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Abstract 
 
Cancer-associated mesenchymal stem cells (Ca-MSCs), an integral part of the tumor microenvironment, play a major role 
in modulating tumor progression; they have been reported to progress as well as inhibit various cancers, including cervical 
cancer. To understand the exact role of Ca-MSCs in tumor modulation, it is necessary to have an optimized protocol for Ca-
MSCs isolation. This work demonstrates the isolation and expansion of a primary culture of cervical cancer–associated 
MSCs (CCa-MSCs) from the biopsy sample of cervical cancer patients using the explant culture technique. The isolated 
cells were characterized according to International Society for Cellular Therapy (ISCT) guidelines. Morphological analysis 
revealed that cells were adherent to the plastic surface and possessed spindle-shaped morphology. Flow cytometry analysis 
of the cells showed high expression (~98%) for MSC-specific cell surface markers (CD90, CD73, and CD105), negative 
expression (<0.5%) for endothelial cell marker (CD34) and hematopoietic cell marker (CD45), and negligible expression 
for HLA-DR, as recommended by ISCT. Further, trilineage differentiation potential analysis of the cells showed their 
osteogenic and chondrogenic potential and adipogenic differentiation. This standardized protocol will assist in the 
cultivation of CCa-MSCs and the study of their interactions with tumor cells and other components of the tumor 
microenvironment. This protocol may be utilized in the establishment of Ca-MSCs from other types of cancers as well. 
 
 

Key features 
• Isolation and expansion of cervical cancer–associated mesenchymal stem cells (CCa-MSCs) from patient biopsy sample. 
• Characterization of isolated CCa-MSCs for the presence of MSC-specific cell surface markers and trilineage 

differentiation potential. 
• CCa-MSCs can be employed to study the interactions with the tumor cells in the tumor microenvironment. 
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Graphical overview 
 

 
 
 

Background 
 
A tumor is a micro-niche in which the cancer cells interact with their neighboring non-tumorigenic host cells. These 
intercellular communications are critical to the pathophysiology of this disease, and hence, they have gained much attention 
among researchers over the past couple of decades. The tumor niche, popularly termed tumor microenvironment (TME), 
comprises endothelial cells, fibroblasts, immune cells, and mesenchymal stem cells (MSCs), among others. It also consists 
of extracellular components like extracellular matrix, cytokines, or growth factors [1,2]. All these components are present 
in the vicinity of cancer cells and are further supported by a dense vascular network. This complex TME can modulate tumor 
initiation, progression, and metastasis and even alter the response of these cancer cells to therapy [3]. 
Currently, there is limited understanding of the interactions that occur within the TME. One such interaction that modulates 
tumor growth is one with MSCs, which, over the years, have been reported to act as a double-edged sword for participating 
both in tumor progression and inhibition [4]. MSCs are spindle-shaped cells that are present in almost all tissues of the body; 
with their high migratory abilities, they move to the site of the tumor. Numerous studies have been conducted to gain insight 
into the role of these MSCs in tumor progression, mainly using bone marrow–derived MSCs or adipose-derived MSCs 
(ADSCs) [5,6]. However, recent studies suggest that cancer-associated MSCs (Ca-MSCs) possess stronger pro-tumorigenic, 
immunosuppressive, and angiogenic properties than parental MSCs [1,7,8]. Studies suggest that MSCs migrated toward 
tumor sites differentiate into tumor-associated phenotypes to form Ca-MSCs. Even within the TME, Ca-MSCs have been 
reported to be educated by tumor cells, and they, in turn, secrete growth factors and chemokines that support tumor growth 
[9]. This indicates that MSCs isolated from tumor lesions truly represent the characteristics of TME rather than MSCs 
isolated from tumor-free tissues [10,11]. While the role of Ca-MSCs has been investigated in ovarian, gastric, hepatocellular, 
breast, and lung cancers, their role in cervical cancer remains largely unexplored [12–15]. 
Resistance to chemotherapy and radiotherapy remains a significant challenge, leading to tumor relapse in cervical cancer 
patients. This resistance is largely attributed to cancer stem cells within the TME, a small but highly potent subpopulation 
with strong self-renewal, differentiation, and tumorigenic potential [16]. Research aims to understand their resistance 
mechanisms and develop targeted therapies, necessitating an optimized protocol for isolating pure cancer stem cells. While 
Ca-MSCs have been isolated from various cancers [9], their characterization in cervical cancer remains limited. To address 
this, we focused on isolating and characterizing cervical cancer–associated mesenchymal stem cells (CCa-MSCs) using an 
optimized explant culture method.  
Previously, Garcia et al. reported the isolation of CCa-MSCs using enzymatic digestion alone [17]. However, this method 
may compromise cell viability due to cellular damage. Research suggests that explant culture yields a more proliferative, 
homogenous cell population compared to enzymatic digestion [18]. Accordingly, in the present study, we have successfully 
demonstrated the isolation and characterization of CCa-MSCs by the explant culture method which generates a homogenous 
cell population free from contamination of other cell types [17–20]. 



 

Cite as: Singla, S. et al. (2025). Isolation and Characterization of Cervical Cancer-Associated Mesenchymal Stem 
Cells From Primary Tumors Using Explant Culture. Bio-protocol 15(12): e5358. DOI: 10.21769/BioProtoc.5358 

3 

 

Published: Jun 20, 2025 

Materials and reagents 
 
Biological materials 
 
1. Biopsy samples were collected from three treatment-naive cervical cancer patients diagnosed with squamous cell 
carcinoma or adenocarcinoma (Table 1). The sample was collected by the consulting gynecologist in the Department of 
Obstetrics and Gynecology, PGIMER Chandigarh, after obtaining proper informed consent and approval by the Institute 
Ethics Committee. 
 
Table 1. Clinical details of the cervical cancer patients  

Patient ID Age of the patient Cervical cancer subtype 
P1 54 Adenocarcinoma 
P2 65 Moderately differentiated squamous cell carcinoma 
P3 49 Moderately differentiated squamous cell carcinoma 

 
Reagents 
 
1. Alizarin red S stain (Sigma-Aldrich, catalog number: TMS-008) 
2. Antibiotic antimycotic cocktail (Himedia, catalog number: A002-5X50ML) 
3. Ascorbic acid (Himedia, catalog number: TC094-25G) 
4. Dexamethasone 21-phosphate sodium (Sigma-Aldrich, catalog number: D1159-100MG) 
5. DMEM low glucose (Gibco, catalog number: 11885-084) 
6. Dulbecco’s phosphate-buffered saline (PBS) (Himedia, catalog number: TS1006-5L) 
7. EZ Stain Chondrocyte Staining kit (Alcian blue stain) (Himedia, catalog number: CCK029) 
8. Fetal bovine serum (FBS) (Gibco, catalog number: 16000044) 
9. Human TGF-β3 (Peprotech, catalog number: 100-36E-10U) 
10. Insulin-Transferrin-Selenous acid premix (Sigma-Aldrich, catalog number: I3146) 
11. Monopotassium phosphate (Sigma-Aldrich, catalog number: 15655-100G) 
12. Oil red O stain (Sigma-Aldrich, catalog number: 01391-250Ml) 
13. Sodium pyruvate solution (Sigma-Aldrich, catalog number: S8636-100ML) 
14. StemPro Adipogenesis Differentiation kit (Thermo Fisher Scientific, catalog number: A1007001) 
15. TrypLE Express enzyme (Gibco, catalog number: 12604021) 
16. β-glycerophosphate disodium salt hydrate (Sigma-Aldrich, catalog number: G9422-50G) 
17. 10% neutral buffered formalin solution (Sigma-Aldrich, catalog number: HT501128-4L) 
 
Antibodies 
1. PE Mouse anti-human CD105 antibody (1:50) (BD-Pharmingen, catalog number: 560839)  
2. FITC anti-human CD34 antibody (1:50) (BioLegend, catalog number: 343604) 
3. FITC anti-human CD45 antibody (1:50) (BioLegend, catalog number: 304006) 
4. FITC anti-human CD73 antibody (1:50) (BioLegend, catalog number: 344016) 
5. FITC anti-human CD90 antibody (1:50) (BioLegend, catalog number: 328107) 
6. PE anti-human HLA-DRHLA-DR (1:50) (BioLegend, catalog number: 307065) 
 
Solutions 
 
1. CCa-MSCs culture media (see Recipes) 
2. PBS (see Recipes) 
3. Chondrogenic differentiation media (see Recipes) 
4. Osteogenic differentiation media (see Recipes) 
5. Osteocyte staining solution (Alizarin Red S stain) (see Recipes) 
6. Adipocyte staining solution (Oil Red O stain) (see Recipes) 
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Recipes 
 
1. CCa-MSCs culture media 
Supplement DMEM (1 g/L) with 10% FBS and 1× antibiotic antimycotic solution (100 U penicillin, 100 μg of streptomycin, 
and 0.25 μg of amphotericin B). 
 
2. PBS 
Dissolve 9.6 g of PBS in sterile water and autoclave. Add 1× antibiotic antimycotic solution (100 U penicillin, 100 μg of 
streptomycin, and 0.25 μg of amphotericin B). Filter the PBS solution. 
 
3. Chondrogenic differentiation media 

Reagent Stock concentration Final concentration Volume 
Ascorbic acid 200 M 0.2 M 50 μL 
Sodium pyruvate 100 mM 1 mM 500 μL 
Human TGF-β3 250 mM 10 μM 2 μL 
Dexamethasone 21-phosphate sodium 10 M 1 mM 5 μL 
Insulin-Transferrin-Selenous acid premix 1,000× 1× 50 μL 
DMEM low glucose n/a n/a 50 mL 
Antibiotic-antimycotic solution 100× 1× 500 μL 
Total  n/a 50 mL 

Note: Filter the differentiation media using a 0.22 μm syringe filter after mixing all the components. Prepare the stock 
solutions in sterile water. Individual components can be stored at -20 °C. Check for any precipitates after freeze thaw. 
 
4. Osteogenic differentiation media 

Reagent Stock concentration Final concentration Volume 
β-glycerophosphate disodium salt hydrate 2.5 M 5 mM 100 μL 
Monopotassium phosphate 0.5 M 1.8 mM 100 μL 
Dexamethasone 21-phosphate sodium 1 mM 0.01 mM 0.25 μL 
DMEM low glucose n/a n/a 50 mL 
Antibiotic-antimycotic solution 100× 1× 500 μL 
Total   n/a 50 mL 

Note: Filter the differentiation media using a 0.22 μm syringe filter after mixing all the components. Prepare the stock 
solutions in sterile water. Individual components can be stored at -20 °C. Check for any precipitates after freeze thaw. 
 
5. Osteocyte staining solution (Alizarin Red S stain) 
Note: Adjust the pH of the staining solution to 4.1–4.3 with 0.1% ammonium hydroxide or 0.1% HCl. Make up the total 
volume to 100 mL after adjusting the pH of the solution. Filter the solution through Whatman filter paper to remove any 
undissolved components. 

Reagent Final concentration Quantity 
Alizarin Red S n/a 2 g 
dH2O n/a 100 mL 
Total  n/a 100 mL 

 
6. Adipocyte staining solution (Oil Red O stain) 
Note: Filter the solution through Whatman filter paper to remove any undissolved components. 

Reagent Final concentration Volume 
Oil Red O stain n/a 30 mL 
dH2O n/a 60 mL 
Total  n/a 90 mL 

 
Laboratory supplies 
 
1. 6-well cell culture plate (Corning, catalog number: 3516) 
2. T-25 flasks (Corning, catalog number: 430639) 
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3. T-75 flasks (Corning, catalog number: 430641U) 
4. Petri dish (Tarson, catalog number: 460090-90MM) 
5. 0.22 μm Whatman filter paper (Merck, catalog number: WHA1001325) 
 
 

Equipment 
 
1. EVOS LED microscope (Invitrogen) 
2. FACS Canto flow cytometer (BD Biosciences) 
3. Inverted microscope (Leica) 
4. Centrifuge (ifuge L400P, model: LC01-3020 EU/AUS/IND) 
5. Biosafety cabinet (Nuaire, model: NU-437-4009) 
6. Surgical tools (scalpel and forceps) 
7. CO2 incubator (Nuaire) 
8. Hemocytometer (depth 0.1 mm) (Perfect Improved Neubauer) 
9. -20 °C freezer (Vest Frost Solutions) 
10. -80 °C freezer (Thermo Scientific) 
11. Refrigerator (Samsung, model: RT28M3022S8/HL/2018) 
12. 0.5–10 μL single channel variable pipette (Eppendorf, model: Research® plus, catalog number: 3125000028) 
13. 10–100 μL single channel variable pipette (Eppendorf, model: Research® plus, catalog number: 3123000047) 
14. 100–1,000 μL single channel variable pipette (Eppendorf, model: Research® plus, catalog number: 3123000063) 
15. Autoclave (Equitron) 
16. Mr. FrostyTM freezing container (Thermo Scientific, catalog number: 5100-0001) 
17. Weighing balance (Wensar) 
 
 

Software and datasets 
 
1. BD FACSDiva 8.0.3 
 
 

Procedure 
 
A. Collection and transportation of biopsy samples to the tissue culture laboratory 
 
1. Collect cervical cancer tissue from patients, making sure that the sample is collected under aseptic conditions by a 
qualified physician. 
2. Collect the tissue in a sterile specimen container containing cold 1× sterile PBS, seal the specimen container with parafilm, 
and immediately transport it to the laboratory in an ice box (Figure 1i). 
3. Process the sample within 1 h of collection to establish the primary culture. 
 

 
 
Figure 1. Stepwise protocol for establishing explant culture. (i) A biopsy sample was brought to the laboratory in PBS, 
(ii) washed with ice-cold PBS 3–4 times, and (iii) dissected into small pieces. (iv) 5–6 pieces were placed in each well of a 
6-well culture plate.  
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B. Establishment of primary culture of CCa-MSCs from patient-derived cervical cancer biopsy 
 
Note: Once the tissue has been carefully transported to the tissue culture laboratory, perform the subsequent steps in a 
biosafety cabinet level 2. 
1. Using a pair of clean forceps, carefully place the tissue in a sterile Petri dish (100 mm × 20 mm) and rinse the tissue at 
least two to three times with 1× sterile PBS to get rid of any blood or any clots from the tissue (Figure 1ii). 
Note: Since the cervical cancer tissue is highly vascularized and has an abundant blood supply, removing the blood from 
the tissue may require numerous rinsings with cold 1× PBS (see General note 1). 
2. Transfer the tissue to another Petri plate containing sterile 1× PBS and dissect the tissue into small fragments (1–2 mm) 
using a pair of forceps and a sterile surgical blade (Figure 1iii).  
3. Once the fragments have been cut, add 900–1,000 μL of DMEM to a 6-well culture plate.  
4. Place 6–8 tissue fragments into each well of the 6-well cell culture plate using a pair of forceps and blades. Let the plate 
stay in the biosafety cabinet for 4–5 min to allow the explants to adhere well to the surface of the cell culture plate (Figure 
1iv).  
5. Carefully transport the plate to a humidified incubator maintained at 37 °C and 5% CO2 without disturbing the explants.  
6. Next day, slightly tilt the plate, aspirate the media from all the wells, and add 900 μL of fresh CCa-MSCs culture media 
in each well gently along the sides of the wall, making sure not to disturb the explants at any step. Thereafter, change the 
media every 2 days. 
7. Monitor the explants under an inverted microscope on a regular basis and observe the migration of spindle-like cells out 
of the explant (Figure 2).  
Note: At this stage, CCa-MSCs can be identified based on their ability to adhere to the plastic surface of the cell culture 
dish and their spindle-shaped morphology. 
 

 
 
Figure 2. Primary culture of cervical cancer–associated MSCs (CCa-MSCs). (i) A single explant attached to the surface 
of the culture plate. (ii) Adherent spindle-shaped cells migrating out of the explants on Day 3. (iii) The explant surrounded 
by more adherent cells by Day 9. (iv) Spindle-shaped morphology of CCa-MSCs at passage 2. Scale bar = 100 μm. 
 
8. Once a sufficient number of cells migrate out of the explants, remove the explants and allow the cells to proliferate and 
reach 70%–80% confluency for subculture as well as characterization (Figure 2). 
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9. For subculturing, decant the media from all wells of the cell culture plate and wash the cells with 1 mL of 1× PBS. Add 
500 μL of 1× TrypLE Express enzyme to cover the entire surface of the cell culture dish.  
10. Transfer the cell culture plate to the incubator and keep the flask at 37 °C for 1–2 min. Then, observe the cells under the 
microscope to check if they have detached from the surface of the plate. 
Note: CCa-MSCs detach from the surface of the cell culture plate within 1–2 min after the addition of TrypLE. In case they 
do not detach, gently tap the plate from the sides and incubate it for an additional 1–2 min.  
11. Add 1 mL of 1× PBS to all the wells of the cell culture dish and transfer the cell suspension to a fresh 15 mL conical 
centrifuge tube. Centrifuge the cell suspension at 570× g for 5 min at room temperature in a swinging bucket rotor to get a 
cell pellet at the bottom of the tube. 
12. Decant the supernatant carefully without disturbing the pellet and add 5 mL of fresh CCa-MSCs culture media to the 
pellet. 
13. Resuspend the pellet carefully to get a single cell suspension, transfer it to a T25 flask and keep it in the incubator at 
37 °C and 5% CO2. 
14. The next day, replace the media with fresh CCa-MSCs culture media and thereafter change the media every 2 days. 
 
C. Expansion of CCa-MSCs culture  
 
1. Decant the cell culture media from a confluent CCa-MSCs T25 cell culture flask and rinse it with 5 mL of 1× PBS. 
2. Pipette 1 mL of 1× TrypLE Express enzyme into the flask and slowly move it in a figure-of-eight motion so that TrypLE 
evenly covers the surface of the flask.  
3. Transfer the flask back to the incubator and keep it at 37 °C for 1–2 min. Then, observe the cells under the microscope to 
check if they have detached from the surface of the flask. 
4. Add 2 mL of 1× PBS to the flask and transfer the cell suspension to a fresh and sterile 15 mL conical centrifuge tube. 
Add 2 mL of 1× PBS again to every well and transfer it again to the centrifuge tube to remove all cells from the flask. 
5. Centrifuge the cell suspension at 570× g for 5 min at room temperature. Decant the supernatant carefully and add 1 mL 
of fresh CCa-MSCs culture media to the tube. Resuspend the cell pellet gently using a pipette to get a single-cell suspension.  
6. Seed 6 × 105 cells/mL into T75 flasks containing 10 mL of CCa-MSCs culture media and keep the flasks in the incubator 
at 37 °C and 5% CO2. 
7. Replace the media with fresh CCa-MSCs culture media on the subsequent day to remove any dead cells. Thereafter, 
change the media every 2 days. 
 
D. Characterization of CCa-MSCs 
 
The characterization of CCa-MSCs for all samples was done at passages 3 and 4. 
 
D1. Phenotypic characterization of CCa-MSCs 
1. Collect cells from a T75 flask (70%–80% confluent) containing approximately 20 × 105 cells at passage 4. 
2. Resuspend the cell pellet in 1 mL of 1× PBS by pipetting gently and obtain a single-cell suspension.  
3. Count the cells using a hemocytometer and divide the cell suspension into 5 microcentrifuge tubes containing 
approximately 105 cells per tube. Add 2 μL of fluorescein isothiocyanate (FITC)- and phycoerythrin (PE)-conjugated 
antibodies for cluster of differentiation (CD) markers CD90, CD73, CD105, CD34, CD45, and HLA-DR and incubate for 
30 min in the dark at room temperature [20]. 
Note: Unstained cells and isotype controls must be used while preparing cells for acquisition to get rid of any background 
fluorescence. 
4. Centrifuge at 570× g for 5 min to pellet down the cells and discard the supernatant. Add 1 mL of PBS to all tubes and 
centrifuge again to remove excess antibodies. 
5. Resuspend the labeled cell pellet in 200 μL of 1× PBS and transfer the cell suspension to flow cytometry tubes for 
acquisition. The percentages of cells positive and negative for the above-mentioned markers can be assessed. 
 
D2. Trilineage differentiation of CCa-MSCs 
To analyze the differentiation potential of CCa-MSCs, cells between passages 3 and 5 should be used, and a control group 
containing only media should be cultured along with them.  
• To set up the trilineage differentiation experiment, detach cells from a 70%–80% confluent flask as previously described 
and resuspend the cells in complete DMEM low-glucose media.  
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• Count the cells and seed 4 × 104 cells per well of a 24-well cell culture plate containing 500 μL of media and allow them 
to proliferate for further induction of differentiation. 
 
1. Adipogenic differentiation  
a. Once cells reach 40%–50% confluency, remove the media from all wells and add 400 μL of adipogenic differentiation 
media (from StemPro Adipogenesis Differentiation kit) to each well. For control wells, add only DMEM low glucose media 
containing no inductive factors (as per the manufacturer’s protocol). Change the media every 2 days and culture the cells 
for 18 days.  
b. Following the end of the induction period, remove the media from the induced and control wells and wash the cells thrice 
with 1× PBS. 
c. Fix the cells with 10% neutral buffered formalin solution for 20 min at room temperature.  
d. Wash the fixed cells thrice with 1× PBS, add 400 μL of oil red O stain to each well, and incubate at room temperature for 
40–45 min. 
e. Remove the stain and rinse all wells with ddH2O at least 3–4 times to remove the excess stain. Observe the cells under a 
brightfield microscope for the formation of lipid droplets at 20× and 40×. 
 
2. Osteogenic differentiation of CCa-MSCs 
a. Once the CCa-MSCs monolayer reaches 40%–50% confluency, remove the media from all wells with the help of a pipette 
and then add osteogenic differentiation media. Simultaneously, in the control wells, add 400 μL of only DMEM low glucose 
media [21,22]. 
b. Change the media every 2 days and culture the cells for 18 days. 
c. After 18 days of differentiation, remove the media from all wells and rinse the cells thrice with 1× PBS.  
d. Fix the cells with 10% neutral buffered formalin solution for 20 min at room temperature and proceed with Alizarin red 
S staining that binds to calcium in osteocytes. 
e. For staining, wash the fixed cells thrice with 1× PBS. Add 400 μL of the prepared stain solution and incubate at room 
temperature for 40–45 min. 
f. Remove the stain and wash the cells at least 3–4 times with ddH2O to remove any excess stain. Observe the differentiated 
cells under the brightfield microscope at 4× and 10× magnification. 
 
3. Chondrogenic differentiation of CCa-MSCs 
a. Once the CCa-MSCs monolayer reaches 40%–50% confluency, remove the media from all wells with the help of a pipette 
and then add chondrogenic differentiation media. 
b. Simultaneously, in the control wells, add 400 μL of only DMEM low glucose media without any chondrogenic induction 
components.  
c. Change the media every 2 days and culture the cells for 18 days. 
d. After 18 days of differentiation, remove the media from all wells and rinse the cells thrice with 1× PBS.  
e. Fix the cells with 10% neutral buffered formalin solution for 20 min at room temperature. 
f. Wash the cells thrice with 1× PBS and add EZ stain chondrocyte staining solution (alcian blue stain) that strongly binds 
to sulphated glycosaminoglycans and glycoproteins in cartilage. Incubate the cells at room temperature for 40–45 min. 
g. Remove the stain and wash the cells at least 3–4 times with ddH2O to remove any excess stain. Observe the cells under 
the brightfield microscope at 4× and 10× magnification. 
 
 

Data analysis 
 
To characterize MSC surface antigens using antibodies against specific markers, at least 10,000 events were recorded on a 
BD FACScanto flow cytometer. BD FACSDiva 8.0.3 software was used to analyze flow cytometry data. 
 
 

Validation of protocol 
 
The protocol for isolation and characterization of CCa-MSCs has been validated on three different patient samples. In all 
three patient samples, the cells that migrated out of the explants showed adherence to the plastic surface with spindle-shaped 
morphology. Characterization of the isolated cells for cell surface markers showed high expression (>94%) for mesenchymal 
markers CD73, CD105, and CD90 and negligible expression (<1%) for hematopoietic marker CD45, endothelial marker 
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CD34, and HLA-DR (Table 2, Figure 3). Further, isolated cells showed the ability to differentiate into osteogenic, 
chondrogenic, and adipogenic lineages when stimulated with respective differentiation media (Figure 4). These observations 
confirm that the isolated cells are mesenchymal stem cells. Since the cells were isolated from confirmed cases of cervical 
cancer, these can be called cervical cancer–associated mesenchymal stem cells. 
 
Table 2. Phenotypic characterization of MSC-specific cell surface markers through flow cytometry 

Cell surface markers P1 P2 P3 
Unstained  99.55 ± 0.05 99.90 ± 0.0 99.5 ± 0.0 
CD73 99.55 ± 0.05 94.50 ± 0.40 98.5 ± 0.0 
CD105 97.35 ± 0.25 86.55 ± 0.05 99.15 ± 0.05 
CD90 98.35 ± 0.35 98.55 ± 0.15 99.25 ± 0.15 
CD45 0.2 ± 0.0 0.0 ± 0.0 0.30 ± 0.0 
CD34 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
HLA-DR 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

 
 

 
 
Figure 3. Characterization of cervical cancer–associated MSCs (CCa-MSCs) for cell surface markers. 
Characterization of cell surface markers by flow cytometry shows positive expression of MSC-specific surface markers 
(CD73, CD105, and CD90) and negative expression for hematopoietic cell marker (CD45), endothelial cell marker (CD34), 
and HLA-DR. The experiment was done in duplicates on three different patient samples. 
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Figure 4. Trilineage differentiation of cervical cancer–associated MSCs (CCa-MSCs). Brightfield microscopic images 
showing the trilineage differentiation of isolated CCa-MSCs as depicted by uptake of (i) Oil red O, (ii) alizarin red S, and 
(iii) alcian blue stain by adipocytes, osteocytes, and chondrocytes, respectively. Scale bar = 100 μm (i), 200 μm (ii), and 400 
μm (iii). Each experiment was done in triplicate on three different patient samples. 
 
 

General notes and troubleshooting 
 
General notes 
 
1. Cervical cancer patients are mostly immunocompromised and are more prone to bacterial or fungal infection of the 
cervical region. Thus, there are increased chances of cervical cancer patient samples being contaminated with bacteria or 
fungi. Therefore, the explants should be washed at least 3 times with PBS before seeding.  
 
Troubleshooting 
 
Problem 1: It may be difficult to remove RBCs from the sample. 
Possible cause: The cervix sample is highly vascularized. 
Solution: Wash the sample at least 3 times with 1× ice-cold PBS. If RBCs persist even after PBS wash, the tissue can be 
treated with ACK lysis buffer for 5–10 min. 
 
Problem 2: Improper acquisition of the cells in the flow cytometer. 
Possible cause: Cells might have formed aggregates in the cell suspension. 
Solution: Resuspend the cells properly to form a single-cell suspension. 
 
Problem 3: Cells may not be stained by Alizarin Red S. 
Possible cause: The pH of the stain is not appropriate. 
Solution: Prepare fresh Alizarin red S staining solution with a pH 4.1–4.3. 
 
Problem 4: Cells may not be stained using the EZ Stain Chondrocyte Staining kit. 
Possible cause: The pH of the stain is not appropriate. 
Solution: Make sure that the chondrocyte staining solution has pH 2.5. 
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