protein (phospholipase A2) amplified TNF·-

stimulated prostaglandin E2 (PGE2), which stimulated cox-2,
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GenBank Gene Protein Untreated TNF· Fold

accession no. name description increase

Other genes

NM005901 MADH2 Smad2 4 1 / 4

NM005534 IFNGR2 Interferon gamma receptor 2 3 10 x 3

NM005195 CEBPD KIAA0146 protein 3 15 x 5

NM002055 GFAP GFAP 1 2.5 x 2.5

NM004148 NINJ1 ninjurin 1 2 6 x 3

NM055027 CARM1 coactivator-associated arginine methyltr. 1 3 x 3

NM001068 TOP2B topoisomerase 2B 1 3 x 3

L 22342 IF141 interferon-induced protein 41 2 6 x 3

NM001945 DTR Diphtheria toxin receptor 4 18 x 4

Four subgroups were identified in relation to bladder tumor progression (chemoresistance and anti-apoptotic process, cell proliferation, angiogenesis

and metastatic process) and one subgroup without relation. The symbols (x and /) used in this table are defined in the Materials and Methods section.

Table II continued
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Table III. IFNÁ-regulated genes identified by cDNA microarray technique.

GenBank Gene Protein Untreated IFNÁ Fold

accession no. name description increase

Apoptosis and survival

NM002831 PTPN6 protein tyrosine phosphatase 5 10 x 2

AK027071 TSC22* TGF‚ stimulated protein TSC22 4 10 x 2.5

NM002970 SAT* spermidine acetyl transferase 3 8 x 2.6

NM002228 JUN* JUN 3    8 x 2.5

NM003225 TFF1 trefoil factor 1 2 5 x 2.5

NM001912 MCL1 BCL2 related protein 1 3 x 3

NM002648 PIM1* protein peptidyl-prolylcis/trans isomerase 20 48 x 2.5

NM005346 HSPA1B Heat shock protein 1A 8 4 / 2

NM006509 RELB* part of NF-KB 6 13 x 2

NM001320 CSNK2B* casein kinase 2B 3 15 x 5

Cell proliferation

NM000075 CDK4* CDK4 2 7 x 3.2

NM007315 STAT1 STAT1 1 6 x 6

NM000389 CDKN1A* CDK1A/p21 12 27 x 2.3

L24298 GADD45A* DNA damage inducible protein gadd45 1,5 4 x 2.5

NM004701 CCNB2* cyclin B2 3 1 / 3

NM013283 MAT2B methionine adenyltransferase IIB 5 1 / 5

NM001255 CDC20 CDC20 8 3 / 2.5

NM2945 RPA1 replication protein A1 2 6 x 3

NM001604 PAX6 homeotic protein aniridia 7 19 x 3

AF090904 OAZ1* ornithine decarboxylase antizyme 1 5 10 x 2

Angiogenesis

NM000584 IL8* interleukin-8 2 4 x 2

NM003680 YARS tyrosyl tRNA synthetase 3 7 x 2.3

NM002165 ID1* zing finger protein 30 70 x 2.3

NM002825 PTN pleiotrophin 15 32 x 2.1

AF022375 VEGF* VEGF 5 15 x 3

NM012215 MGEA5* hyaluronidase 1 4 x 4

NM002053 GBP1 guanylate binding protein-1 1    13 x 13

NM000300 PLA2G2A* phospholipase A2 1 3 x 3

Metastatic process 

NM003005 SELP P selectin /CD62 12 27 x 2.2

NM004530 MMP2* MMP2 1 3 x 3

NM001814 CTSC* cathepsin C  1 9 x 9

NM001912 CTSL* cathepsin L 1 3 x 3

NM002859 PXN paxillin 4 11 x 2.8

NM004360 CDH1* E-cadherin 3 16 x 5.2

NM032466 ASPH aspartate beta hydroxylase 2 4 x 2

NM001848 COL6A1 collagen VI alpha 1 3 x 3

NM001845 COL4A1 collagen IV alpha 6 1 / 6

NM002996 SCYD1* fractalkin 1 3 x 3

NM005310 GRB7 growth factor R band binding protein 4 12 x 3

NM000210 ITGAV* integrin alpha 6/CD51 4 8 x 2

NM004034 ANXA7* annexin 7 1 3 x 3

NM001355 DDT* D-dopachrome tautomerase 5 13 x 2

AJ251595 CD44* CD44 antigen 1 3 x 3

Other genes

NM005901 MADH2* Smad2 4 1.5 / 3

NM091106 RGS3 regulator of G-protein signaling 3 4 10 x 2.5

continued on the next page



playing a role in the development and invasion of bladder

cancer (42). TNF· and IFNÁ also increased CSNK2B (x2 and

x5, respectively), and its related protein, casein kinase 2B, can

play an anti-apoptotic role in tumorigenesis (43).

TNF· or IFNÁ also induce the expression of a great

number of genes that are essential regulators of the cell cycle

(CDK4, CDKN1A, CDC20, CCNB2). As a result, cyclin B2

(CCNB2) associated with cdc2 forms an active cyclin B/cdc2

complex necessary for G2/M progression. Moreover, cdk4

binds to cyclin D, forming an active complex necessary for

G1/S progression that can be inhibited by p21/waf1

(CDKN1A). Interestingly, in our experiments, IFNÁ

increased CDKN1A and decreased both CCNB2 and

CDC20. These observations correlated with the fact that

IFNÁ inhibited RT112 cell growth. However, the increase in

CDK4 gene expression, with peak expression in the G2- and

M-phases of the cell cycle, was also detected in both TNF·-

and IFNÁ-treated cells. Moreover, several transcription

factors that bind to the CDKN1A promoter region have

been identified including p53, STAT and CEBP. STAT and

CEBP were increased, whereas p53 was not, indicating that

CDKN1A could be induced independently of p53. It is also

possible that the increase in CDKN1A could be due either

to the post-transcriptional regulation or to the stabilization

of the mRNA (44). All these results suggest that low doses

of both TNF· and IFNÁ modulated mRNA expression of

the tumor marker. This could explain both the tumor

progression and the short survival of bladder cancer patients

with low response to BCG therapy (45). 

As well as the detection of genes involved in bladder tumor

progression, the correlation of the mRNA expressions with the

corresponding protein have been investigated. This was studied

using either immunological (protein expression) or zymographic

analysis (protein activity). For the tested molecules, mRNA and

protein levels did not correlate in all experiments. Our results

corroborate those already published (46, 47). Anderson et al.
showed a relatively poor correlation between mRNA and

protein levels in human liver (R=0.48) (46). However

Verhoeckx et al. found a correlation coefficient of 0.86 in the

U937 cell line growing in the presence of phorbol ester (PMA)

(47). Nevertheless, this correlation coefficient of 0.86, calculated

according to the method of Anderson et al., is biased by highly

abundant proteins and mRNAs. So, omitting this bias,

Verhoeckx found a correlation coefficient of 0.49, which is

similar to previously reported results. However, our results did

not corroborate those already published on bladder carcinoma

(48). These discrepancies could be explained by mRNA

expression being constitutive in the study of Orntoft et al. In our

experiments, mRNA expression was induced due to the effect

of TNF· or IFNÁ on the RT112 cells. Therefore, we

hypothesized that, in the bladder tumor, the post-transcriptional

regulation is functional in low-grade tumors, suggesting that

defects in the translation process could be one of the keys of

bladder tumorigenesis.

In conclusion, this study showed that, in bladder cancer

cells, low doses of both TNF· and IFNÁ may increase the

expression of mRNAs associated with the tumor progression

process. However, there was no correlation with protein

expression, suggesting that the non-invasive bladder tumor

cells can modulate the protein synthesis induced by

exogenously added cytokines. Taken together, these results

suggest a vital role for post-transcriptional regulation. To

confirm this, a proteomic analysis should be associated with

a cDNA microarray, and thus these new technologies will

take a central place in the understanding, diagnosis,

prognosis and treatment of bladder cancer. 
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GenBank Gene Protein Untreated IFNÁ Fold

accession no. name description increase

NM001958 EEF1A2 eukaryotic translation elongation factor 1 20 57 x 2.8

M10943 MT1F metallothionein 1F 5 18 x 3. 5

NM004103 PTK2B protein tyrosine kinase 2B 4 9  x 2

NM014302 SEC61G sec61 gamma 2 6 x 3

NM004753 SDR1 short-chain dehydrogenase/reductase 1 2 5 x 2.5

NM005534 IFNGR2* interferon gamma receptor 2 3 6 x 3

NM005195 CEBPD* KIAA0146 protein 2 10 x 5

NM004048 B2M Beta 2 microglobulin 22 250 x 12

NM004355 CD74 CD74 antigen 1 3 x 3

NM002038 G1P3 interferon alpha inducible protein 1 4 x 4

NM005101 ISG15 interferon-stimulated protein, 15kDa 1 12 x 12

NM 003418 ZNF9 zing finger protein 9 10 20 x 2

L 22342 IF141* interferon-induced protein 41 1 4 x 4

Legends: see Table II. *: Gene up-regulated by TNF· and IFNÁ.

Table III continued
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