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BCG is a widely used vaccine worldwide for neonates including Pakistan. BCG has more than 90%
coverage through the EPI program which was introduced in 1965 in Pakistan. BCG has limited efficacy
against the transmissible form of pulmonary tuberculosis in high TB endemic countries. However, BCG
vaccination continues in these countries because BCG confers protection against the disseminated form
of TB in children. BCG has also shown some protection against leprosy and certain forms of cancers. One
reason for such nonspecific protection may be that BCG activates APCs via PAMPS that interacts with TLRs
(2, 4 & 8), which initiate the inflammatory cascade thereby recruiting inflammatory cells to the site of
infection and providing maturation signals for neutrophils, macrophages and dendritic cells. Such activa-
tion may be crucial for restricting the infection at the initial site. Furthermore, activation of the pro-
inflammatory cascade also results in expression of adhesion molecules, co-stimulatory molecules as well
as MHC class II molecule. MHC class II molecules engage CD4+ cells via the TCR receptor while the adhe-
sion and costimulatory molecules bind to their respective receptors on CD4+ T cells for additional high
affinity binding for T cell activation. Although activation of the innate arm may not provide subsequent
memory, activation of T cells may introduce a certain level of memory response and therefore, may form
a rational basis for BCG immunotherapy. This review, therefore, focuses on the immune activation related
to both the innate and adaptive arm of the immune response that has been reported and further explores
the utility of BCG immunotherapy related to non TB conditions.
� 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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1. History of BCG vaccine

BCG is an attenuated strain isolated from Mycobacterium bovis,
and was first identified by a French scientist Albert Calmette Guer-
in. BCG was first used in 1921 as a vaccine in humans. It is a widely
used vaccine to protect against tuberculosis and leprosy [1,2]. The
serial passage of virulent strain of bovine tuberculosis on glycerine
bile potato media reduces its virulence while retaining its antigenic
properties. The efficacy of BCG against pulmonary tuberculosis is
still controversial in several parts of the world with the highest
burden of TB [2,3]. The duration of immunity is somewhere
between 15 and 60 years post immunization in different trials
[4,1]. The variable efficacy of vaccine in different trials has been
attributed to variation in different BCG strains, genetic differences
in different population [5], prior exposure to non tuberculous
mycobacteria [6], and recurrent parasitic infection [7]. However,
the reasons for variable protective immunity still remain unclear.
To address these issues, a large scale trial was initiated in Chingle-
put area of South India in 1968 (15 year follow-up was completed
in 1987) with the assistance of Indian Council of Medical Research.
These results revealed no convincing protection against pulmonary
tuberculosis. Irrespective of the finding of the Chingleput trial, BCG
vaccination was incorporated in EPI program in 1974 and contin-
ued as part of routine vaccination at birth.

Efficacy of BCG in protection against adult tuberculosis is both
debatable and controversial. A wide range of efficacy (0–80%) has
been reported in case control [8] and cohort studies [2] as well as
in clinical trials [9–11]. The reasons for these variable results are
not clear; however there is consensus that these are true biological
effects and not just due to sampling errors [3]. However, BCG does
provide some extent of protection against TB meningitis and mili-
ary disease. This is evidenced in Chingleput trial (initiated in
1968) where no case of TB meningitis or miliary TB was reported
for over a 14 year period. The protective effect in randomized con-
trolled trials was 86% (95% CI: 65–95) and in case-control studies
was 75% (95% CI: 61–84). The reason of homogenous response is
partly due to younger subjects who were less likely to be exposed
to atypical mycobacteria. Exposure to atypical mycobacteria
presumably obviates protective effect [12]. The role of BCG in infec-
tious diseases was studied thoroughly in both TB and leprosy before
observation of its non-specific effects in some cancers. Though BCG
was recognized as a vaccine for tuberculosis, widespread BCG cov-
erage has significantly declined the cases of leprosy. It was also evi-
dent that BCG vaccinated population in high TB endemic setting
had significant impact in declination of leprosy cases [2,13,14].
The efficacy against leprosy ranges between 20 and 80% in con-
trolled trials and observational studies [2,15]. BCG was equally
effective against lepromatous as well as a tuberculoid form of lep-
rosy. Given the efficacy of BCG against leprosy, countries like Brazil,
Cuba and Venezuela recommended the use of BCG for leprosy con-
tacts. A meta-analysis of 26 studies, that included 7 clinical trials
and 19 observational studies (cohort and case control) showed an
overall average protection of 26% (96% CI: 14–37%) against leprosy
[16]. In observational studies, the protective effect was 61% (95% CI:
51–70%) with significant heterogeneity (P < 0.00001). The reason
for heterogeneity between studies could be explained by different
population, method of exposure and outcome assessment.

2. Rationale of BCG use as adjuvants

The first observation for the use of BCG in enhancement of
immune response was evidenced by use of mycobacteria in prepa-
ration of Freund’s adjuvant in the late 1950s [17]. Complete Fre-
und’s adjuvant (CFA) contains heat killed mycobacteria or BCG
and trehalose 6,6’ dimycolate (TDM) that activates some innate
receptors including TLR2, 4 and 9. CFA stimulates a delayed type
hypersensitivity reaction at the site which is skewed towards Th1
immunity. In contrast, incomplete Freund’s adjuvant (IFA) which
lacks mycobacterial component induces Th2 or antibody mediated
immunity [18,19]. This is the first observation regarding use of
BCG for activation of immune system. The findings of CFA induced
arthritis and autoimmune reaction in experimental animals also
provide us a rationale of BCG therapy in non-communicable dis-
eases [20,21] . Historically, it was also shown that parasitic, viral
and bacterial infection resulted in regression of tumors [22]. The
hypothesis of concomitant or cross over immunity due to the pres-
ence of cross reactive antigen (parasite’s egg) also provides an indi-
rect evidence of protection against reinfection in intermediate host
[23,24]. It is a well established fact that parasitic infection induced
Th2 immunity [25] and therefore, a switch from Th1 to Th2 immu-
nity is thought to be involved in tumor regression [26,27]. This host
parasite relationship was first brought into concept of tumor immu-
nology by Dr. William Coley in 1898. Coley administered his vaccine
directly into tumor and observed tumor regression. Coley’s toxin or
vaccine comprised of a mixture of killed bacteria, (Serratia marces-
cens and S. pyogenes), which was effective against inoperable sarco-
mas. In case of Coley’s vaccine, an infection precedes spontaneous
regression of tumor, supports the idea of non-specific innate immu-
nity in regression rather than adaptive immune response. This idea
was further translated into BCG adjuvant therapy in melanoma and
bladder cancers. The immune mechanism related to BCG is largely
unknown. In this review, we try to shed some light on non-specific
immunity conferred by BCG in melanoma and bladder cancers.

2.1 BCG immunotherapy in melanoma cancer

Cutaneous melanoma is the most common skin cancer in
United States with annual adjusted incidence of 22/100,000 popu-
lation in men and 14/100,000 population in women of all races
[28]. The incidence is lower in black and Asian Pacific Islander
(API) compared to whites with predominance of males affected
by this disease [29]. Approximately 15% of primary melanomas
develop into distant metastases; the five year survival rate for met-
astatic melanoma is still less than 5% despite of advancement in
treatment and diagnosis. Melanoma is one of the cancers that show
regression spontaneously or due to intervention with adjuvant
immunotherapy presumably because of infiltration of immune
cells at the tumor site [30,31]. The adjuvant immune therapy with
BCG has also shown promising results for patients after surgical
resection in advanced malignant melanoma [31].

Prior vaccination with BCG or vaccinia in childhood had signifi-
cant effect in case reduction compared to the non-vaccinated group.
A multicenter case control trail of Febrile infection and melanoma
(FEBIM), evaluated risk of melanoma and vaccination status in child
hood for either BCG or vaccinia or both in six European countries
and Israel. This study also addressed the effect of severe infection
and risk of melanoma compared to subjects either vaccinated with
BCG or vaccinia. The odds ratio for individuals not vaccinated for
any of the vaccine were compared to BCG [OR 0.23;(95% CI: 0.05–
0.91)] and vaccinia [OR 0.33;(CI:0.10–1.06)] in persons below
50 years of age, signifies the effect of severe infection on reducing
risk of melanoma [32]. Prior immunization with BCG or vaccinia
vaccine was further evaluated on survival of melanoma patients
during a five year follow up. A hazard ratio of 0.69 (95% CI: 0.49–
0.98) with BCG compared to 0.52 (95% CI: 0.34–0.79) with vaccinia
vaccine for development of melanoma suggests an immune surveil-
lance mechanism of BCG for melanoma skin cancer [33]. Human
endogenous retroviral genes (HERV–K) encoded envelop protein
is expressed in many cases of melanoma [34] which cause malig-
nant transformation by altering intracellular redox potential [35].
The immune surveillance mechanism of BCG, vaccinia or contact
with other infectious agents was described by the presence of
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analogs of HERV K MEL epitope by these infectious agents, that gen-
erate cross reactive T cell for elimination of malignant cells [35].

The intra-lesional therapy for melanoma cancer with BCG was
initiated approximately three decades ago, when Morton et al.
reported regression of melanoma using live BCG in 62% of patients.
The result of this and other trials reported serious side effects like
chills, fever and granuloma formation. Results of few successful tri-
als are given in Table 1 [36–42]. Most of these trials showed a posi-
tive response when BCG was mixed with either the Melanoma cell
vaccine (MCV) or autologous tumor cell vaccine. These strategies
resulted in better disease free survival and overall survival. A
newer strategy of ILBCG therapy involves topical treatment of 5%
imiquimod (TLR7 agonist) following BCG injections. The topical
imiquimod treatment up to 5 months resulted in complete regres-
sion in 56% of patients, and 67% remained disease free up to the
last follow-up (range 12–58 months). This treatment modality
was well tolerated in stage III patients, the major limitation was
small sample size of trial [36].

2.2. BCG immunotherapy in bladder cancer

BCG immunotherapy was also described by Morales et al. in
1976. Intravesical BCG is now being used as standard therapy for
non-muscle invasive bladder cancer (NMIBC), which resulted in
70–75% complete response rates in CIS (Carcinoma insitu) [43].
The combination of BCG and MMC in nine clinical trials, showed
no significant difference between MMC and BCG in ORs of progres-
sion in a follow-up of 26 months [44], however maintenance dose
with BCG resulted in significant superiority over MMC (OR = 0.66;
95% CI: 0.47–0.94; P = 0.02).

The phenomenon of pre-existing immunity to BCG for better
response to therapy requires further investigation in clinical stud-
ies. The effect of prior BCG vaccination was also observed in bladder
cancer for improved survival in vaccinated or PPD+ patients treated
with intravesical BCG therapy [45]. This hypothesis of preexisting
immunity to BCG was further tested in orthotropic tumor model
Table 1
Clinical studies on adjuvant BCG therapy and their outcome.

Author Year Stage No. of Patients Treatment

Kidner et al. 2012 III IL BCG + Imquimod

Hoshimoto et al. 2012 IV Pre- treatment = 244 Whole cell Melanoma
Vaccine, [Canvaxin+BC
[BCG+placebo]

Duringtreatment = 214
Morton et al. 2007 III n = 1160 BCG + Melanoma cell

vaccine(MCV)
IV n = 496

Haanen et al. 2006 III n = 25 autologus tumor cell
vaccine and BCG

Agarwal et al 2004 I n = 734
III cohort 1 BCG vs observ

Cohort 2 BCG vs addit
dacarbazine

Henz et al. 1996 I no treatment = 22 treatment with two BC
vaccines

BCG RIV = 40
BCG pasteur = 44

Czarnetzki et al. 1993 I BCG RIV = 108 Different BCG prepara
vs no treatment

BCG Pasteur = 109
Follow up only = 110

DFS: Disease free survival; OS:overall survival; CTC: circulating Tumor cell.
implanted with MB49 tumor cells in bladder cancer; results of this
study showed that mice receiving BCG subcutaneously before intra-
vesical therapy showed 100% survival up to 70 days post tumor
challenge compared to 80% survival up to 50 days with no prior
BCG exposure [45]. However, report from Elsaber showed no appar-
ent difference in frequency of IFNc producing CD4+ T cells in
responder vs. non responder to BCG therapy [46], but the presence
of multifunctional IFNc/IL2 positive T cells and higher IFNc+ve cells
in PPD+ve patients represents boosting effect of BCG as observed in
TB patients [47]. Recently, concomitant use of vitamin D with BCG
has been shown to improve invitro toxicity of BCG induced THP-1
cells on BCa cells [48]. It is well known that BCG antigen activates
TLR on macrophages that activates vitamin D signaling pathway
and induces expression of antimicrobial peptide Cathelicidin [49].
Cathelicidin also possess immuno-modulatory effect on immune
cells and act as chemoattractant for neutrophils and a number of
chemokine including IL8 [50]. The use of vitamin D with BCG has
been shown to augment the cytotoxic effect of THP-1 cell on BCa
cells [48]. The instillation of BCG+vitamin D prolonged the survival
up to 70 days in mice compared to BCG alone. Though vitamin D
possess anti-inflammatory properties [51,52], it is interesting to
know whether or not vitamin D changes the phenotype of pro-
inflammatory M1 macrophages into anti-inflammatory M2 pheno-
type during BCG therapy co administered with vitamin D. Further
studies are required to unfold the interaction of BCG and vitamin
D for cancer therapy.

The predominant cell types after BCG instillation in bladder
cancer are neutrophils [53,54], NK cells [55] and T cells [45].
Within these populations, neutrophils are the most important cell
types for BCG mediated local immune response, T cell trafficking
and stimulation of chemokine (IL8 and MIP1a,GRO-a) [56].

3. BCG mediated immune modulation

The generalized mechanism of BCG mediated immune
surveillance is the release of cytokines and chemokine in micro
Outcome Response
to
therapy

Reference

Surgical complete response = 33% Complete
response = 66%

Yes [36]

G]
median follow up 21.9 months pretreatment
DFS (HR 1.64, p = 0.002) OS;HR 1.53, p = 0.028)

Yes [37]

DFS(HR1.91, p = 0.02) OS; (HR 2.57, p = 0.012)
based on 5 yrs survival Yes [38]

42.3% of stage IV
63.4% of stage III
median survival 22.5 months with presence of
TAA specific T cells vs 4.5 months for absence
of TAA specific TILS inside melanoma tissue.
(log rank, p = 0.0094)

Yes [39]

5 year survival No [40]
ation cohort 1 (DFS, p = 0.84) (OS, p = 0.40)

ion of cohort 2 (DFS, p = 0.74) (OS, p = 0.81)

G median follow up 6 years Yes [41]

DFS with BCG pasteur (p = 0.02)
tion median follow up 6 years No [42]

Patients survival (p = 0.82)
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environment that further activates or recruits immune cells at site;
these mediators are thought to act in non-specific manner. The
predominant cytokines stimulated by BCG are IFNc, IL2 and TNFa
secreted by activated CD4+ T cells [57]. These IFNc producing CD4+
T cells possess phenotype of CCR7+ CD62L representing the central
memory T cell population in invitro experiments[57] and in neo-
nates post vaccination at 6 and 27 weeks [58]. A majority of IFNc
producing T cells possess central memory phenotype. However, a
smaller subset of T effector cells is also displayed by BCG. To coun-
ter balance the IFNc secretions, IL10 is secreted by T regulatory
cells (Tregs). BCG activated CD4+CD25+ Tregs act nonspecifically
against inflammation caused by non TB related conditions such
as atherosclerosis [59], type 1 diabetes [60] and asthma [61].
BCG vaccine promotes Tregs cells and cytokines such as TGFb
and IL10 [62]. New strategies to suppress Tregs or anti-inflamma-
tory cytokines with BCG vaccine are considered as one of the pos-
sibilities to improve BCG vaccination at birth such as use of anti
IL10 antibodies. BCG vaccination at birth was shown to be well cor-
related with Th1/Th17/ Tregs profiling. BCG specific Tregs attenu-
ate BCG response at vaccination due to inhibition of IFNc [63]
and are therefore considered as one of the reasons of failure of
BCG vaccine. Exposure to environmental mycobacteria before
BCG administration in neonates resulted in increased IL10 or Tregs
cells [63]. This indicates that BCG itself derived Tregs in addition
with other T cell subsets (Fig. 1). This regulation of Tregs by BCG
has implication on counter balancing non-specific inflammation
in other non-communicable diseases such as cancers and diabetes.

3.1. Activation of innate arm

The initial immune response to BCG is dependent on complex
series of events between immune cells and molecules. The foremost
step is the activation of innate immune system via TLRs through
PAMPS. The cell wall antigens of BCG mainly activate TLR2 and
TLR4 and serves in maturation and activation of macrophages and
Fig. 1. The battle field between BCG and Immune cells: The mechanism of intralesional BC
binding to skin tissue. After the uptake of BCG by receptors, monocytes, neutrophils and N
response. On the basis of cytokine present in the environment, monocytes get differ
macrophages (M1or M2). In the second event, the BCG is internalized through TLRs on ma
stimulatory, molecules such as CD28 and LFA 1 bind to B7 and ICAM-1 for activation of
milieu (C).
DCs. The activation of TLRS via these PAMPs activates cascade of
events including activation of adaptor molecule (MYD88) which
results in recruitment of IRAK (IL1 receptor associated kinase) and
TRAF6 (TNF receptor associated factor 6) and MAPK (Mitogen
activated protein kinase), which subsequently activates nuclear
transcription factor (NFkB), and associated genes for section of
pro- inflammatory cytokines such as IL1b, IL12 and TNFa [64]. In
case of intralesional injection of BCG, keratinocytes are activated
via TLRs which results in production of pro-inflammatory chemo-
kine, antimicrobial peptides, matrix metalloproteinases (MMPs)
and up regulate adhesion molecules such as ICAM-1, VCAM-1, E
selectins and P selectins, that provides a link between innate and
adaptive immune response via NFkB activation pathway [65,66].

Several mycobacterial components including cell wall fractions
(Tx114,mAGP) and DNA up-regulate TRAIL (TNFa ligand superfam-
ily member 10, TNFSF10) and CD62L (L-selectin expressed on B,T
and granulocytes, required for endothelial adhesion) from purified
neutrophils [67]. Besides this, mycobacterial components such as
Lipoprotein, LPS and CpG oligonucleotide are important Toll
ligands and activate both extracellular and intracellular TLRs
[68,69]. Most commonly activated TLRs by mycobacterial ligands
are TLR2, TLR4 and TLR9. TLR2 is important for TNFa, IL1b and
IL12 secretion from macrophages [70,71]. It also forms heterodi-
mer with TLR6 and recognizes cell wall glycolipids like LAM,
38kd and 19kd lipoprotein. Intracellular TLR9 is activated by
unmethylated CpG motif of bacterial DNA and results in TLR9
dependent dendritic cell activation [69,70]. The glycolipid antigens
present in cell wall of mycobacteria activate CD1 restricted T cells
which was previously reported in leprosy [72].

3.2. Activation of adaptive arm

Internalization of BCG by professional APCs results in activation
of T helper cells. This interaction requires expression of MHC class
II molecule recognized by CD4 T cells via TCR. Engagement of TCR
G therapy in melanoma cancer is shown here. BCG binds to fibronectin receptors for
K cells migrate from endothelial to dermal layer (A) for initiation of innate immune

entiated into dermal DCs (DDCs), plasmacytoid DCs (PDCs) or subpopulation of
crophages; BCG antigens are presented on T cell for adaptive immunity (B). T cell co-
T cells. T cells are further differentiated into T cell subsets in response to cytokine
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with MHC II further requires binding of co stimulatory molecules
CD28 to B7-1 on T cells, and up regulation of adhesion molecules
such as lymphocytes function associated antigens- 1 (LFA-1, major
T cell integrin) that binds with intracellular adhesion molecule-1
(ICAM-1) on macrophages [73]. The T cell co stimulation is essen-
tial for T cell activation and anti-tumor responses [74,75]. The key
cytokines released after T cell activation are IL2 and IFNc [76]
(Fig. 1). The local secretion of IFNc is important for expression of
ICAM-1. Expression of ICAM-1 by IFNc also correlates with killing
of tumor cell line [77]. Induction of IFNc by BCG is also important
for IL32 secretion. IL32 is a newly discovered pro-inflammatory
cytokine that acts via caspase and IL18 dependent pathway, when
APCs are stimulated specifically with BCG [78] Differentiation of T
cells into Th17 and Th22 is also dependent on cytokine milieu. IL17
producing Th17 cells differentiate from naïve T cells in the pres-
ence of TGFb, IL6 and IL23. On the other hand, IL22 producing
Th22 cells require IL6 and TNFa [79]. Whether BCG changes local
environment for differentiation of T cells or BCG components drive
this differentiation is still not clear. For tumor cell killing, expres-
sion of FAS ligand and tumor necrosis factor related apoptosis–
inducing ligand (TRAIL) on macrophages and neutrophils are also
involved in apoptosis of tumor cells [53,54]. BCG also generates
human peripheral blood mononuclear cells into special population
of BCG activated killer cells (BAK) [80]. Phenotype of these cells are
CD8+, CD56+ and lymphocyte activated killer cells (LAK) for killing
target cells [80,81]. Th1 cytokines, such as IL2 and IFNc are shown
to activate BAK cells for cytotoxicity [82].

For BCG to impart its role as powerful vaccine or therapeutic
agent, antigen presentation to APCs is the first step for an effective
immune response. BCG inhibits inflammsome activation via Zn
metalloproteases [83]. The zmp1 deletion mutant of BCG showed
enhanced immunogenicity in terms of antigen presentation, DTH
and increased IFNc production [84]. Like pathogenic strain of
M.tb, if BCG also interferes in phagosome maturation then it pre-
sumably affects the overall efficacy of BCG vaccine in subversion
of host immune system by reducing antigen presentation.
4. Conclusion

BCG vaccine, despite its limited efficacy in tuberculosis is still
considered as a useful vaccine for both vaccination and treatment
purpose in melanoma and bladder cancer. The efficacy of BCG as
vaccine or as an immunotherapeutic agent is highly variable in
Pakistan. The available information from invitro and clinical stud-
ies are sparse, and therefore results are inconclusive for its favor-
able use. The result of BCG intravesical therapy in bladder cancer
has equivocal findings due to high rate of BCG vaccination or expo-
sure to non-tuberculous mycobacteria. One of the complications
associated with intravesical therapy is Gran-P (Granulomatous
Prostatitis) reported in a case report [85]. The other report from
Pakistan (AFIU), showed an overall decrease in recurrence rate
(65% to 12%) and tumor progression (26% to 6%) in 16 patients
who received BCG therapy for 2 weeks after transurethral resection
[86]. In line with these findings, the use of BCG therapy for breast
cancer treatment has shown promising results in experimental
rat’s model in reversion of chemically induced malignancy [87].

New strategies in BCG immunotherapy may involve use of vita-
min D analogs that might reduce the exacerbated inflammatory
process and untoward side effect of BCG in vaccinated population
in high TB endemic setting. Similarly the use of dual toll ligand
(CpG ODN or imiquimod) [88] along BCG intralesional therapy
are promising for treating melanoma cancer. The role of plasmacy-
toid DCs in BCG mediated immune surveillance should be further
investigated using experimental models or clinical studies. Further
studies for non TB use of BCG in type 1 diabetes, arthritis and other
autoimmune conditions are needed to explore the benefits of vac-
cine in non TB related conditions.

Acknowledgement

There is no funding resource for this write-up. I acknowledge
Dr. Delphine Lee for mentoring BCG immunotherapy work in her
lab during postdoctoral training.

References

[1] P.D. Hart, I. Sutherland, BCG and vole bacillus vaccines in the prevention of
tuberculosis in adolescence and early adult life, Br. Med. J. 2 (1977) 293–295.

[2] J.M. Ponnighaus, P.E. Fine, J.A. Sterne, R.J. Wilson, E. Msosa, P.J. Gruer, et al.,
Efficacy of BCG vaccine against leprosy and tuberculosis in northern Malawi,
Lancet 339 (1992) 636–639.

[3] P.E. Fine, Variation in protection by BCG: implications of and for heterologous
immunity, Lancet 346 (1995) 1339–1345.

[4] N.E. Aronson, M. Santosham, G.W. Comstock, R.S. Howard, L.H. Moulton, E.R.
Rhoades, et al., Long-term efficacy of BCG vaccine in American Indians and
Alaska Natives: a 60-year follow-up study, JAMA 291 (2004) 2086–2091.

[5] R. Brosch, S.V. Gordon, T. Garnier, K. Eiglmeier, W. Frigui, P. Valenti, et al.,
Genome plasticity of BCG and impact on vaccine efficacy, Proc. Natl Acad. Sci.
U. S. A 104 (2007) 5596–5601.

[6] P. Fine, P. Small, Exogenous reinfection in tuberculosis, N Eng J Med 341 (1999)
1226–1227.

[7] A.D. LaBeaud, I. Malhotra, M.J. King, C.L. King, C.H. King, Do antenatal parasite
infections devalue childhood vaccination?, PLoS Negl. Trop. Dis. 3 (2009) e442.

[8] P.A. Orege, P.E. Fine, S.B. Lucas, M. Obura, C. Okelo, P. Okuku, Case-control
study of BCG vaccination as a risk factor for leprosy and tuberculosis in
western Kenya, Int. J. Lepr. Other Mycobact. Dis. 61 (1993) 542–549.

[9] S.P. Tripathy, Fifteen year follow-up of the indian BCG prevention trial, Bull Int
Union Tuberc Lung Dis 62 (1987) 69–72.

[10] G.W. Comstock, S.F. Woolpert, V.T. Livesay, Tuberculosis studies in Muscogee
County, Georgia. Twenty-year evaluation of a community trial of BCG
vaccination, Public Health Rep. 91 (1976) 276–280.

[11] J. Frimodt-Moller, G.S. Acharyulu, K.K. Pillai, Observation concerning the
protective effect of BCG vaccination in the rural population of South India:
report number 4, Bull Int Union Tuberc 48 (1973) 40–52.

[12] L.C. Rodrigues, V.K. Diwan, J.G. Wheeler, Protective effect of BCG against
tuberculous meningitis and miliary tuberculosis: a meta-analysis, Int. J.
Epidemiol. 22 (1993) 1154–1158.

[13] S.S. Cunha, L.C. Rodrigues, V. Pedrosa, I.M. Dourado, M.L. Barreto, S.M. Pereira,
Neonatal BCG protection against leprosy: a study in Manaus, Brazilian
Amazon, Lepr. Rev. 75 (2004) 357–366.

[14] P.E.M. Fine, I.A.M. Carneiro, J.B. Milstien, C.J. Clements, Issues relating to the
use of BCG in Immunization Programmes: A Discussion Document, World
Health Organization, 1999, pp. 1–45.

[15] S.P. Tripathy, The case for B.C.G., Ann. Natl. Acad. Med. Sci. 19 (1983) 11–21.
[16] M.S. Setia, C. Steinmaus, C.S. Ho, G.W. Rutherford, The role of BCG in

prevention of leprosy: a meta-analysis, Lancet Infect. Dis 6 (2006) 162–170.
[17] J. Freund, The mode of action of immunologic adjuvants, Bibl. Tuberc (1956)

130–148.
[18] H.C. Yip, A.Y. Karulin, M. Tary-Lehmann, M.D. Hesse, H. Radeke, P.S. Heeger,

et al., Adjuvant-guided type-1 and type-2 immunity: infectious/noninfectious
dichotomy defines the class of response, J Immunol. 162 (1999) 3942–3949.

[19] L. Beck, H.L. Spiegelberg, The polyclonal and antigen-specific IgE and IgG
subclass response of mice injected with ovalbumin in alum or complete
Freund’s adjuvant, Cell Immunol. 123 (1989) 1–8.

[20] H. Yagi, M. Matsumoto, S. Suzuki, R. Misaki, R. Suzuki, S. Makino, et al., Possible
mechanism of the preventive effect of BCG against diabetes mellitus in NOD
mouse. I. Generation of suppressor macrophages in spleen cells of BCG-
vaccinated mice, Cell Immunol. 138 (1991) 130–141.

[21] C.M. Pearson, Development of arthritis, periarthritis and periostitis in rats
given adjuvants, Proc. Soc. Exp. Biol. Med. 91 (1956) 95–101.

[22] S.A. Hoption, Cann, J.P.van Netten, and N.C. Van, Dr William Coley and tumour
regression: a place in history or in the future, Postgrad. Med. J. 79 (2003) 672–
680.

[23] S.P. Brown, B.T. Grenfell, An unlikely partnership: parasites, concomitant
immunity and host defence, Proc. Biol. Sci. 268 (2001) 2543–2549.

[24] M.W. Lightowlers, Fact or hypothesis: Taenia crassiceps as a model for Taenia
solium, and the S3Pvac vaccine, Parasite Immunol. 32 (2010) 701–709.

[25] F. Chen, Z. Liu, W. Wu, C. Rozo, S. Bowdridge, A. Millman, et al., An essential
role for TH2-type responses in limiting acute tissue damage during
experimental helminth infection, Nat. Med. 18 (2012) 260–266.

[26] H.R. Cabral, The tumoricidal effect of Trypanosoma cruzi: its intracellular cycle
and the immune response of the host, Med. Hypotheses 54 (2000) 1–6.

[27] B.A. Fox, K.L. Sanders, D.J. Bzik, Non-replicating reverses tumor-associated
immunosuppression, Oncoimmunology. 2 (2013) e26296.

[28] A. Jemal, M.J. Thun, L.A.G. Ries, Annual report to the nation on the status of
cancer, 1975–2005, J Natl Cancer Inst. 100 (2008) 1–23.

[29] M.L. Roche, X.-C. Wu, V. Chen, E. Hamilton-Byrd, F.D. Groves, A. Jemal, et al.,
Cutaneous Melanoma Incidence and Survival Among Black, Asian and Pacific

http://refhub.elsevier.com/S1879-4378(14)00019-9/h0005
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0005
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0010
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0010
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0010
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0015
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0015
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0025
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0025
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0025
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0030
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0030
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0030
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0035
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0035
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0040
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0040
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0045
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0045
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0045
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0050
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0050
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0055
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0055
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0055
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0060
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0060
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0060
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0065
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0065
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0065
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0070
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0070
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0070
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0445
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0445
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0445
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0445
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0080
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0085
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0085
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0090
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0090
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0095
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0095
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0095
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0100
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0100
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0100
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0105
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0105
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0105
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0105
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0110
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0110
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0115
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0115
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0115
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0120
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0120
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0125
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0125
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0130
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0130
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0130
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0135
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0135
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0140
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0140
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0145
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0145
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0150
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0150


148 N. Talat Iqbal, R. Hussain / Trials in Vaccinology 3 (2014) 143–149
Islander and White Populations in the United States, Clinical Medicine
Insights: Dermatology 3 (2010) 24.

[30] C. Maire, S. Vercambre-Darras, P. Devos, M. D’Herbomez, S. Dubucquoi, L.
Mortier, Metastatic melanoma: spontaneous occurrence of auto antibodies is a
good prognosis factor in a prospective cohort, J Eur. Acad. Dermatol. Venereol.
27 (2013) 92–96.

[31] E.C. Hsueh, L. Nathanson, L.J. Foshag, R. Essner, J.A. Nizze, S.L. Stern, et al.,
Active specific immunotherapy with polyvalent melanoma cell vaccine for
patients with in-transit melanoma metastases, Cancer 85 (1999) 2160–
2169.

[32] B. Krone, K.F. Kolmel, J.M. Grange, G. Mastrangelo, B.M. Henz, I.N. Botev, et al.,
Impact of vaccinations and infectious diseases on the risk of melanoma–
evaluation of an EORTC case-control study, Eur. J. Cancer 39 (2003) 2372–
2378.

[33] K.F. Kolmel, J.M. Grange, B. Krone, G. Mastrangelo, C.R. Rossi, B.M. Henz, et al.,
Prior immunisation of patients with malignant melanoma with vaccinia or
BCG is associated with better survival. An European Organization for Research
and Treatment of Cancer cohort study on 542 patients, Eur. J. Cancer 41 (2005)
118–125.

[34] S. Hahn, S. Ugurel, K.M. Hanschmann, H. Strobel, C. Tondera, D. Schadendorf,
et al., Serological response to human endogenous retrovirus K in melanoma
patients correlates with survival probability, AIDS Res. Hum. Retroviruses 24
(2008) 717–723.

[35] B. Krone, K.F. Kolmel, B.M. Henz, J.M. Grange, Protection against melanoma by
vaccination with Bacille Calmette-Guerin (BCG) and/or vaccinia: an
epidemiology-based hypothesis on the nature of a melanoma risk factor and
its immunological control, Eur. J. Cancer 41 (2005) 104–117.

[36] T.B. Kidner, D.L. Morton, D.J. Lee, M. Hoban, L.J. Foshag, R.R. Turner, et al.,
Combined intralesional Bacille Calmette-Guerin (BCG) and topical imiquimod
for in-transit melanoma, J Immunother. 35 (2012) 716–720.

[37] S. Hoshimoto, M.B. Faries, D.L. Morton, T. Shingai, C. Kuo, H.J. Wang, et al.,
Assessment of prognostic circulating tumor cells in a phase III trial of adjuvant
immunotherapy after complete resection of stage IV melanoma, Ann. Surg.
255 (2012) 357–362.

[38] D.L. Morton, N. Mozzillo, J.F. Thompson, M.C. Kelley, M. Faries, J. Wagner, et al.,
MMAIT clinical trial group An international, randomized, phaseIII trial of
Bacillus Calmette Guerin (BCG) plus allogeneic melanoma vaccine (MCV) or
placebo after complete resection of melanoma metastatic to regional or
distant sites, J. Clin. Oncol. 25 (2007) 8508. ASCO Ann Meeting Proc.

[39] J.B. Haanen, A. Baars, R. Gomez, P. Weder, M. Smits, T.D.de Gruijl, et al.,
Melanoma-specific tumor-infiltrating lymphocytes but not circulating
melanoma-specific T cells may predict survival in resected advanced-stage
melanoma patients, Cancer Immunol. Immunother. 55 (2006) 451–458.

[40] S.S. Agarwala, D. Neuberg, Y. Park, J.M. Kirkwood, Mature results of a phase III
randomized trial of bacillus Calmette-Guerin (BCG) versus observation and
BCG plus dacarbazine versus BCG in the adjuvant therapy of American Joint
Committee on Cancer Stage I-III melanoma (E1673): a trial of the Eastern
Oncology Group, Cancer 100 (2004) 1692–1698.

[41] B.M. Henz, E. Macher, E.B. Brocker, S. Suciu, P.A. Steerenberg, E. Jung, et al.,
Prognostic value of tuberculin and BCG immunoreactivity in stage I high-risk
malignant melanoma (EORTC protocol 18781), Dermatology 193 (1996) 105–
109.

[42] B.M. Czarnetzki, E. Macher, S. Suciu, D. Thomas, P.A. Steerenberg, et al., Long-
term adjuvant immunotherapy in stage I high risk malignant melanoma,
comparing two BCG preparations versus non-treatment in a randomised
multicentre study (EORTC Protocol 18781), Eur. J. Cancer 29A (1993) 1237–
1242.

[43] A.B. Alexandroff, A.M. Jackson, M.A. O’Donnell, K. James, BCG immunotherapy
of bladder cancer: 20 years on, Lancet 353 (1999) 1689–1694.

[44] A. Bohle, P.R. Bock, Intravesical bacille Calmette-Guerin versus mitomycin C in
superficial bladder cancer: formal meta-analysis of comparative studies on
tumor progression, Urology 63 (2004) 682–686.

[45] C. Biot, C.A. Rentsch, J.R. Gsponer, F.D. Birkhauser, H. Jusforgues-Saklani, F.
Lemaitre, et al., Preexisting BCG-Specific T Cells Improve Intravesical
Immunotherapy for Bladder Cancer, Sci. Transl. Med. 4 (2012) 137ra72.

[46] J. Elsasser, M.W. Janssen, F. Becker, H. Suttmann, K. Schmitt, U. Sester, et al.,
Antigen-specific CD4 T cells are induced after intravesical BCG-instillation
therapy in patients with bladder cancer and show similar cytokine profiles as
in active tuberculosis, PLoS. One. 8 (2013) e69892.

[47] S.K. Schwander, M. Torres, C.C. Carranza, D. Escobedo, M. Tary-Lehmann, P.
Anderson, et al., Pulmonary mononuclear cell responses to antigens of
Mycobacterium tuberculosis in healthy household contacts of patients with
active tuberculosis and healthy controls from the community, J Immunol. 165
(2000) 1479–1485.

[48] J.W. Hsu, P.N. Yin, R. Wood, J. Messing, E. Messing, Y.F. Lee, 1 alpha, 25-
dihydroxylvitamin D3 promotes Bacillus Calmette-Guerin immunotherapy of
bladder cancer, Oncotarget. 4 (2013) 2397–2406.

[49] K.A. Heldwein, M.D. Liang, T.K. Andresen, K.E. Thomas, A.M. Marty, N. Cuesta,
et al., TLR2 and TLR4 serve distinct roles in the host immune response against
Mycobacterium bovis BCG, J. Leukoc. Biol. 74 (2003) 277–286.

[50] A.L. Khoo, L.Y. Chai, H.J. Koenen, M. Oosting, A. Steinmeyer, U. Zuegel, et al.,
Vitamin D(3) down-regulates proinflammatory cytokine response to
Mycobacterium tuberculosis through pattern recognition receptors while
inducing protective cathelicidin production, Cytokine 55 (2011) 294–300.

[51] M.K. Lalor, S. Floyd, P. Gorak-Stolinska, R.E. Weir, R. Blitz, K. Branson, et al., BCG
vaccination: a role for vitamin D?, PLoS One. 6 (2011) e16709.
[52] A.K. Coussens, R.J. Wilkinson, Y. Hanifa, V. Nikolayevskyy, P.T. Elkington, K.
Islam, et al., Vitamin D accelerates resolution of inflammatory responses
during tuberculosis treatment, Proc. Natl Acad. Sci. U. S. A 109 (2012) 15449–
15454.

[53] A.T. Ludwig, J.M. Moore, Y. Luo, X. Chen, N.A. Saltsgaver, M.A. O’Donnell, et al.,
Tumor necrosis factor-related apoptosis-inducing ligand: a novel mechanism
for Bacillus Calmette-Guerin-induced antitumor activity, Cancer Res. 64
(2004) 3386–3390.

[54] T.J. Kemp, A.T. Ludwig, J.K. Earel, J.M. Moore, R.L. Vanoosten, B. Moses, et al.,
Neutrophil stimulation with Mycobacterium bovis bacillus Calmette-Guerin
(BCG) results in the release of functional soluble TRAIL/Apo-2L, Blood 106
(2005) 3474–3482.

[55] H. Suttmann, M. Jacobsen, K. Reiss, D. Jocham, A. Bohle, S. Brandau,
Mechanisms of bacillus Calmette-Guerin mediated natural killer cell
activation, J. Urol. 172 (2004) 1490–1495.

[56] H. Suttmann, J. Riemensberger, G. Bentien, D. Schmaltz, M. Stockle, D. Jocham,
et al., Neutrophil granulocytes are required for effective Bacillus Calmette-
Guerin immunotherapy of bladder cancer and orchestrate local immune
responses, Cancer Res. 66 (2006) 8250–8257.

[57] L. Li, D. Qiao, X. Zhang, Z. Liu, C. Wu, The immune responses of central and
effector memory BCG-specific CD4+ T cells in BCG-vaccinated PPD+ donors
were modulated by Treg cells, Immunobiology 216 (2011) 477–484.

[58] A.P. Soares, C.K. Kwong Chung, T. Choice, E.J. Hughes, G. Jacobs, et al.,
Longitudinal changes in CD4(+) T-cell memory responses induced by BCG
vaccination of newborns, J Infect. Dis. 207 (2013) 1084–1094.

[59] O.A. Ovchinnikova, N. Berge, C. Kang, C. Urien, D.F. Ketelhuth, J. Pottier, et al.,
Mycobacterium bovis BCG killed by extended freeze-drying induces an
immunoregulatory profile and protects against atherosclerosis, J Intern. Med.
275 (2014) 49–58.

[60] D.L. Faustman, L. Wang, Y. Okubo, D. Burger, L. Ban, G. Man, et al., Proof-of-
concept, randomized, controlled clinical trial of Bacillus-Calmette-Guerin for
treatment of long-term type 1 diabetes, PLoS One. 7 (2012) e41756.

[61] Y.J. Kim, H.J. Kim, M.J. Kang, H.S. Yu, J.H. Seo, H.Y. Kim, et al., Bacillus Calmette-
Guerin Suppresses Asthmatic Responses via CD4(+)CD25(+) Regulatory T Cells
and Dendritic Cells, Allergy Asthma Immunol. Res. 6 (2014) 201–207.

[62] M.M. Coleman, J. Keane, K.H. Mills, Editorial: Tregs and BCG–dangerous
liaisons in TB, J Leukoc. Biol. 88 (2010) 1067–1069.

[63] S. Burl, U.J. Adetifa, M. Cox, E. Touray, M.O. Ota, A. Marchant, et al., Delaying
bacillus Calmette-Guerin vaccination from birth to 4 1/2 months of age
reduces postvaccination Th1 and IL-17 responses but leads to comparable
mycobacterial responses at 9 months of age, J Immunol. 185 (2010) 2620–
2628.

[64] K. Takeda, S. Akira, TLR signaling pathways, Semin. Immunol. 16 (2004) 3–9.
[65] L.S. Miller, R.L. Modlin, Toll-like receptors in the skin, Semin. Immunopathol.

29 (2007) 15–26.
[66] T.S. Kupper, R.C. Fuhlbrigge, Immune surveillance in the skin: mechanisms and

clinical consequences, Nat. Rev. Immunol. 4 (2004) 211–222.
[67] M.P. Simons, J.M. Moore, T.J. Kemp, T.S. Griffith, Identification of the

mycobacterial subcomponents involved in the release of tumor necrosis
factor-related apoptosis-inducing ligand from human neutrophils, Infect.
Immun. 75 (2007) 1265–1271.

[68] R. Medzhitov, P. Preston-Hurlburt, C.A. Janeway Jr., A human homologue of the
Drosophila Toll protein signals activation of adaptive immunity, Nature 388
(1997) 394–397.

[69] P. Ahmad-Nejad, H. Hacker, M. Rutz, S. Bauer, R.M. Vabulas, H. Wagner,
Bacterial CpG-DNA and lipopolysaccharides activate Toll-like receptors at
distinct cellular compartments, Eur. J Immunol. 32 (2002) 1958–1968.

[70] L. Pompei, S. Jang, B. Zamlynny, S. Ravikumar, A. McBride, S.P. Hickman, P.
Salgame, Disparity in IL-12 release in dendritic cells and macrophages in
response to Mycobacterium tuberculosis is due to use of distinct TLRs, J.
Immunol. 178 (2007) 5192–5199.

[71] J. Kleinnijenhuis, L.A. Joosten, F.L.van de Veerdonk, N. Savage, C.R.van, B.J.
Kullberg, et al., Transcriptional and inflammasome-mediated pathways for the
induction of IL-1beta production by Mycobacterium tuberculosis, Eur, J
Immunol. 39 (2009) 1914–1922.

[72] P.A. Sieling, D. Chatterjee, S.A. Porcelli, T.I. Prigozy, R.J. Mazzaccaro, T. Soriano,
et al., CD1-restricted T cell recognition of microbial lipoglycan antigens,
Science 269 (1995) 227–230.

[73] L.E. DesJardin, T.M. Kaufman, B. Potts, B. Kutzbach, H. Yi, L.S. Schlesinger,
Mycobacterium tuberculosis-infected human macrophages exhibit enhanced
cellular adhesion with increased expression of LFA-1 and ICAM-1 and reduced
expression and/or function of complement receptors, FcgammaRII and the
mannose receptor, Microbiology 148 (2002) 3161–3171.

[74] D. Capece, D. Verzella, M. Fischietti, F. Zazzeroni, E. Alesse, Targeting
costimulatory molecules to improve antitumor immunity, J Biomed.
Biotechnol. 2012 (2012) 926321.

[75] S. Prescott, A.M. Jackson, S.J. Hawkyard, A.B. Alexandroff, K. James,
Mechanisms of action of intravesical bacille Calmette-Guerin: local immune
mechanisms, Clin. Infect. Dis. 31 (Suppl 3) (2000) S91–S93.

[76] F. Saint, J.J. Patard, P. Maille, P. Soyeux, A. Hoznek, L. Salomon, et al., Prognostic
value of a T helper 1 urinary cytokine response after intravesical bacillus
Calmette-Guerin treatment for superficial bladder cancer, J. Urol. 167 (2002)
364–367.

[77] A.M. Jackson, A.B. Alexandroff, M. McIntyre, K. Esuvaranathan, K. James, G.D.
Chisholm, Induction of ICAM 1 expression on bladder tumours by BCG
immunotherapy, J Clin. Pathol. 47 (1994) 309–312.

http://refhub.elsevier.com/S1879-4378(14)00019-9/h0150
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0150
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0155
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0155
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0155
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0155
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0160
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0160
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0160
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0160
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0165
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0165
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0165
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0165
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0170
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0170
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0170
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0170
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0170
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0175
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0175
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0175
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0175
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0180
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0180
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0180
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0180
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0185
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0185
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0185
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0190
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0190
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0190
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0190
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0195
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0195
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0195
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0195
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0195
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0200
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0200
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0200
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0200
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0205
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0205
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0205
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0205
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0205
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0210
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0210
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0210
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0210
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0215
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0215
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0215
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0215
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0215
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0220
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0220
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0225
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0225
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0225
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0450
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0450
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0450
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0235
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0235
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0235
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0235
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0240
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0240
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0240
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0240
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0240
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0245
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0245
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0245
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0250
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0250
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0250
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0255
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0255
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0255
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0255
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0260
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0260
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0265
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0265
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0265
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0265
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0270
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0270
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0270
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0270
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0275
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0275
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0275
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0275
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0280
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0280
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0280
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0285
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0285
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0285
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0285
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0290
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0290
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0290
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0455
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0455
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0455
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0300
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0300
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0300
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0300
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0305
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0305
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0305
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0310
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0310
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0310
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0315
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0315
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0320
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0320
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0320
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0320
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0320
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0325
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0330
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0330
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0335
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0335
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0340
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0340
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0340
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0340
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0345
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0345
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0345
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0350
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0350
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0350
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0355
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0355
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0355
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0355
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0360
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0360
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0360
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0360
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0365
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0365
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0365
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0370
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0370
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0370
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0370
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0370
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0375
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0375
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0375
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0380
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0380
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0380
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0385
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0385
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0385
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0385
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0390
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0390
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0390


N. Talat Iqbal, R. Hussain / Trials in Vaccinology 3 (2014) 143–149 149
[78] M.G. Netea, T. Azam, G. Ferwerda, S.E. Girardin, M. Walsh, J.S. Park, et al., IL-32
synergizes with nucleotide oligomerization domain (NOD) 1 and NOD2
ligands for IL-1beta and IL-6 production through a caspase 1-dependent
mechanism, Proc. Natl. Acad. Sci. U. S. A 102 (2005) 16309–16314.

[79] S. Eyerich, K. Eyerich, D. Pennino, T. Carbone, F. Nasorri, S. Pallotta, et al., Th22
cells represent a distinct human T cell subset involved in epidermal immunity
and remodeling, J. Clin. Invest 119 (2009) 3573–3585.

[80] S. Brandau, H. Suttmann, H.D. Flad, D. Jocham, A. Bohle, Killing of Fas ligand-
resistant renal carcioma cells by interleukin-2- and BCG-activated effector
cells, Cancer Immunol. Immunother. 49 (2000) 369–376.

[81] S. Brandau, J. Riemensberger, M. Jacobsen, D. Kemp, W. Zhao, X. Zhao, et al., NK
cells are essential for effective BCG immunotherapy, Int. J. Cancer 92 (2001)
697–702.

[82] J. Riemensberger, A. Bohle, S. Brandau, IFN-gamma and IL-12 but not IL-10 are
required for local tumour surveillance in a syngeneic model of orthotopic
bladder cancer, Clin. Exp. Immunol. 127 (2002) 20–26.

[83] S.S. Master, S.K. Rampini, A.S. Davis, C. Keller, S. Ehlers, B. Springer, et al.,
Mycobacterium tuberculosis prevents inflammasome activation, Cell Host.
Microbe 3 (2008) 224–232.
[84] P. Johansen, A. Fettelschoss, B. Amstutz, P. Selchow, Y. Waeckerle-Men, P.
Keller, V. Deretic, et al., Relief from Zmp1-mediated arrest of phagosome
maturation is associated with facilitated presentation and enhanced
immunogenicity of mycobacterial antigens, Clin. Vaccine Immunol. 18
(2011) 907–913.

[85] M.A. Noor, S.R. Biyabiani, J. Talati, I.A. Burney, Symptomatic Granulomatous
Prostatitis following Bacillus Calmette-Guerin Immunotherapy for Bladder
Cancer, JPMA, 2002. http://www.jpma.org.pk/full_article_text.php?article_
id=2483.

[86] M. Asghar, M.R. Burney, M. Akmal, Effects of intravesical BCG therapy on
superficial bladder cancer (recurrence and progression), Pak. Armed Forces
Med. J. 54 (2004) 4–6.

[87] T.S. Abidi, M. Tahir, Preliminary evidence for curative effect of BCG on
chemically induced carcinoma of mammary gland of female albino, Pakistan J
Zool 44 (2012) 409–414.

[88] M.T. Orr, E.A. Beebe, T.E. Hudson, J.J. Moon, C.B. Fox, S.G. Reed, et al., A dual TLR
agonist adjuvant enhances the immunogenicity and protective efficacy of the
tuberculosis vaccine antigen ID93, PLoS One. 9 (2014) e83884.

http://refhub.elsevier.com/S1879-4378(14)00019-9/h0395
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0395
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0395
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0395
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0400
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0400
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0400
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0405
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0405
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0405
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0410
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0410
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0410
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0415
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0415
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0415
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0420
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0420
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0420
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0425
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0425
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0425
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0425
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0425
http://www.jpma.org.pk/full_article_text.php?article_id=2483
http://www.jpma.org.pk/full_article_text.php?article_id=2483
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0465
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0465
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0465
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0435
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0435
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0435
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0440
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0440
http://refhub.elsevier.com/S1879-4378(14)00019-9/h0440

	Non-specific immunity of BCG vaccine: A perspective of BCG immunotherapy
	1. History of BCG vaccine
	2. Rationale of BCG use as adjuvants
	2.1 BCG immunotherapy in melanoma cancer
	2.2. BCG immunotherapy in bladder cancer

	3. BCG mediated immune modulation
	3.1. Activation of innate arm
	3.2. Activation of adaptive arm

	4. Conclusion
	Acknowledgement
	References


