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Abstract- Small extracellular vesicles secreted by most cell types have been crucial for intercellular communication in 

transferring biologically active molecules, such as proteins, lipids, and RNA. The vesicles regulate the physiological processes 

that contribute to pathological conditions such as cancer. Exposure to heavy metals, including arsenic, cadmium, and lead, 

disrupts communication by interfering with the biogenesis of exosomes, the cargo that is transferred within them, and their 

release. This review discusses the molecular mechanisms through which heavy metals affect exosomes, their downstream effects 

on recipient cells, and the potential of exosome-based biomarkers for detecting and mitigating heavy metal toxicity. The 

discussion also brings out therapeutic opportunities and future research directions. 
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I. INTRODUCTION 

 
Exosomes are small extracellular vesicles, averaging between 

30 and 150 nm in diameter. They are released by multiple cell 

types. These vesicles play a critical role in intercellular 

communication. They facilitate the transfer of bioactive 

molecules, including proteins, lipids, and nucleic acids, across 

cells (Zhang et al., 2020). In the context of diseases, exosomes 

can be hijacked by cancer cells, neurodegenerative disorders, 

and viral infections, which may influence disease progression 

and therapeutic responses (Araujo-Abad et al., 2024; 

Pharmaceutics, 2021). Heavy metals and persistent 

environmental pollutants disrupt exosome composition and 

function, influencing cellular communication and contributing 

to disease progression (Khan et al., 2021). 

 

II. HEAVY METALS AND EXOSOME 

BIOGENESIS 
 

The presence of heavy metals, such as lead, cadmium, and 

mercury, has been shown to significantly interfere with both 

the biogenesis and functionality of exosomes, thereby 

affecting cellular communication and playing a role in a 

variety of disease mechanisms. Exposure to these toxic metals 

can alter the composition of exosomes, leading to the release 

of pro-inflammatory and cytotoxic factors that enhance tissue 

damage and promote the progression of disease (Khan et al., 

2023). For instance, the existence of heavy metals can cause 

oxidative stress related to alterations in molecular mechanisms 

of exosome biogenesis.  

Changes in Exosomal Cargo Following Heavy Metal 

Exposure 

It has been found that exposure to heavy metals such as 

arsenic, cadmium, and lead is highly capable of changing the 

exosome content that plays an important role in intercellular 

communication. 

 

Table 1: Altered Exosomal Cargo and Their Implications 

under Heavy Metal Exposure 
Heavy 

Metal 

Alteration in 

Exosomal Cargo 

Implications Citation 

Cadmium Increased levels of 

pro-inflammatory 

microRNAs 

Promotes 

inflammation 

and apoptosis 

in target cells 

Wang 

et al. 

(2022) 

Lead Altered protein 

composition, 

including stress 

response proteins 

Disrupts 

cellular 

homeostasis 

and enhances 

oxidative 

stress 

Zhao et 

al. 

(2023) 

Arsenic Enhanced secretion of 

exosomes containing 

metallothionein’s 

Involved in 

detoxification 

processes and 

cellular 

defense 

Chen et 

al. 

(2024) 

Mercury Changes in lipid 

composition of 

exosomes 

Affects 

membrane 

fluidity and 

exosome 

stability 

Liu et 

al. 

(2021) 
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Nickel Increased exosomal 

miRNAs associated 

with cell proliferation 

May 

contribute to 

tumorigenesis 

and cancer 

progression 

Zhang 

et al. 

(2020) 

 

These include changes within the ESCRT pathway that makes 

up part of the endosomal sorting complexes necessary for 

transport (Zhang et al., 2022). Moreover, studies have shown 

that heavy metal exposure can induce the release of exosomes 

that are highly loaded with microRNAs that regulate 

inflammatory pathways, thus significantly contributing to 

neurodegenerative disease development (Li et al., 2024). 

These findings highlight the critical role of exosomes as 

vectors of heavy metal-induced toxicity and bring attention to 

their potential as biomarkers for monitoring environmental 

exposure and disease progression.  

 

III. EFFECTS ON RECIPIENT CELLS 
 

Effect on 

Recipient Cells 

Description Citation 

Cell 

Communication 

Exosomes facilitate intercellular 

communication by transferring 

bioactive molecules, including 

proteins, lipids, and RNAs, which 

can alter the behavior of recipient 

cells. 

Wang et 

al. 

(2020) 

Lipid 

Metabolism 

Modulation 

Exosomes can deliver lipid-

modifying enzymes and 

microRNAs that regulate lipid 

transporters, influencing 

conditions like atherosclerosis and 

obesity. 

Xie et al. 

(2018) 

Immune 

Response 

Regulation 

Tumor-derived exosomes often 

carry immunosuppressive signals 

that inhibit T cell function, 

promoting a pro-tumorigenic 

environment. 

Yu et al. 

(2015) 

Tumor Growth 

and Metastasis 

Exosomes from cancer cells can 

enhance tumor growth and 

metastasis by reprogramming 

neighboring cells through the 

transfer of oncogenic proteins and 

RNAs. 

Zhao et 

al. 

(2023) 

Inflammation 

and Apoptosis 

Exosomes can carry pro-

inflammatory cytokines and 

apoptotic signals, inducing cell 

death in target cells, contributing 

to tissue remodeling and disease 

progression. 

Sano et 

al. 

(2014) 

Drug Delivery 

Systems 

Exosomes are being explored as 

potential drug delivery vehicles, 

enhancing the targeted delivery of 

therapeutics to specific cells. 

Wang et 

al. 

(2020) 

 

 

 

IV. EXOSOMES AS BIOMARKERS OF 

HEAVY METAL EXPOSURE 
 

Heavy 

Metal 

Biomarker 

Identified 

Description Citation 

Lead Exosomal 

microRNAs 

(miRNAs) 

Altered miRNA 

profiles in 

exosomes can 

indicate lead 

exposure and its 

effects on cellular 

processes. 

Wang 

et al. 

(2021) 

Cadmium Exosomal 

proteins (e.g., 

metallothioneins) 

Increased levels of 

metallothionein’s in 

exosomes serve as 

indicators of 

cadmium exposure 

and detoxification 

processes. 

Zhang 

et al. 

(2022) 

Arsenic Exosomal DNA 

methylation 

patterns 

Changes in DNA 

methylation patterns 

in exosomes can 

reflect arsenic 

exposure and its 

epigenetic effects. 

Li et al. 

(2023) 

Mercury Exosomal lipid 

profiles 

Alterations in lipid 

composition of 

exosomes can serve 

as biomarkers for 

mercury exposure 

and its impact on 

cellular membranes. 

Liu et 

al. 

(2021) 

Nickel Exosomal 

proteins and 

RNAs 

Specific proteins 

and RNAs in 

exosomes can 

indicate nickel 

exposure and its 

role in 

carcinogenesis. 

Chen et 

al. 

(2024) 

 

V. THERAPEUTIC IMPLICATIONS 
 

Utilization of exosomes has great promise for therapeutic 

interventions. Drug Delivery Systems: Exosomes can be 

engineered to encapsulate therapeutic compounds, including 

small molecules, proteins, and nucleic acids such as siRNA 

and miRNA. This mode of delivery is precise and increases 

the efficacy of treatment while minimizing adverse effects 

(Zhang et al., 2020). 

 

Cancer Therapy: Exosomes sourced from dendritic cells have 

the potential to function as vaccines that activate immune 

responses aimed at tumors. These exosomes are capable of 

transporting tumor-associated antigens, which facilitate the 

stimulation of T cells in their fight against cancerous cells 

(Kamerkar et al., 2017). 
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Regenerative Medicine: Exosomes obtained from stem cells 

exhibit promise in facilitating tissue repair and regeneration 

processes. They possess the ability to convey growth factors 

and signaling molecules that improve wound healing and 

promote tissue regeneration (Lai et al., 2015). 

 

Neuroprotection: Exosomes may be considered to have the 

potential of neuroprotection in neurodegenerative disorders. 

They can carry neuroprotective agents and are believed to 

have anti-inflammatory functions that contribute to 

decelerated progression of diseases. Alvarez-Erviti et al. 

(2011) 

 

Biomarker Discovery: Besides their therapeutic potential, 

exosomes may also function as diagnostic and monitoring 

biomarkers in diseases. The cargo would reflect the 

physiological state of its parent cells and may provide insights 

into disease progression or response to therapy. Moutinho-

Ribeiro et al. (2022). 

 

Challenges and Future Directions 
Challenges Description Future 

Directions 

Citation 

Isolation and 

Purification 

Current 

methods for 

isolating 

exosomes can 

be time-

consuming and 

may yield low 

purity. 

Development 

of 

standardized 

protocols for 

exosome 

isolation to 

improve yield 

and purity. 

Thery et 

al. (2018) 

Characterization Comprehensive 

characterization 

of exosome 

cargo (proteins, 

lipids, RNAs) is 

still lacking. 

Advanced 

techniques 

(e.g., mass 

spectrometry, 

RNA 

sequencing) 

for detailed 

cargo 

analysis. 

Lötvall et 

al. (2014) 

Heterogeneity Exosomes 

exhibit 

significant 

heterogeneity in 

size, 

composition, 

and function, 

complicating 

their study. 

Research into 

the biological 

significance 

of exosome 

heterogeneity 

and its 

implications 

for therapy. 

Kalluri & 

LeBleu 

(2020) 

Therapeutic 

Delivery 

Ensuring 

efficient and 

targeted 

delivery of 

exosome-based 

therapies 

remains a 

challenge. 

Engineering 

exosomes for 

enhanced 

targeting and 

controlled 

release of 

therapeutic 

agents. 

Zhang et 

al. (2020) 

Regulatory 

Issues 

Lack of clear 

regulatory 

guidelines for 

exosome-based 

therapeutics can 

hinder clinical 

translation. 

Establishment 

of regulatory 

frameworks 

to facilitate 

the approval 

of exosome-

based 

therapies. 

Kalluri & 

LeBleu 

(2020) 

Clinical 

Translation 

Limited clinical 

trials and data 

on the efficacy 

and safety of 

exosome 

therapies. 

Increased 

investment in 

clinical 

research to 

validate the 

therapeutic 

potential of 

exosomes. 

Moutinho-

Ribeiro et 

al. (2022) 

 

VI. CONCLUSION 
 

Heavy metals can strongly interfere with cell-to-cell 

communication due to the fact that they alter the formation, 

composition, and function of exosomes. Exosomes are small 

vesicles external to cells that help in the transfer of important 

molecules between cells. Exposure to heavy metals severely 

impairs exosomes, leading to inflammation, oxidative stress, 

and the growth of cancer. Besides, exosomes may become a 

potential biomarker to determine how cells respond to heavy 

metal toxicity and be a new treatment strategy for diseases 

triggered by such exposure. Although they hold great promise, 

there are problems regarding isolation, characterization, and 

clinical use. It would be great if the issues could be addressed 

to bring exosome-based technologies toward improvement 

and expand our knowledge of how they assist in reducing the 

negative impact caused by heavy metal exposure in cell 

communication. 
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