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Summary
Background While microplastics are widely found in various human organs and tissues, the relationship between
microplastics and human health, especially prostate health, remains unclear. This study aims to identify and quantify
the properties, types, and abundance of microplastics in paired para-tumor and tumor tissues of human prostate.
Additionally, the potential correlation between microplastics abundance and prostate cancer are investigated.

Methods Paired para-tumor and tumor samples of the prostate were collected from 22 patients who underwent robot-
assisted radical prostatectomy. A combination of laser direct infrared spectroscopy, scanning electron microscopy and
pyrolysis-gas chromatography-mass spectrometry was utilized to analyse the properties, type and abundance of
microplastics. Correlations between microplastics abundance, demographic characteristics and clinical features of
patients were also examined.

Findings Laser direct infrared analysis revealed the presence of microplastics, including polyamide, polyethylene tere-
phthalate, and polyvinyl chloride, in both para-tumor and tumor tissues of human prostate. However, polystyrene was
exclusively detected in tumor tissues. The particle size distribution in the prostate tissue mainly ranged from 20 to
100 μm. Approximately 31.58% of para-tumor samples exhibited sizes between 20 and 30 μm, while 35.21% of tumor
samples displayed sizes between 50 and 100 μm. The shapes of these microplastics varied considerably with irregular
forms being predominant. Additionally, microplastics were detected by pyrolysis–gas chromatography-mass
spectrometry in 20 paired prostate tissues. The mean abundance of microplastics was found to be 181.0 μg/g and
290.3 μg/g in para-tumor and tumor of human prostate samples, respectively. Among the 11 target types microplastics
polymers, only polystyrene, polypropylene, polyethylene, and polyvinyl chloride were detected. Notably, polystyrene,
polyethylene, and polyvinyl chloride, except for polypropylene, demonstrated significantly higher abundance in tumor
tissues compared to their respective paired para-tumor. Furthermore, a positive correlation was observed between
polystyrene abundance in the tumor samples of human prostate and frequency of take-out food consumption.

Interpretation This research provides both qualitative and quantitative evidence of the microplastics presence as well
as their properties, types, and abundance in paired para-tumor and tumor samples of human prostate. Correlations
between microplastics abundance, demographics, and clinical characteristics of patients need to be further validated
in future studies with a larger sample size.
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Research in context

Evidence before this study
Microplastics are ubiquitously distributed in virtually all
human organs. A recent study has indicated that exposure to
microplastics may time- and dose-dependently facilitate the
proliferation of cutaneous squamous cell carcinoma cell line.1

Our previous study also revealed the presence of microplastics
in human semen and testis, suggesting their potential ability
to traverse the blood-testis barrier. Numerous studies have
addressed the impacts of microplastics on the digestive,
respiratory, and endocrine systems of humans. While prostate
is a vital organ within the urogenital system, its relationship
with microplastics remains unclear.

Added value of this study
Here, we provided multiple lines of evidence demonstrating
the existence of microplastics in both para-tumor and tumor

tissues of human prostate. Through laser direct infrared
spectroscopy, scanning electron microscopy, and pyrolysis-gas
chromatography-mass spectrometry techniques, we have
confirmed varying particle counts, sizes, shapes, types as well
as concentrations of accumulated microplastics within these
tissues. Furthermore, we preliminarily assessed possible
correlations between microplastics abundance and
demographic as well as clinical characteristics among these
patients.

Implications of all the available evidence
According to our findings, microplastics can be found in both
human prostate tumor and para-tumor tissues, but with
differences in their abundance and type. The relationship
between microplastics and prostate cancer needs to be further
studied.
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Introduction
Microplastics (MPs) are extensively utilized in various
industries, including food, medicine, and agriculture.
The widespread presence of MPs globally can be
attributed to the population growth and industrial
development witnessed in the 21st century.2 Plastic
production has surged by a staggering 230 times from 2
to 460 metric tons annually between 1950 and 2019,
with a significant portion eventually transforming into
microplastics.3 Industrialized nations and regions such
as North America, Europe, and East Asia serve as pri-
mary sources for plastics manufacturing and con-
sumption due to substantial plastic waste generated by
the plastics sector and consumer behaviour.4,5 MPs
constitute a crucial component of environmental pollu-
tion since plastic particles smaller than 5 mm in diam-
eter are commonly found in soil, water, and air, thus
they can easily enter the human body through the food
chain.6

MPs have been detected within numerous human
organs including placenta,7 lungs,8 intestines,9 blood,10

and even testes.11 MPs also pose potential health risks
for human beings owing to their strong affinity for
hazardous compounds.12 They may carry toxic plasti-
cizers such as bisphenol A (BPA) and dibutyl phthalate
(DBP).13 Once absorbed into human bodies, MPs along
with these adsorptive substances accumulate, resulting
in detrimental effects on human health.14

Prostate cancer is one of the most common cancers
among men worldwide. Its incidence increases with age
and it encompasses several risk factors such as genetics,
hormones, lifestyle and environmental pollution.15,16

Change in level of androgen and increased inflamma-
tory response caused by MPs exposure are closely
associated with prostate cancer progression.17–19 Simi-
larly, BPA and Polycyclic Aromatic Hydrocarbons
(PAH) can suppress gene expression, disturb the activity
of androgen receptors and alter prostate cell
morphology, eventually leading to oncogene expres-
sion.20 However, it remains unclear whether there are
different types and an abundance of MPs in the para-
tumor and tumor tissues of human prostate. Addition-
ally, the correlation between MPs and prostate cancer is
still unknown.

In this study, we aimed to analyse and quantify the
properties, types, and abundance of MPs in the para-
tumor and tumor of prostate from 22 patients diag-
nosed with prostate cancer using laser direct infrared
(LDIR) spectroscopy, scanning electron microscopy
(SEM) and pyrolysis–gas chromatography-mass spec-
trometry (Py–GC/MS). Furthermore, we attempted to
investigate the potential associations between MPs
abundance, demographics, and clinical characteristics of
prostate cancer patients.
Methods
Ethics statement
The present study was approved by the Ethics Com-
mittee of Peking University First Hospital (approved
number: 2024–256) and was conducted according to the
Declaration of Helsinki. All the participants have signed
the informed consent form prior to robot-assisted
radical prostatectomy (RARP).

Participants
Participants were patients who underwent RARP from
January 2023 to July 2024 at Peking University First
Hospital, thus, the recruitment response rate was 100%.
Clinical data of 22 patients were collected. Inclusion
criteria of participants were as following: 1) none of the
patients had undergone neoadjuvant endocrine therapy
before RARP; 2) preoperative examinations such as
serum prostate specific antigen (PSA) value before
www.thelancet.com Vol 108 October, 2024
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puncture, ultrasonic puncture biopsy, magnetic reso-
nance scanning of the prostate and enhanced CT were
perfect, and no distant metastases of prostate cancer
were found; 3) RARP of all the patients were performed
by senior doctors, and postoperative specimens were
diagnosed as prostate cancer by at least 2 physicians in
the Department of Pathology.

Samples collection
Para-tumor and tumor of the prostate were collected.
Para-tumor tissues were identified as tissues which were
at least 2 cm beyond the tumor tissue boundary. 22
paired para-tumor and tumor of the prostate (44 samples)
were collected. Firstly, 2 paired tissues (4 samples) were
used for LDIR and scanning electron microscopy analysis
of MPs to initially verify the presence of MPs, then the
other 20 paired tissues (40 samples) were used in Py-GC/
MS to further quantify the MPs. To prevent the plastic
pollution, we adhered to a strict plastic-free protocol
throughout the sampling process. Cotton surgical gowns
and polymer-free nitrile gloves were worn. Once obtain-
ing the surgical specimens, they were cut off with a
scalpel to distinguish the para-tumor and tumor tissues,
then placed in separate glass vials. The collected samples
were immediately transferred with ice packs, stored
at −20 ◦C and subsequently shipped to Shanghai Weipu
Testing Technology Group Co., Ltd., China.

Sample treatment for MPs analysis by LDIR and
SEM
To analyse particle counts, size, and morphology of
MPs, laser direct infrared (LDIR) imaging spectrometer
and scanning electron microscopy (SEM) were per-
formed. As described before,21 the samples were placed
in a beaker, concentrated nitric acid (GR 68%, Shanghai
Hushi Laboratorial Equipment Co., Ltd., China, acid-to-
sample ratio was 3:1) was added and incubated for 16 h
at room temperature, then the beaker was placed in a
graphite heating plate for 3 h to eliminate the protein.
All the solvents were filtered through polytetrafluoro-
ethylene membranes (0.45 μm pore size). All the
glassware was rinsed with ethanol for 3 times and dried.
Samples were weighed and recorded, then were picked
up with metal tweezers, rinsed with 15 ml anhydrous
ethanol and 15 ml analytical grade Milli-Q® water,
vacuum filtered by using a steel membrane (13 μm pore
size). After rinsing with Milli-Q® water and ethanol for
3 times, the filter membrane was immersed in ethanol
solution for ultrasonication (40 kHz, 30 min), thus the
particles on the filter membrane were dispersed in the
ethanol solution. The membrane was removed and
washed with ethanol for 3 times, then 10 ml ethanol
solution was concentrated in an infrared rapid drying
oven (Model: WA70-1, Hangzhou Qiwei Instrument,
Co., Ltd., China) to a final volume of 150 μl and added to
a high reflective glass (Low-e Microscope Slides, Kevley
Technologies). LDIR test was carried out after the
www.thelancet.com Vol 108 October, 2024
ethanol was completely evaporated. The Agilent 8700
LDIR spectrometer (Agilent Technologies, China) with
particle analysis mode was used to obtain the counts and
size distribution of MPs.22,23 To identify the polymer
types, samples were subjected to automated detection
and compared with a microplastics spectra library sup-
plied by Agilent (Microplastic Starter 1.0_1_1_1_1_2,
Agilent Technologies, China).24 The scanning wave-
length ranges and spectral resolution were 1 cm−1 and
975–1800 cm−1, respectively. Particles with 20–500 μm
size and matching degree greater than 0.65 were
regarded as positive detected.25

We applied Low-e Microscope Slides to improve the
conductivity and reflectivity of LDIR. The slides were
placed into the Thermo Scientific Apreo 2C for particle
point localization and two-dimensional morphology
shooting. Then, under the SEM, the particle points on
the slides can be manually localized their position.

Sample processing procedures for MPs analysis by
using Py–GC/MS
The procedure for analysing MPs by using Py–GC/MS is
referred to a previous study.7 The prostate samples were
put into a beaker (100 ml) to measure the wet weight
(WW), baked in an oven (60 ◦C) until they reached a
consistent weight, then ethanol was added. The beaker
was heated (60 ◦C, 30 min) and the ethanol was dis-
carded. Then, trichloromethane solvent (10 g) was added,
sonicated (40 kHz, 10 min for 3 times), and transferred
into a new beaker, 10 g hexafluoroisopropanol solvent
was added and sonicated (40 kHz, 10 min). Finally, the
samples were mixed with 10 g xylene solvent, and heated
at 150 ◦C for 10 min. The extracted liquid was condensed
at 80 ◦C. To generate the quantitative curve, standard
polymers with 0.01 g/ml concentration were prepared
and tested using Py–GC/MS.

Analysis of MPs by Py–GC/MS
The sample mentioned above was subjected to pyrol-
ysis at 550 ◦C by using a Frontier Lab EGA/PY-3030D
instrument (Fukushima, Japan) equipped with an
AS-1020E autosampler. To find any potential MPs, the
resulting pyrolysis products were directly injected into
a Shimadzu GC-2030 device (Shimadzu, Japan) and
separated on a TG-5SILMS column (Thermo Fisher,
USA).26 The sample was first maintained at 40 ◦C for
2 min, raised to 320 ◦C at 20 ◦C/min, and maintained
for 14 min. Mass spectra were obtained using a Shi-
madzu QP2020-Plus mass spectrometer coupled to
the gas chromatography. To avoid re-condensation,
the interface temperature was set at 320 ◦C. The
ionization voltage was set at 70 eV, and a mass range
of 29–600 m/z was analysed at a scan speed of
3333 Hz. The Lab Solutions software 4.45 was utilized
for sample identification.27

The 11 target polymers were polystyrene (PS), poly-
ethylene (PE), polypropylene (PP), polyvinyl chloride
3
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Characteristics Categories Values

Age (years), Mean ± SD. NA 66.8 ± 7.2

BMI (kg/cm2), Mean ± SD. NA 25.4 ± 2.6

PV (ml) NA 45.9 ± 23.6

PSA (ng/ml) NA 18.8 ± 13.7

Gleason score, n (%) 3 + 3 1 (4.6)

3 + 4 7 (31.8)

4 + 3 9 (40.9)

4 + 4 3 (13.6)

5 + 4 2 (9.1)

PDS, n (%) PT2b 2 (9.1)

PT2c 12 (54.6)

PT3a 2 (9.1)

PT3b 6 (27.3)

Smoking status, n (%) Yes 11 (50.0)

No 11 (50.0)

Drinking status, n (%) Yes 8 (36.4)

No 14 (63.6)

FDBW, n (%) Never 3 (13.6)

1–3 days/week 10 (45.5)

≥4 days/week 9 (40.9)

FTOC, n (%) Never 5 (22.7)

1–3 days/week 8 (36.4)

≥4 days/week 9 (40.9)

BMI: body mass index; PV: prostatic volume; PSA: prostate specific antigen;
PDS: pathological diagnosis stage; FDBW: frequency of drinking bottled water;
FTOC: frequency of take-out food consumption.

Table 1: The demographic characteristics and clinical features of 22
patients.
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(PVC), polymethyl methacrylate (PMMA), polycarbonate
(PC), polyethylene terephthalate (PET), polyamide 6
(PA6), polyamide 66 (PA66), polylactic acid (PLA), and
polybutylene terephthalate (PBAT). Each polymer was
identified based on its specific characteristic compo-
nents and ions as listed in Fig. S1. The mass spec-
trometry database was maintained by the National
Institute of Standards and Technology (NIST).

Quality insurance and quality control (QA/QC)
During the sampling and testing process, all researchers
were equipped with nitrile gloves, cotton lab coats, and
hoods. Quality control was done according to a previous
study.28 Briefly, the instrument was tested once blankly
under the predetermined conditions to ensure that the
peaked spectrum of the instrument was without interfer-
ence from the plastic fragment ions. In order to avoid the
interference of plastic signals during the pre-treatment
process, all reagents and solutions were undergoing vac-
uum filtration three times through a polytetrafluoro-
ethylene membrane (0.45 μm pore size). The filtered
reagents and solutions were used in subsequent processes
only if the background detection of MPs using Py–GC/MS
was blank (Fig. S1). All glassware used in the procedure
was rinsed three times with filtered anhydrous ethanol
before use. Furthermore, for Py–GC/MS, comprehensive
quality control was performed by managing background
contamination, conducting a spiking recovery experiment,
and establishing limits of detection and quantification.

Statistical analysis
We used descriptive statistics to analyse the de-
mographic characteristics of participants. Continuous
and categorical variables were expressed as means ± SD,
numbers and frequencies (%), respectively. The other
data were expressed as means ± standard error of the
mean. All statistical analyses were performed with SPSS
25.0 (IBM, Armonk, NY, USA) or GraphPad Prism 9.0
(GraphPad Software Inc., San Diego, CA, USA). Paired
t-tests were used to compare the difference between two
groups. Pearson correlation analysis was utilized to
evaluate the correlation of MPs abundance and clinical
characteristics. The definition of correlated degree was
as follows: basically irrelevant: less than 0.3, weakly
correlated: 0.3 to 0.5, strongly correlated: 0.5 to 0.7. The
significant differences between groups were repre-
sented as *p < 0.05, **p < 0.01, and ***p < 0.001.

Role of funders
Funding sources have no role in research design, data
collection, data analysis, interpretation, or report writing.
Results
Demographic and clinical characteristics of patients
The demographic characteristics of the patients were as
follows (Table 1 and Table S1): The median age, BMI,
prostate volume, and PSA for the 22 patients were 66.8
years, 25.4 kg/cm2, 45.9 ml, and 18.8 ng/ml, respec-
tively. 14 (63.6%) patients have a Gleason score >3 + 4.
The postoperative diagnosis stage of all patients was
above PT2b. Of note, 11 (50%) patients had a history of
smoking, while 8 (36.4%) had a history of drinking,
almost all patients consumed bottled water (86.4%, 19 of
22) or take-out food (77.3%, 17 of 22).

Detection and characterization of MPs in para-
tumor and tumor tissues of human prostate by
LDIR and SEM
We utilized LDIR to identify MPs in both para-tumor
and tumor tissues of prostate. MPs such as PA, PET,
PVC, and PP, along with non-MPs particles including
chitin, calcium stearate, and silica were detected in para-
tumor tissues (Fig. 1a and b, Fig. S2a). Similarly, MPs
such as PA, PVC, PE, PET, and PS, as well as non-MPs
particles including chitin, silica, and calcium stearate
were detected in tumor tissues (Fig. 1c–d, Fig. S2b).
Although various particles were detected, the majority of
particles in the para-tumor and tumor tissues of prostate
were less than 200 μm diameters (Fig. 1a–d, Fig. S3),
whereas, the diameters of microplastics particles mainly
ranged between 20 and 100 μm (Fig. 1e). Specifically,
the distribution of microplastics particles was similar
www.thelancet.com Vol 108 October, 2024

http://www.thelancet.com


w
e
b
4
C
/F

P
O

Fig. 1: Particle size and polymer types of microplastics detected in 2 paired human prostate samples using LDIR. (a–d) Qualitative
statistical findings for MPs and non- MPs of para-tumor (a, b) and tumor tissues (c, d) using LDIR scanning with a quality match above 0.65.
(e–f) Distribution of MPs in para-tumor and tumor using LDIR scanning with a quality match above 0.65. (g–i) Assessment of differences in
the abundance (g) and types of MPs (h, i) in para-tumor and tumor of patient 1 and 2. PT: para-tumor, T: tumor. Abbreviations: nPA:
Natural Polyamide; HPS: Hydroxypropyl starch; PA: Polyamide; WP-FR: WP-Fluororubber; WP-FMQ: WP-Fluorosilicone rubber; PI: Poly-
isoprene Chlorinated; PET: Polyethylene Terephthalate; PU: Polyurethane; WP-CPE: WP-Chlorinated polyethylene; MCA: Melaminecyanurate;
PVC: Polyvinylchloride; CCM: Cellulose chemically modified; WP-EV: WP-Ethylene vinyl acetate copolymer; MC: Methyl cellulose; WP-ACR:
WP-Acrylate copolymer; CA: Cellulose Acetate; WP-PVC: WP-Polyvinyl chloride resin; WP-PP: WP-Polypropylene; WP-PA: WP-Polyamide;
WP-PET: WP-Polyethylene terephthalate; APP: Ammonium polyphosphate; WP-EP: WP-Phenolic epoxy resin; WP-SBS: WP-Styrene-buta-
diene-styrene; EVA: Ethylene vinyl acetate; EBO: ethylene bis oleamide; WP-FKM: WP-Fluororubber; PBAT: Poly (butyleneadipate-co-tere-
phthalate); CP: Polyisoprene Chlorinated; PE: Polyethylene; PS: Polystyrene; WP-POM: WP-Polyoxymethylene; WP-BR: WP-Butadiene rubber;
EBS: N,N′-Ethylenebis; EPN: Ethylene Propylene Norbornene; PMMA: Polymethylmethacrylate.
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among 20–30 μm, 30–50 μm and 50–100 μm in para-
tumor and tumor tissues of patient 1 and 2 (Fig. 1e).
Additionally, MPs particle size diameter also showed no
difference in these tissues (patient 1: para-tumor
64.69 ± 76.21 μm, tumor 64.78 ± 45.21 μm, patient 2:
para-tumor 71.63 ± 56.12 μm, tumor 56.19 ± 37.64 μm,
Fig. 1f). We then evaluated the abundance and types of
MPs in these paired para-tumor and tumor tissues
(Tables S2–S5, Fig. 1g–i). The abundance of MPs was
76.4, 100, 179.5 and 39.0 particles/g for para-tumor and
tumor tissues of patient 1 or patient 2, respectively
(Fig. 1g). Intriguingly, the types and percentage contri-
bution of MPs particles in para-tumor and tumor tissues
were different. PS was only detected in tumor tissues
and the percentage of FR particles was lower in tumor
tissues (Fig. 1h and i). Overall, these data demonstrate
that MPs are present in both para-tumor and tumor
samples from human prostate.

Subsequently, we integrated SEM with LDIR to
characterize the morphological features of MPs in these
tissues. Our results showed that PS was exclusively
present in tumor tissues (Fig. 2a), while PP, PE, PVC
and fluororubber were detected in both para-tumor and
tumor tissues (Fig. 2b–e), exhibiting diverse morphol-
ogies such as particles, fibres, irregular shapes, as well
as varying degrees of folding and fracturing (Fig. 2b–e).

Quantification of MPs in human prostate para-
tumor and tumor tissues by Py–GC/MS
To further quantify the concentration of MPs in human
prostate para-tumor and tumor tissues, we utilized Py–
GC/MS to detect 11 target MPs. The spectrograms
depicting characteristic components and ions for some
typical MPs including PS, PE, PP, polymethyl methac-
rylate (PMMA), PVC, and polyethylene terephthalate
(PET) from a paired set of para-tumor and tumor tissues
were presented in Fig. 3 (based on specific characteristic
components and ions shown in Fig. S1). We success-
fully identified the presence of PS, PP, PE, and PVC
across all 20 paired tissue samples; their abundance is
illustrated in Fig. 4a and Table S6. Interestingly, our
analysis revealed significantly higher levels of PS, PE,
and PVC (p = 0.0007, 0.0009 and 0.0004, paired t-tests)
but not PP in tumor compared to para-tumor tissues
(Fig. 4b). Given that PS, PE, and PVC was detected in
nearly all samples, while PP was only found in approx-
imately half of these samples, the comparison of PP
abundance between paired tissues did not show a sig-
nificant difference (Fig. 4c–f). Consistent with these
observations, the abundances of PS, PP, PE and PVC
were significantly elevated in tumor tissues compared to
their respective para-tumor tissues in 17, 9, 17 and 17
samples, respectively (Fig. 4g–j). Together, these data
indicate that PS, PP, PVC, and PE are present in para-
tumor and tumor samples from human prostate.
Moreover, the abundance of PS, PE, and PVC is
increased in tumor tissues of human prostate.
The correlations between MPs, demographic and
clinical characteristics of patients
To gain a deeper understanding of the associations be-
tween MPs and patient characteristics, we categorized
the patients into different subgroups based on their
lifestyle and clinical features. We examined whether
there were variations in MPs abundance in para-tumor
and tumor tissues among these subgroup patients.
Intriguingly, we observed that an increased abundance
of PP in both para-tumor and tumor tissues of patients
with PSA≥10 ng/ml (p = 0.044 and 0.027, paired t-tests,
Table S7). Additionally, PE abundance was elevated in
tumor tissues of patients with Gleason score≤3 + 4
(p = 0.041, paired t-tests, Table S7). Moreover, PS
abundance was higher in para-tumor tissues of patients
who reported consuming take-out food more than
3 days per week (p = 0.003, paired t-tests, Table S8).
Otherwise, no significant difference was found in MPs
abundance between para-tumor and tumor tissues,
among other subgroup (Tables S7 and S8).

To strengthen the clinical relevance of our findings,
we further investigated the correlations between
different MPs and demographic/clinical characteristics
of the patients. As anticipated, a positive correlation was
observed between PS abundance and frequency of take-
out food consumption, furthermore, a negative correla-
tion was found between PE abundance and Gleason
score in prostate tumor tissues (r = 0.684, p < 0.001;
r = −0.460, p < 0.05, pearson's correlation analysis,
Fig. 5). Taken together, these data show distinct pres-
ence patterns of MPs within human prostate’s para-
tumor and tumor tissues.
Discussion
To the best of our knowledge, this study provides
compelling evidence regarding the different abundance
of MPs in para-tumor and tumor tissues of human
prostate. These MPs, primarily consist of PS, PP, PE,
and PVC, with diameters ranging from 20 to 50 μm. Of
note, the abundance of PS, PE, and PVC except for PP
was higher in tumor tissues of human prostate. Addi-
tionally, we unveiled potential correlations between MPs
abundance, and demographic/clinical characteristics of
20 patients including a significant association with fre-
quency of take-out food consumption.

Numerous studies have demonstrated the presence
of MPs in human bodies using techniques such as
Raman and Fourier Transform Infrared (FTIR) spec-
troscopy. However, these methods have limitations
including weak signals, fluorescence interferences,
dependence on material properties (colour, biofouling,
and degradation), as well as low efficiency.29,30 To over-
come these limitations, we employed a fully automated
infrared chemical imaging method called LDIR that
utilized quantum cascade laser technology to identify
MPs with a size range of 20–500 μm, this approach
www.thelancet.com Vol 108 October, 2024
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Fig. 2: Representative LDIR and SEM images of MPs in para-tumor and tumor tissues of human prostate. PS was only detected in tumor
tissues (a), but PP (b), PE (c), PVC (d) and fluororubber (e) was occurred in both para-tumor and tumor tissues. The representative LDIR images
were the particles with highest quality. PS: Polystyrene; PE: Polyethylene; PP: Polypropylene; PVC: Polyvinylchloride.
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Fig. 3: Py-GC/MS spectra of para-tumor and tumor tissues of human prostate. Para-tumor (a) and tumor (b). PS: polystyrene; PE: poly-
ethylene; PP: polypropylene; PMMA: polymethyl methacrylate; PVC: polyvinyl chloride; PET: polyethylene terephthalate.
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improves the analytical efficiency and detection accuracy
of MPs.31 Using LDIR analysis, we discovered the
presence of various types of MPs including PA, PET,
PVC, and PP in both para-tumor and tumor tissues of
human prostate. Interestingly, PS was only detected in
the tumor tissues specifically. Furthermore, to thor-
oughly quantify the distribution and concentration of 11
target MPs across our sample set consisting of 20 paired
human prostate samples with varying sizes ranging
from 20 to 50 μm predominantly, we utilized Py–GC/
MS technique which involves rapid heating to generate
volatile small molecule cleavage products followed by
GC and MS separation for accurate quantification.32

MPs with a smaller diameter possess the potential to
enter into the circulation and diffuse throughout the
body, as evidenced by the permeation of polystyrene
particles with diameters of 50 nm, 80 nm, and 240 nm
into human placenta.33 However, it remains unclear
which types MPs can enter the human body through
what route.

The presence of microplastics is pervasive in drinking
water, food packaging materials, air, and various house-
hold products, thus our exposure to them is abundant.34

In MPs, PS, PE, PP, and PVC are commonly used to
make foam boxes and plastic cutlery, thus, they are the
primary source of microplastics for people who have a
history of takeout food consumption and bottled water
drinking.35–37 Usually, heat, chemical reactions as well as
wear and tear on packaging all could result in the release
of these microplastics.38 MPs was widely distributed in
the genitourinary system. Firstly, the distribution of MPs
in urine was PET (50%), PS (36%), PE (23%) and PMMA
(5%).39 Then, the primary MPs found in testicular tissue
and normal human semen are PS, PP, PE, PET, PVC,
PC, and polyoxymethylene (POM).11,40 These results sug-
gest that MPs may also present in the prostate gland. We
found that the mean abundance of total MPs in tumor
tissues (290.3 μg/g) was much higher than para-tumor
(181.0 μg/g) of human prostate samples. Intriguingly,
the abundance of PS, PE, and PVC, but not PP, was
increased in tumor tissues, and PP was only detected in
about 50% para-tumor and tumor tissues of human
prostate samples. A recent study also found the aggre-
gation of MPs in human prostate, they identified
4 different types of plastic, and the most common MPs
were polyamide.41 Together, these findings suggest that
MPs may accumulate in the prostate and that these MPs
might correlate with prostate cancer.
www.thelancet.com Vol 108 October, 2024
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Fig. 4: Abundance of MPs in para-tumor and tumor tissues of human prostate using Py-GC/MS. (a) Concentrations of MPs in individual
paired para-tumor and tumor tissues. (b) The abundance of PS, PP, PE and PVC in these 20 paired tissues. (c–f) Detection of PS (c), PP (d), PE (e),
and PVC (f) in the tissues. (g–j) Detailed abundance of PS (g), PP (h), PE (i), and PVC (j) in each paired para-tumor and tumor tissue. PT: para-
tumor and T: tumor. ***p < 0.001 and data are analysed by paired t test. PS: polystyrene; PP: polypropylene; PE: polyethylene; PVC: polyvinyl
chloride.
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The underlying mechanisms and processes respon-
sible for the presence of MPs in human tumor systems
is still unknown. MPs were intake into human body
accompany with plastic product. Majority of MPs exhibit
strong resistance to acidic environments; thus, the sur-
face and morphology of MPs were not altered after they
passed through the colon.42 Intestinal epithelial cells are
more likely to endocytose tiny particles (<150 μm) and
release them into the circulation system.43 Furthermore,
MPs have the ability to translocate into lymphoid tissues
www.thelancet.com Vol 108 October, 2024
after being phagocytosis by macrophages, bypassing the
main intestinal clearance pathway and reaching the
bloodstream,44 then accumulate in human bodies. MPs
may also enter the genitourinary system since they have
been detected in human semen, testicular and prostate
samples.11,40,41 MPs exposure results in an increase in
ROS levels, activation of the p38 and MAPK signalling
pathways,45 thus may result in male urinary tumor sys-
tem damage. Besides, toxic organic compounds, such as
phthalates, BPA, and Polychlorinated biphenyls (PCBs),
9
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Fig. 5: Relationships between MPs concentrations and clinical characteristics of patients. Diagonal plots illustrate the distribution of data in
logarithmic ratios. Lower plots display the scatter plots of data, while the upper plots indicate the correlation coefficients (r). Significant
correlations are highlighted in red or blue. *p < 0.05; **p < 0.01; ***p < 0.001 and data are analysed by Pearson’s correlation analysis. PS:
polystyrene; PP: polypropylene; PE: polyethylene; PVC: polyvinyl chloride. PSA: prostate specific antigen; GS: Gleason score; PDS: pathological
diagnosis stage; FDBW: frequency of drinking bottled water; FTOC: frequency of take-out food consumption.
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also could adsorb onto MPs and enter the organism,
thus exerting toxic effects on the male reproductive
system.46–48 Considering the different pattern of MPs in
tumor and para-tumor tissues of human prostate, the
cell proliferation, migration, and inflammatory re-
sponses of tumor tissues may affect the accumulation of
MPs.49

Further, relationship between MPs and human
health is still unclear. The higher detective ratio and
concentration of MPs in cirrhotic liver tissue,50

increased MPs concentration of faecal in patients with
inflammatory bowel disease, as well as detection of
acrylic, PET, and phenoxy resins in tumor tissue of
human lung,51,52 suggest the potential relationship of
MPs and human disease. As for the animal model, there
were increased levels of inflammation and apoptotic
prostate epithelial cells in the prostates of mice treated
with high-fat diet and low doses of MPs.53 Polystyrene
microplastics exposure also results in augmented
oxidative stress, imbalance of blood hormone levels, and
declined fertility of male mice.54 Together with our data,
the accumulation of MPs may have some relationship
with prostate cancer, but there is a need to enhance the
representativeness of the study and the reliability of the
www.thelancet.com Vol 108 October, 2024

http://www.thelancet.com


Articles
conclusions by expanding the sample size and usage of
more diverse sample sources in the future studies.

Our study also has some limitations. Firstly, we did
not detect the presence of MPs in the healthy prostate.
Due to the exploratory nature of the study, we were
unable to perform formal sample size calculations. The
sample size of our study is not so big to represent the
entire prostate cancer population. Further study of large
sample size and complex designs is needed to explore
the relationship between microplastics exposure and
risk of prostate cancer. Multiple testing is also not
applicable due to data limitations. Lastly, we only
detected the MPs and 11 target MPs by using LDIR,
SEM and Py–GC/MS, improved microplastics detection
techniques should be used in the future research to
give an accurate overview of MPs in human prostate
samples. In this paper, only correlations between MPs
and clinical features in human prostate tissue were
calculated, and these results are insufficient to draw a
robust relationship between MPs exposure and pros-
tate cancer development. Despite these limitations, our
study provides valuable insights into the presence of
MPs in the human prostate, sheds light on the poten-
tial implications of MPs on prostate health. Future
longitudinal studies should be conducted to enhance
the understanding of the dynamic interplay and po-
tential causal connections between MPs and prostate
health over time.
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