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Bladder cancer (BC) is one of the most widespread cancers

distressing men and women and thus has a philosophical

impact on health care. An extensive variability in the

occurrence of BC reflects its multifactorial with polygenic

etiology. Numerous risk factors including lifestyle, occu-

pations, dietary factors, drugs, urologic pathologies, family

history, and genetic variants play a significant role in the

pathogenesis of BC [1]. BC is now recognized as a disease

of alterations in several cellular processes. The more pre-

valent, less aggressive, recurrent, noninvasive tumors are

characterized by constitutive activation more aggressive

invasive tumors, which have a higher mortality rate, are

characterized by alterations in the p53 and retinoblastoma

pathways [2]. Several diagnostic tests have attempted to

identify these molecular alterations in bladder tumor cells

exfoliated in the urine, whereas prognostic tests have tried

to identify aberrations so as to predict tumor behavior and

identify therapeutic targets.

The future of BC patient management would rely on the

use of molecular tests to diagnose the presence of disease,

predict individual tumor behavior, and suggest potential

targeted therapeutics and follow-up regime

Cytokine Gene Variants and its Association

with Bladder Cancer after BCG Therapy

BCG remains the most effective intravesical treatment in

non-muscle-invasive bladder cancer (NMIBC) from last

three decades. Although the exact mechanisms through

which BCG mediates anti-tumor immunity remain unclear,

a local nonspecific immune reaction reflecting various

activities of immune cells and cytokines has been pro-

posed. Genes encoding cytokines and related molecules

harbor polymorphic regions, which alter gene transcription

and thereby influence inflammatory processes. Thus, spe-

cific immunomodulatory gene polymorphism associated

with gene regulation and protein expression may influence

genetic susceptibility and clinical outcome of a number of

diseases states, such as malignancy [3].

Pro- and Anti-inflammatory Cytokines Gene Variants

and their Correlation with BCG Response

Interleukin-1 (IL-1) family is a key immunoregulatory

cytokine and participates in several immuno-mediated

diseases. IL-1a and IL-1b are potent pro-inflammatory

cytokines, while IL-1Ra as anti-inflammatory cytokine

competes with IL-1a and IL-1b in binding to IL-1 receptor

and down-regulates the immune response and inflamma-

tion. [4]. IL-1 in association with other pro-inflammatory

cytokines (TNFa) provides survival signals to malignant

cells via activating NF-jB transcription factor [5] We

investigated the association of IL-1 family gene variants

with increased risk of developing bladder cancer and

reported the significant association of IL-1Ra with BC [6].

Based on our preliminary report, it may be very informa-

tive to study the significance of BCG therapy response with

IL-1 gene variants in different populations. TNF-a is one of

the major mediators of inflammation and has been linked

to all steps involved in tumorigenesis, including cellular

transformation, promotion, survival, proliferation, inva-

sion, angiogenesis, and metastasis [7].Tumor cells secrete
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their own TNF-a in anticrime manner which further

enhance the expression of other growth factors such as

transforming growth factor-alpha (TGF-a) and epidermal

growth factor receptor (EGFR), both of which mediate

proliferation [8]. In an attempt to monitor the immuno-

logical effects of BCG therapy, Bohle et al. [9] analyzed

the urine of patients following the sixth intravesical

instillation. Within 24 h following the instillation, all

patients exhibited a strong increase in urinary TNF secre-

tion, which was significantly different from the control

group. We already reported the significant association of

TNF gene variants in different diseases [10, 11], but there is

no report with respect to BC. On the basis of the previous

reports which indicated positive correlation of TNF secre-

tion and BCG therapy, further studies may be warranted in

different cohorts with respect to TNF gene variants and BCG

therapy which may give better insight for understanding its

mechanism.

TGF-b is a potent inhibitor of proliferation in epithelial

cells and acts as a tumor suppressor [12]. Additionally,

continuous expression of TGF-b by cancerous cells helps

cancer to progress further [13]. Sharif-Afshar et al. [14]

suggested a role of stromal TGF-b signaling with estrogens

and androgens in bladder fibrosis. In a study, urine exam-

ination by immunoelectron microscopic and immunocyto-

chemical techniques revealed a significant boost in the

percentage of BC cases expressing TGF-b protein. How-

ever, [15] in a case–control study reported no association of

TGF-b ?869 polymorphism with BC susceptibility. Inter-

estingly, TGF-b TT genotype carriers were observed to

be associated with reduced (hazard ratio (HR) 0.37) and

enhanced (HR 2.24) risk of recurrence after BC immuno-

therapy, respectively [16].

Interleukin-4 is a key cytokine that induces the acti-

vation and differentiation of B cells, and the development

of the Th2 subset of lymphocytes. Th2 cytokines such as

IL-4, IL-6, and IL-10 primarily support antibody pro-

duction, and many studies have confirmed that patients

with cancer have high levels of such cytokines in their

serum [17]. Interleukin-4 also inhibits macrophage acti-

vation and might be involved in cancer formation. Many

studies have confirmed that cancer patients have high

levels of Th2 cytokines such as IL-10 and IL-6 including

IL-4 [18]. There is also a transient increase in IL-4 levels

in the urine of BC patients within 24 h after instillation of

BCG [19]. But on the other hand IL-4 level was signifi-

cantly reduced in BC patients after instillation of com-

bination immunotherapy [20]. Studies from our group

reported no association of BC risk and BCG therapy with

polymorphism in IL-4 intron3 [21]. However, more

studies in larger cohort need to be done to explore the

exact mechanism and correlation of IL-4 gene with BCG

therapy in BC patients.

In the genitourinary system, IL-6 may transform uro-

thelial cells and provide selective growth advantage to

urothelial cancerous cells [22]. In vitro study demonstrated

that urothelial malignant cells secrete a large amount of

IL-6 compared to normal urothelium, and the addition of

anti-IL-6 antibody and antisense oligonucleotide signifi-

cantly reduced cancerous cell growth [23]. Simultaneously,

significant elevated levels of IL-6 were reported in urine of

UBC patients [24]. Cardillo et al. [25] reported by

immuno-histochemistry expression that high-grade and

muscle-invasive bladder tumors contained significantly

higher levels of IL-6 proteins. The possible relationship

between BCG internalization and IL-6 up-regulation was

studied using T24 bladder cancer cell line who observed up

regulation of IL-6 synthesis to be inhibited by aBCG of IL-

6 production due to BCG internalization by poorly differ-

entiated bladder carcinoma cells may be part of the mode

of action of intravesical BCG therapy. BCG induces cAMP

production and may regulate interleukin-6 expression par-

tially via a cAMP-dependent pathway in human bladder

cancer cells [26]. Since 174 G [ C polymorphism of IL-6

is functionally active, many groups studied its association

with BC including ours [21]; [27].

IL-10 is an important immunoregulatory cytokine with

pleiotropic effects. It is produced by many activated

immune cell types, including T helper (Th2) cells, B cells,

macrophages, monocytes, and keratinocytes [28]. It limits

inflammation and modulates immune response by inhibit-

ing the production of various pro-inflammatory and Th1

cytokines and blocking the expression of MHC class II and

co-stimulatory molecules on the surface of antigen-pre-

senting cells [29–30]. Inhibitory role of IL-10 in BCG-

induced macrophage cytotoxicity suggests that blockage of

IL-10 may potentially enhance the effect of BCG in the

treatment for bladder cancer patients [31]. We suggested

that the low-producing genotypes of IL-10 (C-819T and

G-1082A) polymorphisms are associated with increased

BC risk. Individuals with (C-819T) TT genotype and T

carriers, however, showed a protective association with

high-risk tumors [16]. IFN-c is a pro-inflammatory cyto-

kine that promotes allo-immune responses by enhancing

lymphocyte function, stimulating expression of adhesion

molecules, and up-regulating MHC class-I and MHC class-

II expression IFN-c is secreted by subsets of activated

CD4? and CD8? T cells as well as activated natural killer

(NK) cells and exerts its enormous variety of effects via a

specific IFN-c receptor. IFN-c is a potent BCG enhancer

that polarizes the BCG-induced immune response toward

the cellular immune pathway by promoting Th1 cytokine

expression and reducing Th2 cytokine expression [32]. [33]

showed anti-proliferative activity of IFN gamma in SBC.

Interferon-gamma has also shown inhibitory effect on the

growth of three human BC cell lines, RT4, RT112, and
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MGH-U1, representing tumor grades 1, 2 and 3, respec-

tively. In our study, increased risk was observed with the

IFN-G ?874 A allele (OR 1.78). IFN-c ?874 A carriers

were associated with enhanced (HR 2.24) risk of recur-

rence after BCG immunotherapy, respectively [16]. In

summary, all the cytokines are key immune mediators and

play an important role in inflammation-induced cancers

including BC. Cytokine gene variants have been shown to

account for differences in inter-individual variability for

various cancers including BC. The collective influence of

several cytokines could influence immune responses as

complex as those underlying cancer initiation and modified

response to therapeutics. Ethnic differences in cytokine

gene variants correlate with varied population-based risk of

BC. With the recent knowledge on cytokine gene variants,

the potential value of its effect on recurrence/progression

of BC could be implicated for the management of long-

term recurrence-free survival.

Mechanism in BCG Immunotherapy in Bladder Cancer

BCG has now been well established to delay the recurrence

of high-risk (high-grade, large, multiple, and recurrent

tumors) non-muscle-invasive bladder tumors. Though the

precise sequential events in the immunological response

elicited after BCG instillation are ambiguous yet, the

possible sequence may be as follows. After Instillation,

BCG get internalized to urothelial cells via Fibronectin

protein This results in the induction of chemokines such as

IL-8 and inflammatory cytokines and up-regulation of

adhesion molecule expression [34]. Simultaneously, a

plethora of cytokines including granulocyte–macrophage

colony-stimulating factor, TNF-a IFN-c IL-6, IL-2, IL-5,

and IL-12 have been detected in the urine of patients after

the BCG immunotherapy [20]. These secreted cytokines

suggest that BCG predominantly produces T helper type 1

(Th1) immune response in patients and ultimately activates

cytotoxic T cells (CD8?), macrophages, and natural killer

cells (NK cells) against tumor cells [34]; Hence, it is clear

that BCG basically strengthens body’s immune response

via enhancing Th1 cytokine production (IFN-c TNF-a etc.),

to combat recurrence of tumor. Another emerging therapy

in BC with great clinical potential is retinoic acid treat-

ment. This again utilizes cytokines like VEGF and TGF-b
to reduce risk of recurrence. The reduced rate of recurrence

and increased survival time after retinoic acid treatment has

been reported [35]. Thus, cytokines are crucial players in

the mechanism of BCG action, and inter-individual vari-

ability in these cytokine expressions may modify clinical

outcome of BCG treatment.

These rationales urged researchers to explore the

association of cytokine gene polymorphisms with clinical

outcome after BCG immunotherapy in different ethnic

regions. Since, these polymorphisms ultimately affect

protein activity/levels, many researchers tried to correlate

cytokine levels in urine or serum with chance of recurrence

and progression. Numerous studies have confirmed the

presence of a large variety of cytokines in urine and serum

after intravesical BCG instillation, including IL-1, IL-2,

IL-6, IL-8, IL-10, IL-12, TNF-a and IFN-c [34, 36]. Most

of these cytokines are involved in initiation and strength-

ening Th1 of immune response. As discussed above, these

cytokines strengthen cell-mediated immunity against tumor.

The drastic increase in urinary levels of IFN-c and other Th1

cytokines (IL-2 and TNF) is associated with longer recur-

rence-free survival, whereas higher levels of Th2 cytokines

(IL-10) are associated with BCG failure [36]. Therefore,

polymorphisms affecting the Th1/Th2 balance may deter-

mine the efficacy of BCG immunotherapy.

The same therapeutic index of medication always causes

considerable heterogeneity in efficacy and toxicity across

human population. This heterogeneity can even lead to

unpredictable life-threatening and lethal adverse effects in

a group of patients. Though the BCG immunotherapy has

gained a strong believe as an effective treatment option for

high-risk superficial UBC, similar observation was repor-

ted with BCG treatment, where 30–35% of clinically

classified similar patients at high risk of recurrence were

not responding to the treatment and demonstrated reduced

recurrence free survival. This unexplained BCG failure

results in more economic burden, more follow-ups, and

uneasy life. The inter-individual variability in drug

response cannot satisfactorily be explained by patients’

age, life style, or co-medication and compliance of

patients. The solution is probably doomed to be individual

differences in their genomics. The identification of these

genetic factors perhaps in cytokine gene may explain part

of 30–35% failure of BCG immunotherapy for high-risk

tumors and help to optimize its efficacy.

Cytokine Gene Variants along with other Novel

Approaches in BC

The limitations of BCG immunotherapy have led to the

exploration of the immunostimulatory potential of bacterial

components or genetically modified bacteria. Therefore,

alternative treatment strategies using nonviable sub frac-

tions of mycobacterium have been explored. Although few

promising results were observed, for example, cell wall

extracts [37], others show that the viability of BCG (and of

active intracellular infection) is of prime importance for

the efficiency of this immunotherapy. Therefore, nonviable

alternatives to BCG would most likely not be equally

effective until adequate delivery systems have been
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developed and proper retention of the material in the

bladder is ensured. Since cytokines are key mediators of

anti-tumor activity of BCG and may also eradicate tumor

cells directly, current studies focus on cytokine and BCG

combination to achieve highest efficacy and least side

effects. IFN-c and IL-12 seem to be the promising candi-

dates and they have already shown some initial success in

patients with bladder cancer.

Conclusion

Many details of the molecular and cellular mechanisms

involved in BCG immunotherapy of BC have been discov-

ered in the past few decades. However, information on a

potential role for cytokine gene variants as an effecter

mechanism is limited. Since BC is a multifactorial and

polygenic disorder, there is need to study the exact risk

factors and the complex interactions between multiple genes

and environmental exposures through epidemiological

studies. Pathway-based genotyping of more SNPs in

inflammation genes and haplotype analyses are warranted to

confirm and extend our findings. Since there is a scarcity of

data, additional epidemiological data from different popu-

lations and centers are desirable. Simultaneously, we

attempted to limit the confounding effect of ethnicity by

restricting our analysis to Indian subjects; however, the place

of origin of ancestors among these participants could pos-

sibly affect the frequencies of certain genotypes and cause

spurious associations.

Cytokine therapy and BCG immunotherapy. Informa-

tion could provide urologists with the ability to optimize

required dose of immunoregulatory cytokines. The studies

analyzing association of these SNPs and genetic prowling

of patients may help them to decide optimum dose and

proper regime of BCG immunotherapy. The inclusion of

genetic information in active surveillance protocol may

reduce the amount of surgical intervention the patients

might have to undergo throughout their lives. In this way,

personalized treatment can be tailored according to genetic

makeup of a patient and may improve the quality of life

and decrease economic burden as well. Identification of a

broad genetic determinant for BC initiation and outcome

after BCG immunotherapy offers the opportunity not only

to tailor treatment regime but also to explore underlying

mechanism and to identify novel therapeutic targets.
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