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Introduction

Uremic retention solutes that accumulate in the body of a 
uremic patient are regarded as toxins when they exert toxic 
effects on various systems. Many uremic toxins have been 
linked to complications such as cardiovascular disease (1),  
immune dysfunction (2), anemia (3), malnutrition (4), 
bone disorder (5), and neurological disorders (6). Also, the 
relationship between uremia and cancer has been studied 
over the last 50 years. Penn et al. proposed that uremia 
is carcinogenic as early as the 1970s (7). Patients with 

impaired renal function, particularly those with uremia, 
appear to be at a higher risk of cancer (8-11). However, the 
precise mechanisms have not been thoroughly clarified.

Endogenous p-cresol, a major byproduct of tyrosine 
fermentation, belongs to the group of protein-bound uremic 
toxins that are insufficiently eliminated by dialysis therapy. 
It is primarily produced in the colon and metabolized 
in the liver. The urine is the primary route of excretion. 
Because of the progressive decline in renal function, 
p-cresol may accumulate in the circulation and organs. 
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P-cresol concentrations in the blood, urine, liver, and 
kidney of uremic patients underwent hemodialysis (HD) are 
approximately 5- to 25-fold higher than those of the control 
group (12). Previous research has demonstrated that p-cresol 
causes apoptosis (13), necrosis (14), and senescence (15)  
in a variety of cells. However, few studies have been 
conducted to investigate the effects of p-cresol on cancer 
cells. A recent study found that p-cresol exhibited dose- 
and time-dependent toxicity to bladder cancer cells. It also 
promoted the invasion and migration of living cells (16). 
This raises the question of whether p-cresol acts similarly 
on other cancer cells.

Cancer is currently regarded as one of the leading causes 
of death in HD patients (17). Several studies have been 
conducted to investigate the relationship between uremia 
and cancer. Despite different opinions, most studies found 
an increased cancer risk in uremic patients (18-22). Kidney 
cancer (19,20) and liver cancer (21,22) are the most common 
cancers found in patients receiving dialysis. P-cresol can 
accumulate in HD patients’ organs, with 9% and 54% of 
free p-cresol in the kidney and liver, respectively (12). In 
this study, we investigated the effects of p-cresol on kidney 
and liver cancer cells. We present the following article in 
accordance with the MDAR reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-22-
2042/rc).

Methods

Cell line and cell culture

This in vitro study used 786-O human renal cancer cells 
and HepG2 human liver cancer cells obtained from the 
Chinese Academy of Sciences. 786-O cells were grown in 
RPMI 1640 medium (Gibco, Grand Island, NY) containing 
10% fetal bovine serum (FBS), 50 U/mL penicillin, and  
100 μg/mL streptomycin. HepG2 cells were grown in 
DMEM/F12 complete medium (Gibco, Grand Island, New 
York), which was a 1:1 mixture of Dulbecco’s modified Eagle’s 
medium (DMEM) and Ham’s F12 medium with a 10% FBS 
supplement. Every 2 to 3 days, we changed the medium. 
We cultured the cells in a 37 ℃ incubator with 5% CO2 
humidified air until they reached the log phase. According to 
the previous references (16,23), different concentrations (0, 
10, 20, 40, 70 μM) of p-cresol (C85751. Sigma-Aldrich) for 
48 hours were chosen to treat these cells.

Cell Counting Kit-8 (CCK-8) assay for cell viability 

Cell viability was quantified using the CCK-8. Cells were 
seeded at a density of 1×104 cells/mL in a 96-well plate. 
Each well received 100 μL of medium containing 10% FBS. 
For 48 hours, cells were treated with p-cresol at different 
concentrations (0, 10, 20, 40, 70 μM). Then, 10 μL of 
CCK-8 solution (Beyotime, Shanghai, China) was added to 
each well of the plate and incubated for 0.5 to 2 hours in a 
humidified incubator (37 ℃, 5% CO2). The absorbance was 
measured at 450 nm and was repeated 3 times for each well.

TUNEL assay for cell apoptosis

The apoptotic cells were identified using the terminal 
deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) assay. Cells were dewaxed, rehydrated, and 
incubated for 15 to 30 minutes at 20 to 37 ℃ with a  
20 μg/mL proteinase K working solution. The slides 
were washed with phosphate buffer saline (PBS), dried, 
and then incubated for one hour in the dark at 37 ℃ in a  
50 μL TUNEL reaction mixture (Roche Biosciences). After 
washing with PBS, cells in the samples were stained with 
DAPI (4'6-diamidino-2-phenylindol) for DNA staining, 
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and fluorescence microscopy (Olympus, Tokyo, Japan) was 
used to examine them.

Transwell assay for cell migration and invasion

To assess the migratory and invasive responses of 786-O cells 
and HepG2 cells to p-cresol, the two-chamber Transwell 
(Corning Co., Corning, NY, USA) was used. In the invasion 
assay, Matrigel (BD Biosciences) was inoculated evenly 
into the upper chamber to form a gel at 37 ℃ after being 
diluted in a serum-free medium. After 48 hours of p-cresol 
treatment, 200 μL of cell suspension (1×106 cells/mL)  
without serum was added to the upper compartment, followed 
by 600 μL of culture medium containing 10% FBS in the 
lower compartment. After 24 hours of incubation at 37 ℃ in 
humidified air containing 5% CO2, the migrated or invaded 
cells into the lower surface of the membrane were fixed, stained, 
and counted under the microscope (Olympus, Tokyo, Japan).

Statistical analysis

For data analysis, SPSS 17.0 statistical software was used. 
The Student’s t-test was used to compare the means 
between two groups. A P value <0.05 was considered 
statistically significant.

Results

Effects of p-cresol on the viability of HepG2 cells and  
786-O cells 

The cytotoxic  effects  of  p-cresol  on HepG2 and  

786-O cells were investigated using the CCK-8 assay. For 
48 hours, HepG2 and 786-O cells were treated with p-cresol 
at different concentrations of 0, 10, 20, 40, and 70 μM. The 
results showed that p-cresol at 0 to 70 μM for 48 hours 
had no toxic effects on HepG2 or 786-O cells (Figure 1). 
For the following experiment, we chose 40 μM p-cresol for  
48 hours (16).

Effects of p-cresol on the apoptosis of HepG2 cells and 786-
O cells

TUNEL assay and DAPI staining were used to determine 
apoptotic cells in HepG2 and 786-O cells after 48 hours 
of treatment with 40 μM p-cresol. The results showed that 
40 μM p-cresol for 48 hours did not affect the apoptosis of 
HepG2 (P=0.5185) or 786-O cells (P=0.1012) (Figure 2).

Effects of p-cresol on the migration and invasion of HepG2 
cells and 786-O cells

The transwell migration/invasion assay was then used to 
determine whether p-cresol influenced the motility of 
HepG2 and 786-O cells. The results showed that after 
48 hours of treatment with p-cresol at a concentration of 
40 μM, HepG2 cells demonstrated increased migration 
(P=0.0019) and invasion (P=0.0025) (Figure 3). However, 
p-cresol treatment did not affect 786-O cell migration 
(P=0.2720) (Figure 4).

Discussion

In the past 40 years, cancer has been proposed as a 

Effects of p-cresol (0 to 70 μM for 48 h) on the viability of HepG2 cells and 786-O cells
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Figure 1 Using the CCK-8 assay, p-cresol at different concentrations (0, 10, 20, 40, and 70 μM) for 48 hours had no significant effects on 
the viability of HepG2 cells or 786-O cells. CCK-8, Cell Counting Kit-8.
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Effects of p-cresol (40 μM for 48 h) on the apoptosis of HepG2 cells and 786-O cells
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Figure 2 A 48-hour treatment with 40 μM p-cresol did not affect the apoptosis of HepG2 cells or 786-O cells as determined by the TUNEL 
assay and DAPI staining. TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling; DAPI, 4', 6-diamidino-2- phenylindole.

challenge for uremic patients (24). Cancer is currently one 
of the top three causes of death among uremic patients who 
have received HD therapy (17). Moreover, cancer is the 
leading cause of death in uremic patients who have cancer 
(9,17,18). Uremic patients have unique cancer risk factors, 
such as impaired immune function, chronic inflammation-
malnutrition status, and persistent metabolic disorders  
(24-26). Also, uremia has been identified as a potent 
carcinogen, and its accumulation may predispose patients 
to cancer (7). Uremia, or ‘‘urine in the blood’’, is a medical 
condition that causes toxic substances to accumulate in body 
fluid compartments due to a progressive decrease in renal 
function (27). Uremic toxins are traditionally classified as 
small water-soluble compounds, middle molecular weight 
molecules, and protein-bound solutes (28,29). Cresols have 
received a lot of attention among the protein-bound uremic 
toxins (30).

P-cresol is an organic aromatic compound that belongs 
to the cresol class. Endogenous p-cresol is produced in the 

colon by bacterial fermentation of dietary tyrosine (31). 
Following absorption, it is metabolized and conjugated in 
the liver before being excreted by the kidney (32). Most 
of the p-cresol in the human body is sulfated into p-cresyl 
sulfate, and the remained is metabolized to p-cresyl 
glucuronide (30). Nonetheless, the concentrations of the 
mother compound p-cresol in HD patients’ blood, urine, 
and organs are several times higher than in non-HD 
patients (12). So, the response of cells in direct contact 
with p-cresol is still worth investigating, particularly in HD 
patients (30).

Previous research has found that high doses of p-cresol 
have toxic effects on various cell types in the kidney (14), 
heart (33), gut (31), bone (34), and immune (35), suggesting 
that its accumulation in uremic patients may play a role 
in the development of several complications. However, 
its effects on cancer cells are rarely investigated. Hsu  
et al. recently clarified the effects of p-cresol on cancer cells. 
They found that p-cresol had a dose- and time-dependent 
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Effects of p-cresol (40 μM for 48 h) on the migration of 786-O cells
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Figure 3 Using the Transwell migration/invasion assay, 40 μM p-cresol for 48 hours promoted the migration and invasion of HepG2 cells 
(**P<0.01). Crystal violet staining.

Figure 4 Using the Transwell migration assay, 40 μm p-cresol for 48 hours did not affect the migration of 786-O cells. Crystal violet staining.

toxic effect on human bladder cancer TSGH8301 cells. 
According to their findings, p-cresol inhibited the viability 
of these bladder cancer cells but promoted the migration 
and invasion of the living ones (16).

This study aims to see if p-cresol had similar effects on 
other cancer cells. For this study, we used 786-O human 
renal cancer cells and HepG2 human liver cancer cells 
because kidney cancer (19,20) and liver cancer (21,22) were 
the most commonly reported cancers in uremic patients. 

Our findings showed that exposing 786-O cells and HepG2 
cells to 0 to 70 μM p-cresol for 48 hours did not affect their 
viability or proliferation. Then, for 48 hours, we used 40 μM 
p-cresol to see how it affected the migration and invasion of 
these cancer cells. We found only the malignant biological 
behavior of HepG2 cells to be significantly promoted by 
p-cresol. Although p-cresol did not affect 786-O cells in 
our study, its main metabolite, p-cresyl sulphate, in other 
research was found to induce 786-O cell proliferation and 
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migration in a dose (20–500 μM) and time (6–48 hours) 
dependent manner (23). The structural changes caused 
by the replacement of hydroxyl with sulphate reduce the 
lipophilicity of p-cresol and turn its sulphate conjugate into 
a hydrophilic compound, which may be the main cause of 
the differences in biological effects between p-cresol and 
p-cresyl sulphate (36). P-cresyl sulphate, for example, had a 
pro-inflammatory effect on unstimulated leucocytes, while 
p-cresol inhibited the activity of stimulated leucocytes (37). 
Also, while both p-cresol and p-cresyl sulphate increased 
the migration of bladder cancer cells, they did so via distinct 
signaling pathways (16,38).

Despite accounting for only 2% of total p-cresol in the 
blood, p-cresol accumulates in various organs of HD patients 
(12). So, the effects of p-cresol are attributed not only to 
the products of its metabolism but also to p-cresol itself 
(39). Because the liver is the primary site for its metabolism 
(40), free p-cresol is the major component of total p-cresol, 
followed by its conjugates (12). So, the tumor-promoting 
effect of p-cresol on HepG2 cells discovered in this study 
merits further investigation. Previous studies have shown that 
the risk of liver cancer in uremic patients is almost 1.5 times 
higher than in the general population, owing to a higher 
incidence of hepatitis virus infection and comorbid metabolic 
diseases such as diabetes mellitus (21,22,41). However, 
besides these risk factors shared by the general population, 
it is unknown whether uremia plays a role in the formation 
and progression of liver cancer. Our findings showed 
that the uremic toxin p-cresol appeared to enhance the 
malignant biological behavior of HepG2 human liver cancer 
cells. Unfortunately, we did not investigate the molecular 
mechanisms by which p-cresol induced HepG2 cell invasion 
and migration. Also, the biological function of p-cresol in 
animals requires further investigation.

Conclusions

Summarily, this study demonstrated that p-cresol at 
concentrations ranging from 0 to 70 μM for 48 hours had 
no significant toxicity on 786-O human renal cancer cells 
or HepG2 human liver cancer cells. A 48-hour treatment 
with 40 μM p-cresol did not affect the motility of 786-O 
cells. Interestingly, it promoted HepG2 cell migration and 
invasion.
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