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Abstract
Background  Pseudomyxoma peritonei (PMP) is a rare malignant peritoneal tumor that readily recurs and 
metastasizes. Studies have shown that cancer stem cells (CSCs) play an important role in tumor recurrence, metastasis, 
and prognosis.

Objective  In this study, our aim was to isolate CSCs from various tissues of PMP patients and compare their 
proliferation, migration, and anti-inflammatory abilities.

Methods  We identified CSCs subsets with markers CD133+, CD166+, and CD133+/CD166+ at the gene level using 
single-cell mRNA sequencing (scRNA-seq). Appendiceal CSCs (AC), peritoneal CSCs (PC), and mucous CSCs (MC) were 
obtained using MACSQuant Tyto sorting technology and FlowSight imaging flow cytometry. The cells were cultured 
and markers were identified. Finally, the functional phenotypes of the three cell types were compared.

Results  CSCs content was highest in the appendiceal tumor tissue and lowest in the mucous tissue. The cell viability 
rate of the sorted CSCs was above 98%, and the positive rate of CD133+ and CD166+ was 70–80%, and CD133+/
CD166+ was about 30%. Among the three types of CSCs, MC had the highest proliferation ability, and TNF-α has the 
greatest inhibitory effect on AC migration.

Conclusion  AC in patients was more inert and anti-inflammatory, whereas abdominal cavity MC and PC were 
more active. This study revealed the biological characteristics of CSCs in different tumor tissues of patients with PMP, 
providing a reference for future targeted CSCs therapy.
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Background
Pseudomyxoma peritonei (PMP) is an extremely rare 
peritoneal tumor that is estimated to affect 1–3 people 
per million per year [1]. PMP tumor cells mainly origi-
nate from the appendix (94%) [2] followed by the ovary 
[3]. The onset of PMP is insidious, mostly due to rupture 
of an appendiceal mucocele. Tumor cells with the ability 
to secrete mucin are implanted in the peritoneum, omen-
tum, and surface of abdominal organs. They secrete a 
large amount of jelly-like mucus into the abdominal cav-
ity, occupying the effective space of the abdominal cavity, 
leading to progressive abdominal distension, abdomi-
nal pain, intestinal obstruction, and eventually death. In 
addition, because the pathogenic cells are wrapped in 
mucus, they can exhibit high drug resistance, and it is dif-
ficult to completely remove them surgically, which ulti-
mately causes disease relapse [4, 5] (Fig. 1).

Currently, recognized strategies for the treatment of 
PMP include cytoreductive surgery (CRS) and hyperther-
mic intraperitoneal chemotherapy (HIPEC) [6, 7]. Stud-
ies from different centers have shown that after standard 
CRS + HIPEC treatment, the lowest rate of disease recur-
rence is 18.6%, generally between 26.4% and 46%, and 
the 5-year and 10-year survival rates are 71% and 42%, 
respectively [8]. CRS + HIPEC has relatively good sur-
vival benefits, but still cannot prevent disease recurrence 
and metastasis. Moreover, PMP often responds poorly 
to systemic chemotherapy, and there are no other effec-
tive treatments for patients who cannot be treated with 
CRS + HIPEC [9]. Therefore, finding a new strategy for 
the treatment of PMP based on CRS + HIPEC is an urgent 
problem.

Cancer stem cells (CSCs) are a small subset of undif-
ferentiated cells present in tumor tissues that have the 
potential for self-renewal and strong tumorigenic poten-
tial [10]. CSCs were first found in hematological malig-
nancies and then in colorectal, liver, head and neck, 
brain, pancreatic, breast, and ovarian tumors [11–15]. 
CD133 [16] and CD166 [17] are currently used as mark-
ers of tumor stem cells. Hermann et al. [18] found that 
CSCs expressing CD133 in adenocarcinoma tissues were 

highly resistant to standard chemotherapy. Gulam et al. 
[19] used CD133 and CD166 as markers of lung cancer 
stem cells and found that CD166+ cells were relatively 
resistant to apoptosis. Kim et al. [20] used pyrivine to 
act on CD133+/CD166+ stem cell populations, inhibit-
ing the progression of metaplasia in mice and promot-
ing the recovery of normal oxyntic glands. Leila et al. 
[21] showed that the high expression of CD166+ tumor 
stem cells in gastric cancer was directly correlated with 
lymphatic and subserous invasion. The mechanisms by 
which CSCs cause tumor recurrence and metastasis dif-
fer between tumors. Therefore, it is necessary to fully 
understand the biological characteristics of CSCs in PMP.

We can observe that the appendiceal tumor tissue, 
mucous tissue, and peritoneal tumor tissue of PMP 
patients exhibit three distinct lesions with different 
appearances. Therefore, we hypothesize that the bio-
logical characteristics of cancer stem cells in these three 
tissues would vary. Thus, this study aims to conduct a 
comparative analysis of the biological characteristics 
of appendiceal CSCs (AC), peritoneal CSCs (PC), and 
mucous CSCs (MC) derived from PMP patients.

Methods
Patient and tissue selection
Patients with appendiceal PMP were randomly selected 
prior to surgery (N = 6). The enrolled patients were newly 
diagnosed with no history of other tumors. None of the 
patients had received chemotherapy, targeted therapy, or 
immunotherapy before surgery. If postoperative pathol-
ogy reports ruled out appendiceal PMP, the patient was 
invited to withdraw from the study. Appendiceal tumor, 
mucous tissue, and peritoneal tumor tissues were chosen 
as the experimental specimens. All human tissues were 
handled in accordance with protocols approved by the 
hospital’s Ethics Committee (Application No. 2024-024).

Preparation of single cell suspensions from different tumor 
tissues
Appendiceal tumor tissue, mucous tissue, and perito-
neal tumor tissue were preserved in a tissue preservation 

Fig. 1  Clinical features of PMP. A. A large amount of mucus in the abdominal cavity leads to severe intestinal obstruction and frog-like abdomen. B. The 
“jelly”-like mucus in the abdominal cavity was removed during the operation. C. Tumor cells were widely planted on the omentum and peritoneum. D. 
A large appendix full of mucus

 



Page 3 of 9Zhou et al. Journal of Translational Medicine         (2024) 22:1022 

solution (130-100-008, Miltenyi). Tumors generally had 
a volume not exceeding 1.0 cm3 and a mass ranging 
between 0.6 and 0.8  g. The tissues were carefully dis-
sected and transferred to sterile 50 mL eppendorf tubes. 
Subsequently, 5 mL of our self-developed tissue lysate 
was added to each tube for digestion at 80  rpm and 37 
℃ on a shaking table for a duration of 1–3 h. Once the 
digestion process was complete, the supernatant was col-
lected by centrifugation at 50 g for 10 min to obtain a sin-
gle-cell suspension.

Single-cell mRNA sequencing of CSCs
CSC subpopulations were identified using single-cell 
mRNA sequencing (scRNA-seq). A cell suspension con-
taining 1 × 106 cells was rapidly loaded into a 3’ chemi-
cal chromium microfluidic chip, followed by reverse 
transcription of the RNA from these cells. Sequenc-
ing libraries were constructed using reagents from the 
Chromium single-cell 3’ v2 kit (10× Genomics, Pleasan-
ton, California) as per the manufacturer’s instructions. 
Illumina sequencing was performed according to the 
manufacturer’s instructions (Illumina, San Diego, Cali-
fornia). Intestinal cell type markers were determined 
based on The Caner Genome Atlas (TCGA) and Gene 
Expression Omnibus (GEO) databases (Table S1), and 
cells were annotated as epithelial cells, endothelial cells, 
fibroblasts, mast cells, smooth muscle cells, adipocytes, 
gonorrhea lymphocytes and myeloid lymphocytes. Based 
on previously reported mutated genes in PMP, along with 
colorectal cancer and appendix cancer markers in TCGA 
and GEO databases, the epithelial cell population was 
further annotated as PMP tumor cells and normal epithe-
lial cells (Table S2). Subsequently, CD133+, CD166+ and 
CD133+/CD166+ markers were used to screen for CSCs 
subsets within the selected PMP tumor cell population.

Flow cytometry and cell sorting of CSCs
Cells were incubated with antibodies for the cell markers 
CD133 and CD166. The cells were then digested, washed 
once with buffer (pH 7.2 phosphate buffered saline (PBS), 
0.5% bovine serum albumin), and centrifuged at 500 × g 
for 5 min at 4  °C. Fc receptors were blocked using nor-
mal mouse serum for 10 min at 25 °C. Subsequently, the 
cells were surface-stained with CD133-PE (12-1338-42; 
Thermo Fisher Scientific, Waltham, Massachusetts, USA) 
and mouse anti-human antibody (Cat. #562799, BD 
Biosciences, Franklin Lake, New Jersey, USA), CD166-
BV421 (404044182, Thermo Fisher Scientific, Waltham, 
Massachusetts, USA) and mouse anti-human antibody 
(Cat. #FAB2585A, R&D Systems, Minneapolis, MN, 
USA), or CD166-APC (17-1661-82, Thermo Fisher Sci-
entific, Waltham, Massachusetts, USA) and mouse anti-
human antibody (Cat. #130-093-581, Miltenyi Biotec, 
Bergisch-Gladbach, Germany) for a duration of 30 min at 

4 °C. After surface staining, the CSCs underwent another 
wash step using the aforementioned buffer followed by 
centrifugation at 500 × g for 5 min at 4 °C. The resulting 
cell pellet was resuspended in the same buffer for flow 
cytometry and cell sorting.

MACSQuant Tyto cell sorting
The cells incubated with antibodies for cell sorting were 
transferred to a MACSQuant Tyto Cartridge. The input 
sample contained 4 × 106 CSCs in 10 mL of MACSQuant 
Tyto Running Buffer. Logical gating hierarchies were 
constructed using the MACSQuant Tyto software prior 
to sorting. Cell debris, doublets, and dead cells were 
excluded by gating, and a gate was set on the target cells. 
The samples were sorted at a flow rate of 5 mL/h and a 
pressure of approximately 150 mbar. After sorting, the 
negative cells were analyzed using a FlowSight imaging 
flow cytometer to assess cell purity and yield. CD133 and 
CD166 expression was detected using a FlowSight imag-
ing flow cytometer, and simultaneously approximately 
4000–5000 cells were selected and visualized. Based 
on their morphology, size, and positivity rate, the sort-
ing strategy was adjusted in real time to ensure that the 
positivity rate of target cells reached more than 90 ~ 95% 
while maintaining cell viability above 95%.

FlowSight image flow cytometric analysis
Cells were acquired using a FlowSight imaging flow 
cytometer (Amnis, part of EMD Millipore, Massachu-
setts, USA), and cell debris and dead cells were identified 
and removed based on the aspect ratio and area of the 
cells. Each analysis yielded approximately 5000 cells, with 
BV421 detected in Channel 11 and PE acquired in Chan-
nel 3. Single colour control samples were compensated 
using a .rif compensation matrix before being converted 
to data analysis files (.daf ) and compensated image files 
(.cif ) with identical settings. The Ideas software version 
6.2 was used for data analysis.

Cultivation and identification of CSCs
The cells were cultured in a customized medium at 37 °C 
within a humidified incubator containing 5% CO2 gas 
mixture (Text S1). The identification of CSCs was accom-
plished through the utilization of immunofluorescence 
staining as well as flow cytometry techniques. To iden-
tify the CSC population by immunofluorescence stain-
ing, a polyclonal rabbit anti-CD133 antibody (1:200, Cat. 
#SAB5701045, Sigma-Aldrich, St. Louis, Missouri, USA) 
and polyclonal mouse anti-CD166 antibody (1:50, Cat. 
#AF1172, R&D Systems, Minneapolis, Minnesota, USA), 
were employed. Cell nuclei were counterstained with 
4′6-diamidino-2-phenylindole (DAPI) (1:20, Cat. #5748, 
R&D Systems) for five minutes before observation under 
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a fluorescence microscope (IX-70; Olympus Corporation, 
Tokyo, Japan).

Cell proliferation assays
The cell proliferation was assessed using the Cell Count-
ing Kit-8 (CCK-8) assay (Cat. #PA1-36074, Thermo 
Fisher Scientific, Waltham, Massachusetts, USA). Three 
types of CSCs were seeded at a density of 5000 cells per 
well in a 96-well plate. The outermost circle of the plate 
contained volatile liquid and was supplemented with PBS 
for moisturizing purposes only. The cells were cultured at 
37 °C and 5% CO2 for 24 h. In the blank control group, an 
equal volume of medium without any cells was added to 
each well as a negative control. Six replicate wells were 
set up for each experimental group without adding any 
cells. At different time points (days 1, 3, 5, 7, 9, and 11), a 
solution containing CCK-8 reagent (10µL) was added to 
each well and incubated for two hours. Each time point 
had six replicate wells in the experiment. The absor-
bance at wavelength of OD 450 nm was measured using 
a microplate reader (SpectraMax Gemini EM, Molecular 
Devices, USA). The cell proliferation rate at each time 
point was calculated based on the OD value as follows: 
Proliferation rate = (ODn - OD0)/OD0 × 100%, where ODn 
represents the OD value at each time point and OD0 
refers to the initial OD value after cell seeding in medium 
alone. This experiment was independently repeated three 
times in our laboratory.

Cell migration assays
The migration ability of cells was assessed using the Tran-
swell assay (Corning, Tewksbury, Massachusetts, USA). 
Tumor necrosis factor alpha (TNF-α) (200 ng/mL, Cat. 
#ab183218; Abcam, Cambridge Science Park, UK) was 
co-cultured with the cells to evaluate their anti-inflam-
matory potential. The experiment consisted of a TNF-α 
positive group (TNF-α+), a TNF-α negative group (TNF-
α−) and a blank control group (cell-free). The Transwell 
chamber was coated with basement membrane extracts 
(Cat. #E1270, Sigma-Aldrich, St. Louis, Missouri, USA) 
for 45 min and then covered at the bottom. A volume of 
500 µL medium was added to the lower chamber while 
the prepared cell suspension (2 × 104 cells) was inoculated 
into the upper chamber along with 200 µL medium con-
taining or lacking TNF-α. Incubation took place at 37 ℃ 
in a 5% CO2 incubator for a migration time of 16–18 h. 
At the end of this period, the chamber was removed and 
transferred to a cell superstatic table, where the culture 
medium was aspirated using a pipette. The membrane 
was then cleaned using a sterile cotton swab and trans-
ferred into a new sterile 24-well plate, to which 500 µL of 
4% paraformaldehyde was added to each well. The cham-
ber was held at a 45-degree angle for 10 min to allow cell 
fixation. Subsequently, the paraformaldehyde solution 

was discarded, and the cells were rinsed 2–3 times with 
PBS, and gently dried with a cotton swab. DAPI (1:20) 
staining in each well was performed for 10  min in the 
dark. The cells were observed and photographed using an 
inverted microscope (each well was divided into 15–20 
fields of view). The migrated cells were quantified using 
the ImageJ software. Cell migration rate (V1%) = N1 / 
N2 × 100%, Migration inhibition rate (V2%) = (N2-N3)/
N1 × 100%, where N1 represents the initial number of 
inoculated cells, N2 represents the number of cells 
migrated in TNF-α−, and N3 represents the number of 
cells migrated in TNF-α+. The experiment was indepen-
dently repeated three times.

Statistical analysis
The experimental data in this study were analyzed using 
SPSS 26.0 and GraphPad Prism version 8 software 
(GraphPad Software, San Diego, California USA, www.
graphpad.com). Statistical significance was determined 
at a p-value of less than 0.05. The statistical analysis 
involved the use of independent sample t-test or two-way 
analysis of variance. All experimental data are presented 
as mean ± standard deviation.

Results
CSCs subsets in the three tumor tissues
Single-cell suspensions of appendiceal tumors, perito-
neal tumors, and mucosal tissues from six patients were 
prepared for scRNA-seq analysis. Eleven distinct cell 
populations were identified by defining the cell subsets, 
as shown in Table S3 and Fig.  2. These cell populations 
include epithelial cells, endothelial cells, fibroblasts, 
smooth muscle cells, cancer stem cells, adipocytes, T 
cells, B cells, NK cells, macrophages, and granulocytes. 
Notably, all three tumor tissue types harbored CSCs sub-
sets in varying proportions. Appendiceal tumor tissues 
exhibited the highest proportion of CSCs (7.64 ± 0.43%), 
followed by peritoneal tumor tissues (5.71 ± 0.55%), 
while mucinous tissues displayed the lowest content 
(3.91 ± 0.13%).

CSCs sorting
The CSCs were obtained by cell sorting. The FlowSight 
imaging flow cytometer was utilized to detect the pres-
ence of CD133+ (R2 gate: 9.98 ± 1.72%), CD166+ (R2 
gate: 11.23 ± 1.32%), and CD133+/CD166+ (R2 gate: 
5.6 ± 1.06%) in the mixed cells prior to cell sorting 
(Fig.  3A). The MACSQuant Tyto system was used to 
sort CD133+, CD166+, and CD133+/CD166+ CSCs from 
the three tissue types. As the mixed cells passed through 
the microchip laser-sorting device at the bottom of the 
cartridge, the fluorescently labeled CSCs were sorted 
into the positive cell compartment, whereas the remain-
ing cells were directed to the negative cell compartment 

http://www.graphpad.com
http://www.graphpad.com
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(Fig.  3B). Real-time and visual observation of sorted 
CSCs was conducted using a FlowSight imaging flow 
cytometer, which enabled the visualization of single-
cell membrane expression of both CD133+ and CD166+. 
Cell viability exceeded 98% (Fig.  3C). Flow cytometry 
analysis of sorted negative cells revealed a nearly com-
plete absence of CD133+ (R2 gate: 2.27 ± 0.76%), CD166+ 

(R2 gate: 1.31 ± 0.59%), and CD133+/CD166+ (R2 gate: 1 
0.46 ± 0 0.71%) CSCs (Fig. 3D).

Cell culture and marker identification
The sorted CSCs were seeded in a homemade culture 
medium and cultured at 37  °C in a humidified incuba-
tor with 5% CO2 (Text S1). Only cells in the logarithmic 

Fig. 3  CSCs sorting process. A. Flow cytometry was used to detect CD133+, CD166+, and CD133+/CD166+ CSCs populations within mixed cells, with the 
R2 gate serving as the target cell population. B. Sorting of CSCs from three tissue classes using the cartridge of the MACSQuant Tyto system, with the 
cartridge and microchip on the left and cell sorting through the microchip on the right. C. Real-time visualization of CSCs obtained by FlowSight imaging 
flow cytometer. Bright field and cell fluorescence image are presented, with Ch01: light field, Ch03: CD133-PE, and Ch11: CD166-BV421; scale bar = 20 μm. 
Flow cytometric analysis was performed on the sorted negative cells

 

Fig. 2  Cellular composition and content in various tumor tissues. A. UMAP visualization of nine distinct cell types in appendiceal tumor tissue. B. UMAP 
visualization illustrating eight different cell types in peritoneal tumor tissue. C. UMAP visualization of nine specific cell types in mucinous tumor tissue. 
Each dot on the UMAP diagram represents an individual cell, with cells of the same type represented by dots of the same color

 



Page 6 of 9Zhou et al. Journal of Translational Medicine         (2024) 22:1022 

growth phase cultured until the third passage were 
selected. Microscopic examination revealed that all 
three CSCs types exhibited robust adherence to the 
cell wall and displayed predominantly fusiform or oval 
shapes (Fig.  4A). Immunofluorescence staining and 
flow cytometry were used to identify the expression of 
CD133+, CD166+, and CD133+/CD166+ in CSCs (Fig. 4B, 
C). ImageJ software was used to calculate the positivity 
rates of the markers from immunofluorescence stain-
ing images (Table S4). The results revealed that CD133+ 
and CD166+ cells had positivity rates ranging from 70 to 
80% across all cell types, whereas the positivity rate for 
CD133+/CD166+ cells was approximately 30%.

Comparison of cell proliferation, migration, and anti-
inflammatory phenotype function
Cell proliferation was assessed using the CCK-8 assay, 
which revealed that MC had a stronger proliferative abil-
ity than PC and AC (p = 0.0212). However, there was no 
significant difference in the proliferative abilities of PC 
and AC cells (p = 0.4403) (Fig. 5A). To evaluate cell migra-
tion and anti-inflammatory ability, cells were co-cultured 
with TNF-α and the Transwell assay was performed. 
The number of migrating cells was determined by DAPI 
staining of nuclei (Fig. 5D). Under normal conditions, the 

migration rates for MC, AC, and PC were 11.29 ± 2.38%, 
10.27 ± 0.79%, and 12.02 ± 1.07% respectively; whereas in 
an inflammatory environment induced by TNF-α treat-
ment, the migration rates were 9.74 ± 1.29% for MC, 
2.74 ± 0.64% for AC, and 7.73 ± 0.42% for PC (Fig.  5B, 
Table S5). The inhibition rates from TNF-α on cell migra-
tion were 18.09 ± 0.09% for MC, 73.07 ± 0.13%, for AC, 
and 35.04 ± 0.16% for PC (Fig.  5C). Statistical analysis 
showed no significant difference in CSCs’ migration 
ability among the three types under normal conditions 
(p = 0.1802), while TNF-α exerted the greatest inhibitory 
effect on the migration ability of AC (p < 0.0001).

Discussion
Currently, there are few studies focusing on CSCs in 
PMP. This may be attributed to the rarity of PMP, and the 
difficulties with early diagnosis. By the time the disease 
is diagnosed, patients often have already undergone mul-
tiple abdominal organ surgeries, including the removal 
of primary lesions such as those in the appendix, result-
ing in a scarcity of samples for research [22]. Addition-
ally, owing to their limited presence within the tumor cell 
population, defining and isolating CSCs with high purity 
and viability poses significant difficulties.

Fig. 4  Cell culture and marker identification. A. Observation of cell growth using a light microscope revealed the morphology, size, and adherence of 
cells in the logarithmic growth phase, with a scale bar indicating 100 μm. B. Immunofluorescence staining was performed to detect markers. Nuclei are 
stained blue, CD133+ appears as green fluorescence, CD166+ appears as red fluorescence, and CD133+/CD166+ appears as yellow fluorescence. Scale bar 
indicates 200 μm. C. Marker detection was also conducted using flow cytometry, where each colored point represents a cell. The target cell population is 
enclosed by a black box for clarity, with brighter colors indicating a higher cell density
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This study represents a pioneering effort to elucidate 
the presence of a distinct subpopulation of CSCs within 
PMP at the single-cell level. Appendiceal, peritoneal, and 
mucinous tumor tissues harbored varying proportions of 
CSCs subsets, with the appendiceal tumor tissue exhibit-
ing the highest abundance and the mucinous tissue dis-
playing the lowest. Furthermore, diverse cell types, such 
as macrophages and T cells, were prominent in tumor 
tissues. Therefore, investigation of the immune microen-
vironment surrounding these neoplastic cells is impera-
tive for future research.

Based on the sequencing results, the CSCs were suc-
cessfully sorted using MACSQuant Tyto and FlowSight 
imaging flow cytometers [23]. The MACSQuant Tyto is 
a hermetically sealed sterile sorting system. The sorting 
process takes place within a sealed cartridge designed 
in the shape of a “boat,” allowing for reduction of sort-
ing pressure to 2 kPa. Moreover, owing to the absence of 
sheath fluids and fluid tubes within the sorting chamber, 

the cells are not subjected to shear forces, decompres-
sion, or charging. Most importantly, cells can undergo 
multiple consecutive sorting without compromising via-
bility, resulting in enhanced purity and viability of target 
cells [24]. The sorted CSCs were passaged stably until the 
fifth generation. Morphological observations showed that 
the cells were plow-shaped, and most were fusiform or 
oval. Immunofluorescence staining and flow cytometry 
were used to determine the expression of CD133, CD166, 
and CD133/CD166 in the CSCs. The results demon-
strated the stable expression of these markers in CSCs 
with a purity of up to 80%. These findings not only laid a 
foundation for subsequent cell experiments but also vali-
dated the reliability of this novel cell sorting method.

Cell proliferation, migration, and anti-inflammatory 
properties play crucial roles in tumor recurrence and 
metastasis. The inhibitory effect of TNF-α on both cell 
proliferation and migration has been observed [25]. In 
this study, we investigated the proliferation, migration, 

Fig. 5  Comparative analysis of cellular proliferation, migration, and anti-inflammatory phenotypes A. Cell proliferation was assessed using the CCK-8 
assay with cells cultured for 1, 3, 5, 7, 9, and 11 days. B and C. Co-culturing cells with TNF-α enabled evaluation of cell migration and anti-inflammatory 
potential through Transwell assays. The bar graph illustrates the rates of cell migration and inhibition of migration. Error bars represent standard error of 
the mean. D. Cell migration was visualized by nuclear staining using DAPI; the scale bar represents 200 μm
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and anti-inflammatory capacities of the three types 
of CSCs. The findings revealed that MC exhibited the 
highest proliferation and anti-inflammatory capacity, 
whereas AC displayed the weakest proliferation ability. 
TNF-α exerted the strongest inhibitory effect on AC cell 
migration.

A prominent characteristic of patients with PMP is the 
extensive dissemination of gelatinous mucus within the 
peritoneal cavity. The present study suggests that MC 
populations demonstrate superior proliferative and anti-
inflammatory capabilities. Hence, it can be inferred that 
the presence of highly proliferative and anti-inflamma-
tory MC contributes to the challenge of surgical mucus 
removal, and renders these cells resistant to chemother-
apy. The proliferation and anti-inflammatory abilities of 
AC, however, are limited, suggesting that AC are early or 
immature CSCs.

These results indicate that these CSCs possess dis-
tinct characteristics and are not identical; AC are more 
inert, whereas MC and PC in the peritoneal cavity are 
more active. Clinical evidence has demonstrated that the 
tumor tissue within the appendix can remain dormant 
in its lumen for up to 10–20 years [26]. However, once it 
invades the serosal layer (without visible rupture), rapid 
implantation and metastasis occur within the abdomi-
nal cavity, thereby accelerating disease progression [27]. 
Therefore, considering the clinical manifestations, it is 
plausible to suggest that the differences in cellular func-
tion may be attributed to variations in the abdominal 
microenvironment. Consequently, future research focus-
ing on understanding the tumor microenvironment 
within the abdominal cavities of patients with PMP is 
required.

Conclusions
MC, AC, and PC were successfully isolated from patients 
with PMP using MACSQuant tyto sorting and Flow-
Sight imaging flow cytometry, followed by subculturing 
and identification. Comparison of cell function revealed 
that the appendiceal tumor tissue had a high CSCs con-
tent which exhibited an indolent nature and weak anti-
inflammatory ability. Although the content of CSCs in 
mucous tissue was low, the cells in MC have strong pro-
liferation, migration and anti-inflammatory abilities. 
Overall, this study provides preliminary insights into the 
biological characteristics of CSCs in different cancer foci 
and offers reference data for future targeted CSCs thera-
pies. In addition, this study presents a novel cell-sorting 
strategy. Furthermore, when combined with the clini-
cal manifestations, we hypothesized that the functional 
differences among these three classes of CSCs may be 
attributed to variations in the microenvironment at their 
respective implantation sites within the abdominal cav-
ity. Early detection of malignant changes in the appendix 

and prompt resection interventions are crucial to prevent 
disease progression and metastasis.
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