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Abstract
Tumor-derived exosomes (TDES) play a vital role in facilitating cancer development and dissemination 
through the trafficking of oncogenic nucleic acids and proteins, such as cytokines and chemokines, 
which remodel the tumor microenvironment (TME) to facilitate malignant traits. This process ultimately 
contributes to tumorigenesis, invasion, metastasis, and treatment resistance. Therefore, restricting cancer-
induced communication with healthy cells by eliminating TDEs may serve as a promising approach to 
curb cancer progression and dissemination. In this commentary, we discuss the pivotal role of tumor-
derived exosomes (TDEs) in cancer progression and metastasis, and propose a novel therapeutic strategy: 
an anti-TDE vaccine. Building on our preliminary work, which showed that pantoprazole can inhibit 
tumor cell proliferation by disrupting TDE secretion and altering the surface charge of secreted TDEs, 
we elaborate on a duplex approach to engineer tumors to produce ‘tagged’ TDEs that are both poorly 
absorbed and targeted for immune clearance. This novel approach can overcome most of the challenges 
of pharmacological inhibition, including off-target effects, wide diversity of biogenesis pathways, and 
drug delivery and specificity.
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Introduction

Exosomes are lipid-bilayered extracellular vesicles (30–150 
nm) secreted by all cells—from prokaryotes to highly specialized 
eukaryotes serving as critical mediators of both local and systemic 
intercellular communication [1–4]. They transport bioactive cargo; 
proteins, nucleic acids, and lipids—from donor cells to recipient 
cells, thereby reprogramming the phenotype and function of target 
cells [5–7]. Under physiological conditions, exosomes released by 
healthy cells deliver regulatory signals that maintain homeostasis and 
coordinate essential biological processes [8]. In contrast, malignant 
cells secrete aberrant exosomes known as tumor-derived exosomes 
(TDEs), which shuttle oncoproteins, non-coding RNAs, and 
metabolites that drive cancer progression [9–11], as exemplified by 
pancreatic-cancer exosomes that drive neoplastic transformation of 
normal recipient cells [12].

Cancer remains a leading cause of global mortality, with 
metastasis accounting for the vast majority of cancer-related 
deaths [13–16]. This complex process persists as a major 
therapeutic challenge, driven significantly by intricate interactions 
between cancerous and non-cancerous cells within the tumor 
microenvironment (TME) [17,18]. Recent evidence underscores the 
pivotal role of TDEs in mediating communication within this cancer 
ecosystem. TDEs profoundly influence tumor invasion, progression, 
survival, metastasis, and resistance to therapy [18,19]. Consequently, 
disrupting this oncogenic signaling network represents a critical 
therapeutic imperative. A novel strategy targeting TDEs—by 
limiting their release from cancer cells and inhibiting their uptake 
by recipient cells—holds significant promise. Such intervention is 
expected to substantially suppress tumor growth and dissemination 
while simultaneously enhancing cancer cell sensitivity to therapeutic 
agents.

In our previous research investigation [20], we developed a 
laboratory-based study primarily focused on evaluating the impact 
of pantoprazole, a proton pump inhibitor (PPI), on the suppression 
of exosomes derived from triple negative breast cancer cells (MDA 
–MB-231), consequently limiting tumor growth. The impact of 
PPI on the suppression of breast cancer-derived exosomes (TDEs) 
secretion and the growth of MDA MB-231 cells was assessed. 
Therefore, MDA MB-231 cells were cultivated in a conditioned 
culture medium (CCM) with or without pantoprazole (100 μg/ml) 
for a duration of 24 hours. In the experimental group, 2 x 10^3 
MDA MB-231 cells were treated with 100 µg/ml of pantoprazole. 
Conversely, the control group consisted of the same number of cells 
that were maintained without pantoprazole treatment. Each group 
underwent three repetitions of the experiments. For the analysis of 
TDEs, the CCM from both groups was collected 24 hours after 
the treatment of cells with pantoprazole in the experimental group, 
while the control group remained untreated with pantoprazole. 
TDEs were extracted from the supernatant of cell cultures using 
an ultracentrifugation method, and the resulting pellets (Figure 
1a) were assessed. Following the isolation of TDEs, various 
characterization techniques were employed, such as visualizing TDE 
morphology through transmission electron microscopy (TEM) 
(Figure 1b) and assessing particle size distribution via nanoparticle 
tracking analysis (NTA) (Figure 1c). The preliminary results of our 
study suggest that pantoprazole significantly decreased the secretion 
of TDEs (Figure 1d) and suppressed the growth of MDA MB-231 
cells (Figure 1e). Furthermore, pantoprazole modified the surface 

charge of TDEs (Figure 1f), making them less negatively charged. 
This alteration subsequently disrupted the electrostatic interaction 
between TDEs and target cells, thus impeding their selective uptake. 
This is because the presence of a negative surface charge on exosomes 
influences binding by enhancing interactions with positively charged 
components on the membranes of target cells [21,22]. Conversely, 
the analysis of the molecular content carried by TDEs indicated a 
high presence of miRNAs linked to cancer (Figure 1f).

These findings add pantoprazole to a growing list of 
pharmacological agents that have shown the ability to inhibit the 
secretion of TDEs. Several challenges are hindering the clinical 
efficacy of pharmacological inhibition of TDE secretion, including 
limited target specificity, wide diversity of biogenesis pathways, 
pharmacokinetics and drug delivery challenges, off-target effects and 
toxicity, and drug resistance [23–25]. Therefore, innovative strategies 
that can inhibit TDE secretion or uptake while overcoming the 
limitations of pharmacological inhibition are needed to harness the 
potential of these pathways to control and eradicate tumors.

Novel Approaches of Targeting TDEs to Restrict 
Cancer Progression and Metastasis

In our recently published paper [26], we introduced an 
innovative approach for creating anti-TDE vaccines to manage 
cancer progression and metastasis.  This approach can overcome 
most hurdles to pharmacological inhibition of TDE biogenesis 
and secretion. The anti-TDE vaccine functions by disrupting the 
TDE-mediated transfer of oncogenic signaling molecules to normal 
cells, thereby curtailing their pro-tumorigenic effects. The primary 
concept behind the development of an anti-TDE vaccine is to 
engineer solid tumors to generate modified TDEs that express a 
foreign antigen (antigen-tagged TDEs) on their surface, triggering 
an immune response. The activation of the immune response by the 
foreign antigen will prompt immune cells to eliminate all antigen-
tagged TDEs [26]. By intercepting TDE-mediated communication, 
this approach aims to halt the tumor-promoting alterations in the 
microenvironment and sensitize cancers to therapy.

In addition to tagging TDEs with foreign antigens to elicit 
immune clearance, engineering strategies can be utilized to inhibit 
the uptake of TDEs by target cells by the knockout of specific 
genes that encode distinct transmembrane proteins predominantly 
expressed by TDEs to enhance their selective uptake by targeted 
recipient cells to potentiate the efficacy of the anti-TDE vaccine. 
This duplex strategy of modifying tumor cells to secrete TDEs 
lacking ligands that mediate their selective uptake by target cells, 
along with surface engineering of TDEs to display foreign antigens, 
will effectively obstruct TDE-mediated oncogenic communication 
(Figure 2). 

The inability of target cells to uptake antigen-tagged TDEs will 
lead to their accumulation in the extracellular space, making them 
available for immune clearance. Overall, the intended goal of the anti-
TDE vaccine is to significantly inhibit the TDE-mediated transfer 
of oncogenic signals, thereby suppressing tumor growth, metastasis, 
and enhancing the sensitivity of cancer cells to oncotherapy.

Conclusion and Perspectives

Our research study has demonstrated that the suppression of 
TDEs secretion correlates with the inhibition of cancer cell growth. 
This phenomenon is believed to be attributed to the disruption 
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Figure 1. Characterization of TDEs. a. Pellets of TDES obtained from the breast cancer cell line (MDA MB-231) through ultracentrifugation. b. 
TEM image verifying that the particles we isolated were indeed TDES. c. NTA image illustrating the size distribution of TDEs. d. Comparison of TDEs 
concentration between the experimental group and the control group. e. Number of MDA MB-231 cells cultured in both the experimental and 
control groups. f. Surface charge of TDEs isolated from the cell culture supernatant, treated with PPI and without PPI. g. List of miRNAs extracted 
from TDES.

Figure 2. Engineering of primary tumor cells to secrete immunogenic TDEs and TDEs deficient in a specific tetraspanin of interest. a. Formation 
and release of TDEs (non-immunogenic) by a tumor cell. b. Selective uptake of non-immunogenic TDEs secreted by a cancer cell. c. Vector-based 
surface engineering of TDEs expressing foreign antigen to induce an immune reaction. d. Engineering of TDEs deficient in the tetraspanin protein of 
interest using the CRISPR/Cas-9 gene editing system. e. Inhibition of the selective uptake of TDES by target cells due to the lack of transmembrane 
tetraspanin protein of interest that facilitates specific binding and internalization.
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of the exchange of oncogenic signaling molecules. Therefore, the 
proposed intervention of developing anti-TDE vaccines is crucial for 
controlling tumor growth, preventing metastasis, and improving the 
responsiveness of cancer cells to conventional therapies. This strategy 
encompasses comprehensive measures aimed at targeting TDEs 
secretion, inhibiting the specific uptake of TDEs by recipient cells, 
and facilitating their elimination through immune surveillance/life-
long immunity. 

Several challenges need to be addressed before the clinical 
translation of the proposed strategies can be achieved. First, this 
strategy requires highly efficient tools to transduce tumor cells with 
genes encoding foreign proteins or to knock down genes encoding 
vital proteins required for TDE uptake. While several tools are 
available for cellular transduction, such as CRISPR/Cas9 systems and 
viral vectors, achieving such high transduction efficiencies remains 
challenging. Furthermore, several biological challenges remain, 
such as the possibility of autoimmune reactions triggered by tagged 
proteins and tumor cells acquiring the ability to stop producing the 
tag or secreting other types of vesicles, such as microvesicles that can 
have similar pro-tumorigenic effects as TDEs.

Future work should focus on testing the proposed strategy in 
relevant animal models before moving to translational research. For 
instance, tumors can be engineered in mouse models to evaluate the 
transduction efficiencies, characterize the incorporation of foreign 
protein tags in secreted TDEs, measure immunological markers of 
anti-TDE immunity and TDE clearance, as well as evaluate the 
effects on tumor growth and metastasis.
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