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Abstract

Triple-negative breast cancer (TNBC) remains a major clinical challenge due to the absence of validated
molecular targets and limited durability of current immunotherapies. Survivin, a tumor-associated
inhibitor of apoptosis, is highly expressed in TNBC and contributes to tumor progression, therapeutic
resistance, and poor clinical outcomes, making it an attractive but immunologically challenging target.
In this commentary, we discuss recent preclinical findings describing a rationally engineered dendritic
cell targeted anti-Survivin vaccine, | Survivin-LTB, designed to overcome immune tolerance to this self-
antigen. The reported study demonstrates strong induction of humoral and cellular immune responses,
significant inhibition of tumor growth, modulation of angiogenesis and apoptotic pathways, and an
encouraging safety profile in a murine TNBC model. We highlight the immunological principles underlying
this vaccine strategy, critically evaluate its translational potential, and discuss future directions, including
mechanistic immune profiling and combinatorial treatment approaches. Collectively, these findings
highlight the potential of Survivin-directed vaccination to complement existing immunotherapies and
provide a conceptual framework for developing advanced cancer vaccines targeting self-antigens in
immunologically resistant tumors such as TNBC.
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Commentary

Triple-negative breast cancer (TNBC) continues to represent one of the most difficult malignancies
to treat in oncology. Characterized by the absence of estrogen receptor, progesterone receptor, and
HER?2 expression, TNBC lacks validated molecular targets and is associated with aggressive clinical
behavior, early metastasis, and high rates of recurrence [1-3]. Majority of TNBC cases fail to mount
durable anti-tumor immune responses. This limitation has generated interest in therapeutic strategies
that actively prime tumor-specific immunity rather than relying solely on the reinvigoration of
pre-existing immune responses. In this context, the study by Rashid et al. [4] offers an important
contribution by evaluating a rationally engineered Survivin-targeted vaccine, _ Survivin-LTB,
formulated with Mycobacterium indicus pranii (MIP). It provides a good insight into how immune
tolerance to a tumor-associated self-antigen can be modulated at the cellular level.

Survivin occupies a unique position among tumor antigens. As a member of the inhibitor of
apoptosis (IAP) family, it is critically involved in mitotic progression, inhibition of Caspase activation,
and maintenance of cellular viability (Figure 1) [5]. Its overexpression in a large number of malignant
tissues, combined with minimal expression in most differentiated adult tissues, makes Survivin an
attractive immunotherapeutic target [6,7].

However, as a self-protein, Survivin is subject to central and peripheral tolerance mechanisms that
limit the magnitude and quality of immune responses directed against it. The ability to overcome this
tolerance without inducing autoimmunity represents a major conceptual hurdle in cancer vaccine
development [8]. The present study addresses this challenge through a multi-component vaccine
design that integrates antigen targeting, innate immune activation, and adjuvant synergy.

This article is originally published by ProBiologists, and is freely available at probiologists.com
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Figure 1. Survivin as a central regulator of tumorigenesis (adapted from established Survivin signaling pathways). (A) Inhibition of
apoptosis. Survivin suppresses intrinsic and extrinsic apoptotic pathways by inhibiting Caspase-3, 7, and 9 in a CDK1 dependent manner, thereby
promoting tumor cell survival. (B) Cell cycle regulation and mitosis. Cell cycle dependent expression of Survivin via CDK1/CDK4 elements, with
peak levels at G2/M and localization to centromeres, mitotic spindle, and midbody to regulate mitosis and cytokinesis. (C) Crosstalk with p53
signaling. Reciprocal regulation between Survivin and p53, where wild-type p53 represses Survivin transcription, while Survivin promotes p53
degradation via the Caspase-3/MDM2 axis. (D) Wnt/B-catenin signaling. Activation of Wnt/B-catenin signaling induces Survivin transcription
through B-catenin/TCF complexes, enhancing proliferation and resistance to apoptosis. (E) Hypoxia, STAT3, and Notch signaling. Hypoxia-induced
HIF-1a, constitutively active STAT3, and Notch-1 signaling converge to upregulate Survivin transcription, promoting survival, mitotic progression,
and therapy resistance. (F) Negative regulation by TGF-B. TGF-f3 suppresses Survivin expression via Smad2/3-dependent recruitment of Rb/E2F4

repressor complexes to CDE/CHR promoter elements.

A key conceptual strength of the || Survivin-ITB vaccine lies in
its focus on antigen delivery and presentation rather than antigen
identity alone. Targeting Survivin to dendritic cells via DEC205
exploits a well-characterized endocytic receptor involved in antigen
uptake and cross-presentation [9,10]. From a cellular immunology
standpoint, this strategy is particularly relevant because efficient cross-
presentation is a prerequisite for the activation of cytotoxic CD8* T
lymphocytes against intracellular tumor antigens. By enhancing the
probability that Survivin-derived peptides are presented on MHC
class I molecules in an immune-activating environment, the vaccine
is designed to overcome immune tolerance and promote effective
anti-tumor T-cell responses [11,12].

The inclusion of the Escherichia coli heat-labile enterotoxin B
subunit (LTB) further strengthens this approach by providing
potent immunostimulatory signals. LTB has been shown to enhance
antigen uptake, promote dendritic cell maturation, and amplify
co-stimulatory signaling [13,14]. In the context of a self-antigen
vaccine, such “danger signals” are essential for converting antigen
recognition from a tolerogenic to an immunogenic event. The
study’s findings suggest that LTB contributes not only to enhanced
humoral responses but also to the qualitative programming of
cellular immunity, an important yet often overlooked factor in
cancer vaccine design [15,16].

The importance of vaccine-induced immunity is further signified

by the dose-optimization experiments. The observation that antibody
titers increased progressively up to an optimal dose and plateaued
thereafter highlights a fundamental principle of immune regulation:
more antigen does not necessarily equate to better immunity.
Excessive antigen exposure, particularly in the context of self-proteins,
can promote T-cell anergy, exhaustion, or the expansion of regulatory
populations [17,18]. The identification of an optimal immunogenic
dose therefore reflects an understanding of immune thresholds and
reinforces the notion that effective vaccination requires precise tuning
of antigenic and inflammatory signals [19,20].

Another notable feature of the study is the demonstrated synergy
between alum and MIP. Alum has been a commonly used adjuvant in
human vaccines and is well known for its ability to enhance antibody
responses through depot formation and inflammasome activation
[21]. However, alum alone is often insufficient to elicit robust Th1 or
cytotoxic T-cell responses, which are critical for tumor control [22].
The addition of MIP, a heat-killed mycobacterial preparation with
strong innate immune-activating properties, appears to complement
alum by promoting Th1-skewed immunity and enhancing dendritic
cell activation [23]. From a cellular immunology perspective,
this combination likely engages multiple receptors and signaling
pathways, resulting in a more balanced Th1/Th2 immune milieu
capable of supporting both antibody production and cytotoxic
effector function.
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The functional consequences of this immune programming are
evident in the reported tumor growth inhibition and survival benefit
in vaccinated mice. Importantly, the study demonstrates that tumor
control persists even as circulating antibody titers decline following
tumor challenge. This suggests that humoral immunity, while
contributory, is unlikely the sole mediator of anti-tumor efficacy.
Instead, the elevated levels of Granzyme B and Thl-associated
cytokines such as IFN-y and IL-12 point toward the activation of
cytotoxic lymphocytes as a dominant effector mechanism. Granzyme
B-mediated apoptosis represents a canonical pathway by which
CD8' T cells and natural killer cells eliminate malignant targets, and
its sustained elevation provides indirect evidence of ongoing cellular
immune engagement [24].

Beyond direct tumor cell killing, the study highlights the
capacity of vaccine-induced immunity to remodel the tumor
microenvironment. The observed reduction in vascular endothelial
growth factor (VEGF) expression in vaccinated tumors suggests
that immune pressure can suppress angiogenic pathways that
are essential for tumor growth and dissemination. This finding is
particularly relevant in TNBC, where angiogenesis contributes to
rapid progression and metastatic spread. Concurrently, increased
expression of Caspase-3 in tumor tissues indicates restoration of
apoptotic sensitivity, that cancer cells often evade programmed cell
death. Together, these observations illustrate how immune responses
can exert multi-dimensional control over tumor biology, extending
beyond direct cytotoxicity to influence stromal and vascular
components.

The cytokine kinetics reported in this study offer additional
insight into immune regulation over time. The delayed yet sustained
elevation of IL-2, IL-12, and IFN-y suggests prolonged immune
activation rather than an acute inflammatory burst. Such patterns
are consistent with the development of memory-like immune
responses capable of responding to ongoing antigenic stimulation.
The subsequent decline in cytokine levels may reflect the activation
of regulatory pathways that limit immune-mediated pathology
and restore homeostasis. From a translational perspective, this
balance between sustained effector function and immune regulation
is desirable, as it reduces the risk of chronic inflammation or
autoimmunity.

Safety is a major concern when vaccines target self-antigens,
especially proteins like Survivin that play important roles in
normal cell function. Therefore, the lack of observable toxicity,
organ damage, or metabolic problems in vaccinated animals is an
important observation. These results suggest that tumor-associated
self-antigens can be safely targeted by the immune system when
antigen presentation is carefully regulated and limited to cancer
cells. However, further long-term studies and detailed evaluations of
possible unintended effects, will be essential before this strategy can
be applied clinically.

Despite its strengths, the study also highlights areas that warrant
further investigation. The relative contributions of CD8" T cells,
CD4* helper subsets, regulatory T cells, and innate lymphoid
populations to tumor control remain to be fully elucidated. Detailed
phenotypic and functional analyses of tumor-infiltrating immune
cells would provide valuable insight into the cellular networks driving
vaccine efficacy. Moreover, while prophylactic vaccination models
are informative, evaluation in therapeutic settings, where established
tumors exert strong immunosuppressive effects, will be critical to

assess clinical relevance. Combination strategies incorporating
immune checkpoint blockade, chemotherapy, or radiotherapy may
further enhance vaccine efficacy by alleviating tumor-mediated
immune suppression.

In a broader context, this work contributes to an evolving
shift in cancer immunology that focuses on training the immune
system rather than rescuing a failing immune response. By actively
programming the immune system to recognize and respond to
tumor-associated self-antigens, vaccines such as peSurvivin-LTB have
the potential to complement existing immunotherapies and expand
the pool of patients who benefit from immune-based interventions.
The principles demonstrated here: targeted antigen delivery, adjuvant
synergy, immune calibration, and microenvironmental modulation,
are broadly applicable and may guide the development of next-
generation vaccines targeting other cancer-related self-proteins.

In conclusion, the study [4] shows that rational vaccine engineering
based on principles of cellular immunology can overcome intrinsic
immune tolerance to Survivin and generate functionally meaningful
anti-tumor immunity in TNBC. By integrating dendritic cell
targeting, innate immune activation, and balanced Th1/Th2
responses, the | Survivin-LTB platform represents an advanced
strategy for cancer vaccine development. Beyond its immediate
implications for Survivin-expressing tumors, this work offers a
conceptual framework for harnessing the immune system against
malignancies that resist immunological control.

Clinical and Translational Implications

From a translational perspective, the | Survivin-LTB vaccine shows
strong potential for use as a part of multimodal treatment strategies
for Survivin-expressing malignancies. Its favorable safety profile,
combined with durable immune response, supports potential use
in adjuvant settings, particularly following surgical tumor resection
when immunosuppressive tumor burden is reduced. Moreover,
the modular design of this vaccine platform, combining dendritic
cell targeting, immune-stimulating components, and clinically
acceptable adjuvants, allows it to be adapted for use against other
tumor-associated self-antigens. Future evaluation in therapeutic
models, humanized systems, and early-phase clinical trials will be
critical to define its role in personalized cancer immunotherapy
and to determine whether Survivin-directed vaccination can
meaningfully reduce recurrence and metastatic progression in high-

risk cancers such as TNBC.
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