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Inflammation and Urothelial Bladder Cancer: What we Need to
Known? (Review)
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Abstract: The association between inflammation and bladder cancer has been debated in several studies, highlighting
that inflammation may be a crucial component both in tumor development or progression. On the other hand, several
authors suggest that the presence of an inflammatory cell infiltrate within the urothelial bladder cancer is a good
prognostic predictor in terms of recurrence-free survival time. The question is: What is the prognostic role of
inflammation in patients affected by urothelial bladder cancer? On one hand, chronic inflammation should be considered
a risk factor in developing bladder cancer, as demonstrated by Schistosoma haematobium infection and, on the other
hand, the inflammation induced by the Bacillus Calmette-Guérin intravesical therapy has a protective effect on cancer
recurrence. Recently, some authors highlight that the presence of an inflammatory cell infiltrate within the urothelial
bladder cancer is a good prognostic predictor in terms of recurrence-free survival time, due to the host generating
angiogenic stimulation of a local inflammatory reaction against cancer. This is probably due to the angiogenetic
stimulation of a local inflammatory reaction generated by the host against superficial bladder cancer. However, the
debate is still open. This review will summarize recent data regarding inflammation and urothelial cell carcinoma, with
special emphasis on the role that the inflammatory response is likely to have on recurrence risk and progression in

superficial bladder cancer patients.
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1. INTRODUCTION AND EVIDENCE ACQUISITION

The association between inflammation and cancer
has been pointed in epidemiological and clinical
studies, showing that chronic inflammation may
contribute to carcinogenesis in several types of
malignancy, such as esophageal, pancreatic, and
gallbladder carcinomas [1-2]. There is not unanimity in
the current literature in the assessment the prognostic
role of inflammation in bladder cancer patients. Some
authors suggest that chronic inflammation should be
described as a cancer promoter, since tumor
inflammation reaction can facilitate the breakage of the
basement membrane, a process required for tumor
cells to migrate, invade and metastasize [3-4].
Contrariwise, some studies indicated that the presence
of an inflammatory cell infiltrate within the bladder
tumor is a good prognostic predictor in terms of
recurrence-free survival time, owing to the host
generating angiogenic stimulation of a local
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inflammatory reaction against cancer [5-6]. Moreover,
on one hand, chronic inflammation should be
considered a risk factor in developing bladder cancer,
as demonstrated by Schistosoma haematobium
infection and, on the other hand, the inflammation
induced by the Bacillus Calmette-Guérin (BCG)
intravesical therapy has a protective effect on cancer
recurrence [7-8]. Furthermore, a large variety of pro-
inflammatory cytokines, such as IL-6, TNF, COX-2,
VEGF and iNOS, are expressed by bladder cancer and
immune cells, bind to specific receptors and activate
distinct signal pathways to transcriptionally activate a
plethora of downstream factors [9-11]. The fact that an
inflammatory reaction occurs more frequently in
superficial rather than invasive carcinomas prompts the
hypothesis of a substantial deficiency in the host
immune response to muscle invading tumors. Here, we
aimed to summarize recent data regarding
inflammation and urothelial cell carcinoma, with special
emphasis on the role that the inflammatory response is
likely to have on recurrence risk and progression in
superficial bladder cancer patients. We conducted a
search of the English-language literature from 1960
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through December 2010 with use of the Medline
computerized database of the US National Library of
Medicine (http://www.ncbi.nlm.nih.gov/pubmed). The
Medline search has been carried-out by using the
following Medical Subject Headings and free text
terms: inflammation and bladder neoplasms (exploded)
were combined with the terms prognosis, recurrence,
progression, outcome and then limited to humans and
male. Moreover, we searched reference lists of articles
to identify potential additional references. All original
paper and review studies on bladder cancer have been
considered for this review. We considered also
guidelines from the National Institute for Health and
Clinical Excellence, the European Association of
Urology and the American Urological Association
recommendation on bladder cancer. From an initial
literature search with 81 unique citations, a total of 40
articles were selected for the present review. A
matched research between inflammation and bladder
cancer (exploded) and outcome and/or recurrence
and/ore progression has found 36 articles.

2. STARTING FROM CLINICAL EVIDENCE

Epidemiological data suggest that infection and
chronic inflammation have been recognized as
important risk factors for carcinogenesis and
malignancies and approximately 18% of cancer cases
worldwide are attributable to infectious diseases
caused by bacteria, viruses, and parasites [12]. On the
other hand, several studies have shown that tumor is
potentially immunogenic and that the host immune
response influences survival [1]. It has emerged that
bladder carcinoma is a particularly good example of
immune-associated cancer. In 1979, Mihatsch et al.
found that patients with invasive bladder carcinoma
reported a significantly better 1l-year survival when
lymphocytes, plasma cells and/or lymph follicles were
present in the tumors [13]. The Authors, for the first
time, highlighted the significant prognostic value of
lympho-plasmocytic inflammation as local expression
of immunological host resistance [13]. From this
evidence, a new research field has been raised: the
prognostic role of tumor-associated inflammation.

The new field of research has been based of two
scientific backgrounds:

- the reported effect of Coley’s toxin on cancer
[14]

- the anti-tumor effects of inflammation by
inducing a local immune response to Bacillus of

Calmette and Guerin instillations into the bladder
in patients with urothelial tumours, due to the
massive influx of cytokines and inflammatory
cells into the bladder mucosa [15-16].

Coley WB in 1891, for the first time, injected
streptococcal organisms into a patient with inoperable
cancer with success. He thought that the infection he
produced would have the side effect of shrinking the
malignant tumor [14]. This was the first example of
immunotherapy against cancer. Moreover, the fact that
inflammation plays a primary role in host reaction to the
tumor has also been widely emphasized in other
neoplasms, such as colon or stomach cancer [17-18].
In stomach cancer, particularly, natural killer (NK) cell
activity has been identified as an independent
parameter of good prognosis, in patients undergoing
gastric resection [18], due to the natural cytotoxicity,
mediated by NK cells, inhibiting cancer cell growth [18].

3. CLINICAL EVIDENCE IN BLADDER CANCERS

The role of immune mechanisms in the
pathogenesis and spread of bladder cancer has been
debated for many years. Several authors found that
tumor-associated cell infiltration was associated with
good prognosis in patients with non-muscle invasive
bladder cancer (NMIBC) [3-4]. Offersen et al.
demonstrated an independent prognostic value of
intense inflammation in predicting favorable outcome in
patients affected by muscle invasive urothelial
carcinoma, highlighting that host generates a local
response against bladder cancer, in terms of
inflammatory reaction, modifying tumor natural history
and its clinical behavior [19]. Moreover, Flamm
demonstrated in a cohort of patients with primary
NMIBC that patients with an inflammatory reaction in
their tumor experienced significantly fewer recurrences
and cancer-related deaths compared to those with
tumors without inflammation [3]. On the other hand,
Lipponen et al. found that CD3+ T cells in NMIBC
predicted the progression of tumors and the related
short recurrence-free survival [5]. The same results
have been reported by Krpina et al. that found
differences in the number of tumor infiltrating
lymphocytes (TILs) between the group of patients with
recurrence and the group of patients without
recurrence at the time of initial transurethral resection
of bladder tumors [6]. Particularly, they found
significantly fewer infiltrating CD3+ and CD8+ T cells in
sample of NMIBC from patients without recurrence
than those with recurrence, highlighting that that CD3+
T cells in NMIBC predicted the progression of tumors



Inflammation and Bladder Cancer (Review Article)

Journal of Analytical Oncology, 2015, Vol. 4, No. 2 77

and the related short recurrence-free survival [6]. The
authors hypothesized that poor prognosis related to the
presence of TILs may be due to the inhibitory
mediators released by the tumor cells [5-6]. These
results are in contrast to the findings obtained by other
authors, who reported good prognosis for the patients
with higher number of TILs, such as Tsujihashi et al.
that highlight the role of local immunosurveillance
directed against bladder tumors [20]. There are, then,
different literature findings regarding prognostic
significance of tumor infiltrating lymphocytes. As
suggested by Krpina et al. these different literature
findings can been explained by heterogeneity of the
analyzed bladder cancers (NMBIC and muscle-invasive
ones) or by the use of different methodologies for TILs
guantification and the lack of a different T cell subtypes
analysis [6].

4. FROM THE BENCH TO THE BEDSIDE

Several authors suggested that Vascular
Endothelial Growth Factor (VEGF) probably mediates
the link between tumor-associated inflammatory
infiltration and good prognosis in bladder cancer,
highlighting the role of activated polymorphonuclear
cells (PMNSs), founded in TILs, can release VEGF from
intracellular stores and thereby stimulate angiogenesis
[21]. In particular, Bartoletti demonstrated that a strong
correlation between peritumoral neoangiogenesis and
improved survival in non muscele-invasive urothelial
carcinoma [11]. They highlighted that this correlation
may be due to the angiogenetic stimulation of a local
inflammatory reaction generated by the host against
superficial bladder cancer [11]. The activation of PMNs
with consequent releasing of VEGF and angiogenesis
stimulation, should be considered the key of the
comprehension of the mechanism of good prognostic
impact of inflammation in bladder cancer [6].

Two important fields should be discussed in order to
understand it:

- the characterization and role of lymphocytic
infiltrate that could represent a specific response
by the host against the tumor.

- the role of PMNs, VEGF and angiogenesis.

5. ROLE OF PERI-TUMOURAL LYMPHOCYTIC
INFILTRATE

The predominant inflammatory cell types found in
bladder cancers were lymphocytes and plasma cells
reflecting a chronic inflammatory response to the
tumor. However, several Authors encountered a high

frequency of polymorphonuclear cells (PMN) reflecting
signs of acute inflammation. Here, we have to discuss
the role of tumor-associated inflammatory cells and if
there is a different impact of chronic or acute
inflammatory response to the tumor. It is well known
that adjuvant therapy with BCG instillation reduce the
recurrence rate by stimulating a local inflammatory
response [15-16, 22]. Several studies highlighted the
importance of the local inflammatory response, which is
characterized by an influx of leukocyte subpopulations,
such as granulocytes, CD4 and CD8 T cells and NK
cells, and granuloma formation [23]. Moreover,
cytokines released by BCG stimulation and considered
significant for the antineoplasic response are
essentially those related to Thl (IL-12, IL-2, TNF-a and
IFN-y), while a BCG inhibitory effect is related to the
Th2 (IL-10) response [24]. Furthermore, some authors
focused their attention on IL-10. IL-10 seems a
suppressor of TNF-a synthesis and a potent anti-
inflammatory cytokine that is present at the sites of
tumors in a wide variety of human cancers, including
transitional cell carcinoma of the bladder [24]. Cai et
al., recently, demonstrated that IL-6 and IL-10 have an
important role in regulating the host immune-response
against the bladder cancer and the IL-6/IL-10 ratio
should be considered as an independent prognostic
factor in predicting recurrence in urothelial bladder
cancer patients [22]. IL-6 has a fundamental role in
support of systemic host response to tissue injury [25-
26]. Mulé et al. have described an anti-tumor effect of
IL-6 in mouse lung cancer, confirming that induction of
host immunological response is probably central in
reaction against cancer [27]. On the other hand,
several studies have demonstrated that IL-10 has the
physiological role of down-regulating cell-mediated
immunity, resulting in an improvement of tumor
immune escape [28]. Recently, Nadler et al. have
reported that IL-10 is an important modulator of
immune mediated events in vivo and suggest that
efforts to down-modulate this inhibitory cytokine may
be of therapeutic value [29]. The fact that IL-6/IL-10 is a
good prognostic marker that should be used in clinical
practice was based on the following reasons: 1) High
IL-10 level, with IL-6/IL-10 decreasing, should be an
expression of tumour immunosuppressive action that
eliminates the ability of immunocompetent cells to
respond to the tumour [28]. 2) IL-10 was reported as a
promoter of an immune deregulation, with an
enhancement of Th2 cells [29]. Indeed, patients with
bladder cancer seem to develop a Th2 dominant status
with a deficient type immune response due to an
increase in IL-10 levels [29]. The demonstrated
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immune deregulation should be proved by an altered
IL-6/IL-10. 3) The fact that a decrease of IL-6 levels
and an enhancement of IL-10 levels are a
demonstration of an altered host immune response to
the tumor, is well confirmed by cell activation due to the
Bacillus Calmette-Guerin (BCG) [28]. Production of
immunosuppressive IL-10 during BCG therapy reduces
inflammation and the anticancer response [24]. In
addition, the fact that IL-6 and IL-10 are promoters of
two different immune response pathways, such as Thl
and Th2 [8], is an evaluation of host immunological
response type to the tumor. Zhang et al. have
demonstrated induction of cytokine production by BCG,
particularly IL-6 [30]. Recently, Luo and co-workers
have shown the inhibitory role of IL-10 in BCG-induced
macrophage cytotoxicity, suggesting that blockage of
IL-10 may potentially enhance the effect of BCG in the
treatment of bladder cancer patients [31]. Chen has
demonstrated that BCG increases IL-6 messenger
RNA and protein in a time- and dose-dependent
manner via an immediate early pathway [32]. On the
other hand, several authors highlighted the role of other
cytokines in the BCG response, such as IL-2.
Particularly, De Boer et al. demonstrated that mean IL-
2 concentration increased rapidly from the second BCG
instillation, suggesting that activation of BCG-specific T
cells was indicated by the detection of IL-2 [33].
Watanabe et al., moreover, concluded that urinary IL-2
at the eighth instillation of BCG might serve as a
valuable prognostic factor of treatment efficacy as well
as tumor recurrence after treatment [34].

6. ROLE OF PMNs, VEGF AND ANGIOGENESIS

Many studies have demonstrated that angiogenesis
could be considered a prognostic factor in bladder
cancer. Most highlighted a correlation between
increased vascularization and poor clinical outcome
[35]. However, several studies on other neoplasms
demonstrated the relation of angiogenesis to survival
improvement [36]. VEGF, iINOS and COX-2 are
angiogenetic factors, likewise inflammatory cytochines.
VEGF is produced by serological or cellular stimulation.
Upregulation of iINOS expression induced by IFN-y
after BCG (Bacillus of Camette and Guerin) instillations
into the bladder was demonstrated [37]. COX-2 is not
expressed by normal vesical tissue but it can be find as
angiogenetic factor in bladder cancer like in other
neoplasms [38]. A significant COX-2 expression was
found in tumor infiltrating cells, in neoplastic cells, in
endothelial cells and in fibroblastic cells. Bol et al.
recently described a lower frequency of skin tumor in
transgenic mice with COX-2 overexpression following

exposure to carcinogens [39]. Bartoletti et al. found a
directly proportional increase in VEGF expression and
MVD compared to a better prognosis, demonstrating a
strong correlation between peritumoral
neoangiogenesis and improved survival in NMIBC [11].
This correlation may be due to the angiogenetic
stimulation of a local inflammatory reaction generated
by the host against superficial bladder cancer, as
suggested by Offersen at al. [19]. Those results confirm
that  angiogenetics  citokine  expression  and
inflammation cells inside and around the tumour could
be considered a good prognostic factor. In fact, it is
probably due to the tumor—host interaction, mediated
by angiogenetic cytokines, that has effects on tumour
progression by preventing tumour development. In
particular, IL-2 is a cytokine described to promote
activated T-cell proliferation with an important impact
on patient’'s outcome and survival.

7. CONCLUSION AND FUTURE DIRECTIONS

This review provides a summary of the currently
available knowledge about the role of inflammatory
reaction in non-muscle invasive bladder cancer. Even if
BCG has been shown to reduce the risk of tumor
progression and recurrence risk rate, significant
proportions of patients do not respond to BCG therapy
and 30% to 50% of initial responders have relapse
within the first five years [40-41]. Preliminary clinical
studies showed no convincing results in terms of
recurrence-free rate by using combination therapy with
IFN-a plus low dose BCG or |IL-2 [42-43],
demonstrating that the comprehension of tumor
associate inflammatory response could be the key of
improve the treatment of patients affected by NMIBC.
Although several evidences have been reported about
the prognostic role of inflammation and its molecular
mediators in patients affected by bladder cancer, the
potential of therapies that can modulate the
inflammatory tissue against the tumor will likely pave
the way for the fight against bladder cancer and
promote the development of personalized therapy for
early diagnosis and treatment of cancer.

ACKNOWLEDGEMENTS

We are grateful to Professor George Losacco Curtis
Lane for manuscript language revision. No conflicts of
interest were declared.

REFERENCES

[1] Talmadge JE, Donkor M, Scholar E. Inflammatory cell
infiltration of tumors: Jekyll or Hyde. Cancer Metastasis Rev
2007; 26: 373-400.
http://dx.doi.org/10.1007/s10555-007-9072-0




Inflammation and Bladder Cancer (Review Article)

Journal of Analytical Oncology, 2015, Vol. 4, No. 2 79

(2

(31

(4

(5]

6l

[

8l

19

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

Pages F, Berger A, Camus M, Sanchez-Cabo F, Costes A,
Molidor R, et al. Effector memory T cells, early metastasis,
and survival in colorectal cancer. N Engl J Med 2005; 353:
2654-66.

http://dx.doi.org/10.1056/NEJMoa051424

Flamm J. Tumor-associated tissue inflammatory reaction and
eosinophilia in primary superficial bladder cancer. Urology
1992; 40: 180-185.
http://dx.doi.org/10.1016/0090-4295(92)90524-Z

Cai T, Nesi G, Boddi V, Mazzoli S, Dal Canto M, Bartoletti R.
Prognostic role of the tumor-associated tissue inflammatory
reaction in transitional bladder cell carcinoma. Oncol Rep
2006; 16(2): 329-34.

http://dx.doi.org/10.3892/0r.16.2.329

Lipponen PK, Eskelinen MJ, Jauhiainen K, Harju E, Terho R.
Tumour infiltrating lymphocytes as an independent
prognostic factor in transitional cell bladder cancer. Eur J
Cancer 1992; 29A: 69-75.

Krpina K, Babarovi¢ E, Dordevi¢ G, Fuckar Z, Jonji¢ N. The
association between the recurrence of solitary non-muscle
invasive bladder cancer and tumor infiltrating lymphocytes.
Croat Med J 2012; 53(6): 598-604.
http://dx.doi.org/10.3325/cmj.2012.53.598

Rosin MP, Anwar WA, Ward AJ. Inflammation, chromosomal
instability, and cancer: the schistosomiasis model. Cancer
Res 1994; 54(7 Suppl): 1929s-1933s.

Suttmann H, Jacobsen M, Reiss K, Jocham D, Bohle A,
Brandau S. Mechanisms of bacillus Calmette-Guerin
mediated natural killer cell activation. J Urol 2004; 172(4 Pt
1): 1490-5.
http://dx.doi.org/10.1097/01.ju.0000131944.52354.63
McCourt M, Wang JH, Sookhai S, Redmond HP.
Proinflammatory mediators stimulate neutrophil-directed
angiogenesis. Arch Surg 1999; 134: 1325-1331.
http://dx.doi.org/10.1001/archsurg.134.12.1325

Zhang Y, Mahendran R, Yap LL, Esuvaranathan K, Khoo
HE. The signalling pathway for BCG-induced interleukin-6
production in human bladder cancer cells. Biochem
Pharmacol 2002; 63(2): 273-82.
http://dx.doi.org/10.1016/S0006-2952(01)00831-0

Bartoletti R, Cai T, Nesi G, Sardi I, Rizzo M. Qualitative and
quantitative analysis of angiogenetic factors in transitional
cell bladder carcinoma: relationship with clinical course at 10
years follow-up. Oncol Rep 2005; 14(1): 251-5.

Ohnishi S, Ma N, Thanan R, Pinlaor S, Hammam O, Murata
M, Kawanishi S. DNA damage in inflammation-related
carcinogenesis and cancer stem cells. Oxid Med Cell Longev
2013; 2013: 387014.

http://dx.doi.org/10.1155/2013/387014

Mihatsch MJ, Rist M, Romppanen T, Rutishauser G.
Prognostic significance of peritumoural inflammation in
invasive urothelial bladder carcinoma. Urol Res 1979; 7(2):
97-102.

http://dx.doi.org/10.1007/BF00254688

Coley WB. The treatment of malignant tumors by repeated
inoculations of erysipelas - with a report of ten original cases.
Am J Med Sci 1893; 105: 487-511.
http://dx.doi.org/10.1097/00000441-189305000-00001

Morales A, Eidinger D, Bruce AW. Intracavitary Bacillus
Calmette-Guerin in the treatment of superficial bladder
tumors. J Urol 1976; 116(2): 180-3.

Bohle A, Bock PR. Intravesical bacillus Calmette-Guerin
versus mitomycin C in superficial bladder cancer: formal
meta-analysis of comparative studies on tumour progression.
Urology 2004; 63: 682-6.
http://dx.doi.org/10.1016/j.urology.2003.11.049

Kavanaugh DY, Carbone DP. Immunologic dysfunction in
cancer. Hematol Oncol Clin North Am 1996; 10: 927-951.
http://dx.doi.org/10.1016/S0889-8588(05)70376-2

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

Takeuchi H, Maehara Y, Tokunaga E, Koga T, Kakeji Y,
Sugimachi K. Prognostic significance of natural killer cell
activity in patients with gastric carcinoma: a multivariate
analysis. Am J Gastroenterol 2001; 96: 574-578.
http://dx.doi.org/10.1111/j.1572-0241.2001.03535.x

Offersen BV, Knap MM, Marcussen N, Horsman MR,
Hamilton-Dutoit S, Overgaard J. Intense inflammation in
bladder carcinoma is associated with angiogenesis and
indicates good prognosis. Br J Cancer 2002; 87(12): 1422-
30.

http://dx.doi.org/10.1038/s].bjc.6600615

Tsujihashi H, Matsuda H, Uejima S, Akiyama T, Kurita T.
Immunocompetence of tissue infiltrating lymphocytes in
bladder tumors. J Urol 1988; 140: 890-4.

McCourt M, Wang JH, Sookhai S, Redmond HP.
Proinflammatory mediators stimulate neutrophil-directed
angiogenesis. Arch Surg 1999; 134: 1325-1331.
http://dx.doi.org/10.1001/archsurg.134.12.1325

Cai T, Nesi G, Mazzoli S, Meacci F, Tinacci G, Luciani LG,
Ficarra V, Malossini G, Bartoletti R. Prediction of response to
bacillus Calmette-Guérin treatment in non-muscle invasive
bladder cancer patients through interleukin-6 and interleukin-
10 ratio. Exp Ther Med 2012; 4(3): 459-464.

Chade DC, Borra RC, Nascimento IP, Villanova FE, Leite LC,
Andrade E, Srougi M, Ramos KL, Andrade PM.
Immunomodulatory effects of recombinant BCG expressing
pertussis toxin on TNF-alpha and IL-10 in a bladder cancer
model. J Exp Clin Cancer Res 2008; 27: 78.
http://dx.doi.org/10.1186/1756-9966-27-78

Agarwal Al, Verma S, Burra U, Murthy NS, Mohanty NK,
Saxena S. Flow cytometric analysis of Thl and Th2
cytokines in PBMCs as a parameter of immunological
dysfunction in patients of superficial transitional cell
carcinoma of bladder. Cancer Immunol Immunother 2006;
55: 734-743.

http://dx.doi.org/10.1007/s00262-005-0045-2

Barton BE. Interleukin-6 and new strategies for the treatment
of cancer, hyperproliferative diseases and paraneoplastic
syndromes. Expert Opin Ther Targets 2005; 9(4): 737-52.
http://dx.doi.org/10.1517/14728222.9.4.737

Seguchi T, Yokokawa K, Sugao H, Nakano E, Sonoda T,
Okuyama A. Interleukin-6 activity in urine and serum in
patients with bladder carcinoma. J Urol 1992; 148(3): 791-4.

Mulé JJ, Mcintosh JK, Jablons DM, Rosenberg SA.
Antitumor activity of recombinant interleukin 6 in mice. J Exp
Med 1990; 171(3): 629-36.
http://dx.doi.org/10.1084/jem.171.3.629

Sabat R, Asadullah K. Interleukin-10 in cancer immunity, in
Cancer Immune Therapy: Experiences and Future Strategies
(Stuhler G and Walden P eds), Wiley-VCH Verlag GmbH,
Weinheim, German) 2002.

Nadler R, Luo Y, Zhao W, Ritchey JK, Austin JC, Cohen MB,
et al. Interleukin 10 induced augmentation of delayed-type
hypersensitivity (DTH) enhances Mycobacterium bovis
bacillus Calmette-Guerin (BCG) mediated antitumour activity.
Clin Exp Immunol 2003; 131(2): 206-16.
http://dx.doi.org/10.1046/].1365-2249.2003.02071.x

Zhang Y, Mahendran R, Yap LL, Esuvaranathan K, Khoo
HE. The signalling pathway for BCG-induced interleukin-6
production in human bladder cancer cells. Biochem
Pharmacol 2002; 63(2): 273-82.
http://dx.doi.org/10.1016/S0006-2952(01)00831-0

Luo Y, Han R, Evanoff DP, Chen X. Interleukin-10 inhibits
Mycobacterium bovis bacillus Calmette-Guérin (BCG)-
induced macrophage cytotoxicity against bladder cancer
cells. Clin Exp Immunol 2010; 160(3): 359-68.
http://dx.doi.org/10.1111/j.1365-2249.2010.04105.x

Chen FH, Crist SA, Zhang GJ, Ilwamoto Y, See WA.
Interleukin-6 production by human bladder tumor cell lines is




80 Journal of Analytical Oncology, 2015, Vol. 4, No. 2

Cai et al.

(33]

[34]

(35]

(36]

(37]

up-regulated by bacillus Calmette-Guérin through nuclear
factor-kappaB and Ap-1 via an immediate early pathway. J
Urol 2002; 168(2): 786-97.
http://dx.doi.org/10.1016/S0022-5347(05)64745-3

De Boer EC, De Jong WH, Steerenberg PA, Aarden LA,
Tetteroo E, De Groot ER, Van der Meijden AP, Vegt PD,
Debruyne FM, Ruitenberg EJ. Induction of urinary interleukin-
1 (IL-1), IL-2, IL-6, and tumour necrosis factor during
intravesical immunotherapy with bacillus Calmette-Guérin in
superficial bladder cancer. Cancer Immunol Immunother
1992; 34(5): 306-12.

http://dx.doi.org/10.1007/BF01741551

Watanabe E, Matsuyama H, Matsuda K, Ohmi C, Tei Y,
Yoshihiro S, Ohmoto Y, Naito K. Urinary interleukin-2 may
predict clinical outcome of intravesical bacillus Calmette-
Guérin immunotherapy for carcinoma in situ of the bladder.
Cancer Immunol Immunother 2003; 52(8): 481-6.
http://dx.doi.org/10.1007/s00262-003-0384-9

Dickinson AJ, Fox SB, Persad RA, Hollery J, Sibley GN,
Harris AL. Quantification of angiogenesis is an indipendent
predictor of prognosis in invasive bladder carcinomas. BJU
1994; 74: 762-766.
http://dx.doi.org/10.1111/j.1464-410X.1994.tb07122.x

Weidner N, Carroll PR, Flax J, Blumenfeld W, Folkman J.
Tumor angiogenesis correlates with metastasis in invasive
prostate carcinoma. Am J Pathol 1993; 143(2): 401-9.

Barrera LF, Kramnik I, Skamene E, Radzioch D. Nitrite
production by macrophages derived from BCG-resistant and
-susceptible congenic mouse strains in response to IFN-
gamma and infection with BCG. Immunology 1994; 82(3):
457-64.

(38]

(39]

[40]

[41]

[42]

[43]

Yoshimura R, Sano H, Mitsuhashi M, Kohno M, Chargui J,
Wada S. Expression of cyclooxygenase-2 in patiens with
bladder carcinoma. J Urol 2001; 165: 1468-1472.
http://dx.doi.org/10.1016/S0022-5347(05)66329-X

Bol DK, Rowley RB, Ho CP, Pilz B, Dell J, Swerdel M.
Cyclooxygenase-2 overexpression in the skin of transgenic
mice results in suppression of tumor development. Cancer
Res 2002; 62(9): 2516-21.

Lamm DL, Griffith JG. Intravesical therapy: does it affect the
natural history of superficial bladder cancer? Semin Urol
1992; 10(1): 39-44.

Xiao Z, Hanel E, Mak A, Moore RB. Antitumor Efficacy of
Intravesical BCG, Gemcitabine, Interferon-a and Interleukin-2
as Mono- or Combination-Therapy for Bladder Cancer in an
Orthotopic Tumor Model. Clin Med Insights Oncol 2011; 5:
315-323.

http://dx.doi.org/10.4137/CMO.S7658

O'Donnell MA, Lilli K, Leopold C. National Bacillus Calmette-
Guerin/Interferon Phase 2 Investigator Group. Interim results
from a national multicenter phase Il trial of combination
bacillus Calmette-Guerin plus interferon alfa-2b for superficial
bladder cancer. J Urol 2004; 172(3): 888-93.
http://dx.doi.org/10.1097/01.ju.0000136446.37840.0a

Horiguchi Y, Larchian WA, Kaplinsky R, Fair WR, Heston
WD. Intravesical liposome-mediated interleukin-2 gene
therapy in orthotopic murine bladder cancer model. Gene
Ther 2000; 7: 844-51.

http://dx.doi.org/10.1038/sj.qt.3301157

Received on 09-04-2015

http://dx.doi.org/10.6000/1927-7229.2015.04.02.3

Accepted on 21-04-2015

Published on 13-05-2015





