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ABSTRACT 

Introduction and purpose: Microplastics (MPs) are defined as particles smaller than 5 mm. They are ubiquitous 
environmental pollutants. They enter the human body primarily through food, water and inhaled air. This paper focuses on 
a collection of scientific studies concerning the accumulation of MPs in human tissues and their impact on cancer 
development, also considering the role of MPs as carriers of known carcinogens. 
Brief description of the state of knowledge: In recent years, MPs have attracted considerable scientific attention. Their 
effects on human health, including oncology, have begun to be investigated. This area remains poorly studied, although new 
publications are emerging rapidly. Systematic reviews specifically addressing the oncological consequences of MPs are also 
lacking. Therefore, we see the need to summarize the current state of knowledge in this aspect. 
Summary (conclusions): Increased levels of polyethylene (PE), polypropylene (PP), polystyrene (PS) and polyvinyl 
chloride (PVC) have been detected in tumor tissues such as breast, colorectal, pancreatic, prostate, lung and cervical cancers. 
In vitro and in vivo studies show that MPs stimulate tumorigenesis by enhancing cell proliferation, epithelial-mesenchymal 
transition, migration and activation on oncogenic PI3K/AKT and MAPK/ERK pathways. Moreover, MPs can serve as 
vectors for carcinogens (for example, polycyclic aromatic hydrocarbons and bisphenols). We hope this review will help 
guide future research directions. 
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Introduction 

Microplastics (MPs) are defined as plastic fragments with diameters below 5 mm. They are ubiquitous 

in the human environment [1]. Globally, nearly 400 million tons of plastic are produced annually. Over time, 

plastic degrades into ever smaller particles that enter the environment and threaten human health [2]. 

MPs enter the human body via various ways. The main routes are food, water and inhaled air, but also 

can penetrate through skin contact [3]. Among these, the gastrointestinal route is the most significant [4, 5]. 

MPs have been detected, for example, in honey, seafood, drinking water, milk, soft drinks and beer [6–8]. 

Worldwide, MPs have been found in 83% of tap water samples [9]. On average, humans ingest between 

0, 1 and 5 g of MPs via food (roughly the mass of a credit card) [10]. 

Advances in MP detection are owed to modern technologies. Currently used methods include Fourier-

transform infrared spectroscopy (FTIR), mass spectrometry, scanning electron microscopy with energy-

dispersive X-ray spectroscopy (SEM-EDX), Raman spectroscopy and thermal analysis techniques. These 

allow far more precise chemical identification compared to visual inspection [11]. 

Analyses of human fecal samples have revealed nine types of MPs, dominated by polypropylene and 

polyethylene terephthalate [12]. From the gastrointestinal tract, MPs can translocate into the bloodstream and 

then into tissues, where they accumulate [13–15]. MPs have been detected in blood and clotted blood, various 

bodily fluids, urine, semen and tissues including lung, kidney, liver, heart, prostate and placenta, as well as in 

newborn meconium [8, 13, 16]. 

Experimental studies have shown that MPs possess toxic properties. Observed effects include oxidative 

stress, immune system activation and inflammation [17–19]. Furthermore, harmful substances (including 

chemicals or toxins) can absorb onto the MP surface, increasing their toxicity [20]. 

As reported by the World Health Organization (WHO), cancer ranks among the top causesof death 

worldwide. Cancer develops in stages from genetic mutations that disrupt the cell cycle, leading to uncontrolled 

cell division and tumor formation, ultimately resulting in metastasis and suppressed antitumor immune 

responses [21]. MP may potentially promote each of these stages, a concern supported by growing evidence 

that MPs may increase cancer risk [22]. 

 

Objective 

The objective of this review is to summarize the current state of knowledge on the presence of MPs in 

tumor tissues and their influence on oncogenic processes. 

 

Material and Methods 

For the purpose of searching scientific publications, the PubMed, Google Scholar and ScienceDirect 

databases were used with the search term”microplastics human”. Publications from 2020 to 2025 were 

considered. After reviewing abstracts, original open-access in English articles describing the association 

between MPs and cancer were selected. 
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Description of State of Knowledge 

Presence of Microplastics in tumors 

One study assessed MP content in tumor tissues from patients with various cancers identified 13 types 

of plastics, most frequently polyethylene (PE), polypropylene (PP) and PE-co-PP copolymer. The highest MPs 

concentration and diversity were found in blood and tumor tissues. Interestingly, they showed higher MP 

concentrations than adjacent non-tumor tissues [16]. 

Using FTIR, Raman and laser-direct infrared spectroscopy, MPs were detected in 40% of tumor tissue 

samples from colorectal, gastric, esophageal, pancreatic, lung and cervical cancers. PE, PS and PVC were most 

frequent, occasionally co-occurring [23].In colorectal cancer, MP levels were significantly higher than in 

control samples from healthy individuals [24]. A study on penile cancer found MPs in 85, 3% of patients, 

identifying nine polymer types sized 20-50 μm, averaging 6, 42 particles/g [25]. In prostate cancer, PE, PP and 

PVC were detected, while PS was found exclusively in the tumor tissue [26]. 

Fibers were the predominant form of MPs. In colorectal cancer they constituted 96, 1% of findings. 

These fibres were typically 0, 8-1, 6 mm long [27]. 

In cervical cancer, more advanced stages correlated with higher PP and PE concentrations. MP levels 

also correlated with patient age, BMI and dietary habits. Patients consuming take-away meals in plastic 

packaging and bottled water had elevated MP levels [16, 26, 28]. 

The key information on the presence of MPs in cancer has been summarized in Figure 1. These findings 

demonstrate the diversity and penetrative ability of MPs in the human body and their correlation with cancer 

presence. More studies are needed to analyze MP content across diverse tumor types. 

 

 
Fig. 1. Summary of key information on MPs detected in cancers [16, 23-28] 

 

Microplastics’ effects on tumor biology 

In In vitro studies, the effects of irregular polypropylene particles (PPMP) on breast cancer cells were 

examined. The particles were selected to resemble those naturally found in the environment - irregular in shape 

and with sharp edges. Changes in the cell cycle were observed in the sample. The S/G2/M phases were 

prolonged. The expression of genes related to adenylate cyclase activity and cell-matrix adhesion was 

abnormal. Fatty-acid metabolism was disrupted, and there was also an increase in the secretion of the pro-

inflammatory cytokine IL-6. Notably, only cancer cells were affected. Normal cells showed no changes [29]. 

Another study found that breast cancer cell endocytosed PS-MPs via anexin A2 binding, leading to mitophagy 

due to IL-17 exocytosis inhibition, damaging mitochondria [30]. In cutaneous squamous cell carcinoma, which 
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is known for its sensitivity to environmental stimuli, it was observed that plastic accumulates in a dose-

dependent and time-dependent manner. Among the tests performed were the MTT assay, laser confocal 

microscopy, flow cytometry and Western blot. An increase in mitochondrial reactive oxygen species (ROS) 

was observed, which led to changes in mitochondrial membrane activity and the release of mtDNA. This 

ultimately activated the NLRP3 inflammasome and induced cell division. In healthy epidermal cells, MPs 

caused cell death [31]. 

Upon exposure to PS, colorectal cancer cells internalized its particles, which subsequently accumulated in 

the perinuclear region. After a short period of exposure, an increase in cell migration was observed, indicating a 

potential risk of metastasis [32]. Ps-MPs accumulated in a gastric cancer model. It was found that they induced 

an increase in N-cadherin expression and decreased in E-cadherin expression, promoting epithelial-mesenchymal 

transition. Additionally, the expression levels of CD44 and ASGR2 were elevated, which contributed to an 

unfavorable outcome by increasing resistance to multiple drugs [33]. Polyethylene terephalate (PET) in breast 

cancer cells demonstrated strong cytotoxicity towards breast cancer cells. They inhibited the PI3K/AKT and 

MAPK/ERK signaling pathways, which are HER2-dependent [21]. In glioma models, PE exposure increased 

proliferation, migration, and spheroid formation in a dose-dependent manner [34]. Mice were orally administered 

PE, which led to alterations in their gut microbiota, creating conditions more favorable for tumor development. 

The immune response was weakened, promoting the growth of colorectal cancer in situ [35]. Chronic PS 

nanoplastic exposure sensitized cells to oxidative stress, inducing an oncogenic EMT phenotype. The Bhas 42 

assay revealed that PET nanoparticles promoted the early stages of tumor development, whereas the bioplastic 

PLA exhibited a lower carcinogenic potential [36, 37]. In an ovarian cancer model, PSNPLs reduced cell viability 

in vitro but enhanced tumor growth in vivo in mice. Gene expression related to immune respons and 

thrombomodulin was altered, leading to changes in the tumor microenvironment. The tumors were found to have 

doubled in both mass and volume compared to the control group [3]. 

Mice injected parenterally with MPs plus lipopolysaccharide (LPS) formed in liver tumor-like structures 

within two weeks, with overexpression of cancer markers and chemical carcinogenesis genes (SALL2) [38]. 

A microfluidic model integrating renal, endothelial and testicular cells to closely mimic physiological 

conditions. The system was exposed to PS nanoparticles for 24 hours. These particles were internalized by the 

cells, leading to structural alterations and disruption of glucose metabolism. Activation of oncogenic signaling 

pathways, including MAPK and PI3K/AKT, was also observed [39]. 

In both in vitro (esophageal cells) and in vivo (mice) models, the effects of PVC exposure were 

investigated. It was observed that PVC induced oxidative stress, leading to genetic material damage and 

impaired DNA repair. The expression of BRCA2 and GRB2 genes was downregulated. Inflammation was 

triggered by the presence of extracellular DNA. Findings from the in vivo models confirmed these results, 

showing that the effect persisted on a larger scale [40]. 

Human colorectal cells were subjected to both short- and long-term exposure to PS. It was observed that 

they internalized plastic particles, which induced oxidative stress and altered metabolic pathways. Glycolysis, 

the Krebs cycle, and the pentose phosphate pathway were notably upregulated. The metabolic profile 

resembled that seen after exposure to the carcinogen azoxymethane (AOM). Further analysis revealed 

epigenetic changes and increased expression of genes related to tumorigenesis and antioxidant defense [41]. 

In a murine model of colorectal cancer, the effects of prolonged PS exposure were examined. Mice 

exposed to MP experienced greater weight loss, more severe genetic damage and an increased number of tumor 

formations. Levels of ROS, as well as the expression of cancer and mitochondrial stress markers, were elevated. 

Additionally, the exposed mice exhibited an altered gut microbiome [42]. 

 

Microplastics as vectors for carcinogenic substances 

The ability of PP, PS and PE to absorb phenanthrene (PHE) and its derivatives was investigated. It was 

found that these combinations exhibited very high bioavailability in the gastrointestinal tract, ranging from 

53 % to 90%. Moreover, the calculated lifetime cancer risk exceeded the acceptable threshold set by the United 

States Environmental Protection Agency [22]. 

Over one thousand plastic-related chemical compounds were analyzed in silico to evaluate their impact 

on detoxification metabolism. The analysis showed that some of these compounds interfere with the cellular 

defense mechanisms by binding to transporters responsible for removing toxins [43]. 

Marine samples were analyzed for the presence of MPs. A correlation was found between their presence 

and polycyclic aromatic hydrocarbons (PAHs). The results suggest that plastics can act as carriers and 

accumulators of carcinogenic substances [44]. It has been shown that PAHs, which can be transported by MPs, 
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exhibit a strong affinity for the estrogen receptor alpha. This poses a potential risk of the development of breast 

cancer [45]. 

MPs derived from electronic waste were examined to assess their ability to bind PAHs in aquatic 

environments. Maximum saturation was reached in under one hour and PAH concentrations exceeded 

permissible limits by a factor one thousand. The calculated lifetime cancer risk surpassed the acceptable 

threshold established by the United States Environmental Protection Agency [46]. 

Plasticizers are compounds commonly added to plastics to impart desired properties. The effects of 

frequently used plasticizers, including bisphenols such as bisphenol A (BPA) and its analogues, were studied 

in breast cancer cell cultures. The results revealed altered gene expression, disrupted cell cycle regulation and 

enhanced tumor invasion, angiogenesis and metastasis [47, 48]. The role of MPs as vectors for carcinogenic 

substances has been presented in Figure 2. 

 

 
 

Fig. 2. The role of MPs as vectors for carcinogenic substances. 

a) Plastic particles for example: PP, PS or PE; b) Adhesion and accumulation of carcinogens (for example 

PAHs, bisphenols, plasticizers) on the surface of MPs; c) Facilitated absorption of carcinogens from the 

gastrointestinal tract into the bloodstream; d) Carcinogens stimulate tumorigenesis in the cells; e) Tumor 

development [22, 43-48] 

 

Discussion 

Scientific interest in MP as a threat to human health has emerged relatively. The vast majority of 

publications on this topic have been published within the last decade. This review compiles up-to-date data on 

the presence of MPs in tumor tissues and their impact on oncogenic processes. We have shown that MPs 

negatively influence tumor development. Moreover, MPs can also act as carriers of carcinogenic compounds. 

To date, the most well-documented harmful effects of MPs in humans involve the reproductive system, 

pregnancy outcome, the gastrointestinal tract and the respiratory system. In contrast, their potential role in 

oncology - a complex and broad field - remains poorly understood. Given that cancer is among the leading 

causes of death worldwide and that deepening our understanding of MPs’ impact could help reduce incidence 

and improve prognosis, the current state of knowledge on the MP-cancer relationship should be seen as merely 

the tip of the iceberg - one that requires further exploration. 

The good news is the advancement of technology, which is becoming increasingly precise and widely 

accessible. This enables improved detection of particles at the micro- and nanoscale, as well as the observation 

of subtle genetic and metabolic changes. 

Future research should aim to determine the quantities and types of MPs present in tumors and clarify 

their biochemical interactions with oncogenic processes at the cellular level. One particularly intriguing 

observation is that MP concentrations in tumors are often higher than in the surrounding tissues. A thorough 

analysis of the mechanisms underlying biological barrier penetration, transport and accumulation is urgently 

needed. Most studies focus on the individual effects of specific polymers, whereas in reality, humans are 

exposed to mixtures of various MPs and their associated contaminants. Therefore, research into the combined 

effects and interactions between these substances is essential. We believe that this review will help raise 

awareness of the hidden, long-term risks associated with widespread presence of plastics and support efforts 

aimed at reducing their environmental burden. 
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Conclusions 

The evidence presented above indicates that MPs pose a threat to human health. The most commonly 

produced polymers include PE, PP, PVC and PS. MPs are most frequently found in fibrous form, with sizes 

ranging from the micrometer to even the nanometer scale. 

Plastic particles can enter the human body through multiple routes, primarily via food, but also through 

inhaled air and skin contact. Once inside, they are distributed throughout nearly all tissues and compartments of 

the body. There appears to be no organ that is completely free from their presence. Its presence has been 

confirmed in various types of cancer, including breast, cervical, esophageal, gastric, colorectal, pancreatic, lung, 

prostate and skin cancers. What is both concerning and intriguing is that tumor tissues contained higher 

concentrations of plastic than the adjacent normal tissues. Both in vitro and in vivo studies have shown that MPs 

stimulate all stages of carcinogenesis. They disrupt the cell cycle, induce the formation of ROS, suppress defence 

mechanisms, promote cell proliferation, epithelial-mesenchymal transition, migration and metastasis. Mixtures 

of polymers may be even more harmful. Moreover, MPs can function as vectors for various substances absorbed 

on their surfaces. Some of these are proven carcinogens, such as PAHs. This combination results in high 

bioavailability and may lead to concentrations that significantly exceed acceptable safety thresholds. 

The current state of knowledge about MPs remains insufficient and further extensive in vitro and in vivo 

studies using advanced techniques are needed. Population-based studies are also necessary to assess the 

accumulation of MPs in the human body. Monitoring systems for environmental MP levels, along with actions 

focused on reducing their release into the environment, will help to minimize human exposure to carcinogenic 

substances. 
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