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SUMMARY:  33 
Here methods are presented to understand anti-cancer effects of Lactobacillus cell-free 34 
supernatant (LCFS). Colorectal cancer cell lines show cell deaths when treated with LCFS in 3D 35 
cultures. The process of generating spheroids can be optimized depending on the scaffold and 36 
the analysis methods presented are useful for evaluating the involved signaling pathways. 37 
 38 
ABSTRACT:  39 
This manuscript describes a protocol to evaluate cancer cell deaths in three dimensional (3D) 40 
spheroids of multicellular types of cancer cells using supernatants from Lactobacillus fermentum 41 
cell culture, considered as probiotics cultures. The use of 3D cultures to test Lactobacillus cell-42 
free supernatant (LCFS) are a better option than testing in 2D monolayers, especially as L. 43 
fermentum can produce anti-cancer effects within the gut. L. fermentum supernatant was 44 
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identified to possess increased anti-proliferative effects against several colorectal cancer (CRC) 45 
cells in 3D culture conditions. Interestingly, these effects were strongly related to the culture 46 
model, demonstrating the notable ability of L. fermentum to induce cancer cell death. Stable 47 
spheroids were generated from diverse CRCs (colorectal cancer cells) using the protocol 48 
presented below. This protocol of generating 3D spheroid is time saving and cost effective. This 49 
system was developed to easily investigate the anti-cancer effects of LCFS in multiple types of 50 
CRC spheroids. As expected, CRC spheroids treated with LCFS strongly induced cell death during 51 
the experiment and expressed specific apoptosis molecular markers as analyzed by qRT-PCR, 52 
western blotting, and FACS analysis. Therefore, this method is valuable for exploring cell viability 53 
and evaluating the efficacy of anti-cancer drugs. 54 
 55 
INTRODUCTION:  56 
Probiotics are the most advantageous microorganisms in the gut that improves immune 57 
homeostasis and host energy metabolism1. Probiotics from Lactobacillus and Bifidobacterium are 58 
the most advanced of its kind found in the intestine2,3. Previous investigations have shown that 59 
Lactobacillus has inhibitory and antiproliferative effects on several cancers, including colorectal 60 
cancer4. Moreover, probiotics prevent inflammatory bowel diseases, Crohn’s disease, and 61 
ulcerative colitis5,6. However, most studies with probiotics were performed in two dimensional 62 
(2D) monolayers that are grown on solid surfaces. 63 
 64 
Artificial culture systems lack environmental features, which is not natural for cancer cells. To 65 
overcome this limitation, three dimensional (3D) culture systems have been developed7, 8. Cancer 66 
cells in 3D show improvements in terms of basic biological mechanisms, such as cell viability, 67 
proliferation, morphology, cell-cell communication, drug sensitivity, and in vivo relevance9,10. 68 
Moreover, spheroids are made from multicellular types of colorectal cancer and are dependent 69 
on cell-cell interactions and the extracellular matrix (ECM)11. Our previous study has reported 70 
that probiotic cell-free supernatant (CFS) produced using Lactobacillus fermentum showed anti-71 
cancer effects on 3D cultures of colorectal cancer (CRC) cells12. We proposed that CFS is a suitable 72 
alternative strategy for testing probiotic effects on 3D spheroids12.  73 
 74 
Here, we present an approach that can accommodate multicellular types of 3D colorectal cancer 75 
for the analysis of therapeutic effects of probiotic cell-free supernatant (CFS) on several 3D 76 
colorectal cancer mimicry systems. This method provides a means for the analysis of related 77 
probiotic and anti-cancer effects in vitro. 78 
 79 
PROTOCOL: 80 
 81 
1. Bacterial cell cultures and preparation of Lactobacillus cell-free supernatant (LCFS) 82 
 83 
NOTE: Steps 1.2 – 1.9 are conducted in an anaerobic chamber.  84 
 85 
1.1. Prepare an MRS agar plate and broth containing L-cysteine and sterilize by autoclaving.  86 
 87 
1.2. Pre-incubate the MRS agar plate in H2 anaerobic chamber maintained at 37 ˚C with 20 ppm 88 
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oxygen. 89 
 90 
1.3. Thaw Lactobacillus bacterial stock and inoculate the agar plate with the bacterial culture 91 
(Figure 1A (i)). 92 
 93 
1.5. Incubate bacteria for 2 - 3 days in H2 anaerobic chamber at 37 ˚C and 20 ppm oxygen until 94 
single bacterial colonies are obtained. 95 
 96 
1.6. Wash and dry the Hungate type anerobic culture tube. Autoclave the culture tube at 121 ˚C 97 
for 15 min. 98 
 99 
1.7. Then incubate the tube in H2 anaerobic chamber at 37 ˚C and 20 ppm oxygen to remove 100 
oxygen.  101 
 102 
1.8. Place 2 - 3 mL of MRS broth into the tube. Seal the tube with a butyl rubber stopper and 103 
screw the cap.  104 
 105 
1.9. Obtain a single colony with a loop and place it into the 1.5 mL culture tube with 500 µL of 1x 106 
PBS. (Figure 1A (ii)).  107 
 108 
1.14. Suspend the colony using a 1 mL syringe (Figure 1A (iii)). Do this by, inserting the needle of 109 
the 1 mL syringe in the center of the tube lid, aspirating the suspended colony and then 110 
resuspending it back into the MRS broth media. (Figure 1A (iv)).  111 
 112 
1.15. Incubate the MRS broth media in a shaker incubator for 2 days (37 °C, 5% CO2, 200 rpm). 113 
 114 
1.16. Measure the optical density (OD) using a spectrophotometer to monitor bacterial growth 115 
curves until the absorbance at OD620 reaches to 2.0. 116 
 117 
1.17. Separate the bacterial pellets and the conditioned media by centrifuging at 1,000 x g for 15 118 
min. Wash the collected bacterial pellets with 1x PBS and resuspend in 4 mL of RPMI 1640 119 
supplemented with 10% fetal bovine serum. Do not include any antibiotics in the medium.   120 
 121 
1.18. Maintain the bacterial pellets in RPMI and incubate in a shaker incubator for 4 h at 37 °C 122 
with 5% CO2 at a speed of 100 rpm. 123 
 124 
1.19. For the preparation of the probiotic supernatant, remove the bacterial pellet via 125 
centrifugation at 1000 x g, for 15 min at 4 °C. Sterile-filter the recovered supernatant using a 0.22 126 
μm filter and store at −80 °C until use. 127 
 128 
2. Generation of spheroids 129 
 130 
2.1. Preparing colorectal cancer cell lines  131 
 132 
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2.1.1. Grow DLD-1, HT-29, and WiDr cell lines as monolayers until 70-80% confluency and 133 
incubate the plate at 37 °C in a 5% CO2 incubator (Growth medium: RPMI containing 10% fetal 134 
bovine serum (FBS) and 1% penicillin-streptomycin). 135 
 136 
2.1.2. For cells grown in 100 mm Petri dish, wash the plate twice with 4 mL of 1x PBS. Add 1 mL 137 
of 0.25% trypsin-EDTA and incubate the Petri dish for 2 min at 37 °C in a 5% CO2 incubator to 138 
dissociate the cells.  139 
 140 
2.1.3. After incubation, check for the cell dissociation under a microscope and neutralize trypsin-141 
EDTA with 5 mL of growth medium.  142 
 143 
2.1.4. Transfer the dissociated cells to a 15 mL conical tube and centrifuge for 3 min at 300 x g. 144 
 145 
2.1.5. Discard the supernatant and resuspend gently with 3 mL of growth media. 146 
 147 
2.1.6. Count the cells with trypan blue to determine viable cells using a hemocytometer. (Figure 148 
1B (i)) 149 
 150 
2. Spheroid formation 151 
 152 
2.2.1. In a 15 mL conical tube, dilute the cells from 2.1.5 to obtain 1 - 2 x 105 cells/mL (Figure 1B 153 
(ii)) 154 
 155 
2.2.2. Add final concentration of 0.6% methylcellulose to the cell suspension and transfer the 156 
diluted cells to a sterile reservoir.  157 
 158 
NOTE: For each cell line, the amount of methylcellulose needed should be titrated and 159 
determined accordingly.  160 
 161 
2.2.3. Use a multichannel pipette to dispense 200 µL of cells to each well of an ultra-low 162 
attachment 96-well round bottom microplate. (Figure 1B (iii)) 163 
 164 
2.2.4. Incubate the plate at 37 °C in a 5% CO2 incubator for 24 - 36 h. 165 
 166 
2.2.5. After 24 - 36 h, observe the plate under a light microscope to ensure spheroid formation. 167 
 168 
3. Treating 3D colorectal cancer cells with LCFS 169 
 170 
3.1. Generate spheroids as described in steps 2 and 3.  171 
 172 
3.2. Before performing the LCFS treatment, thaw the frozen LCFS at room temperature (RT) for 173 
10 - 20 min. 174 
 175 
3.3 Inoculate the LCFS stock solution into a growth medium. Serially dilute to 25%, 12.5%, and 176 
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6% in the growth medium (i.e., 25% LCFS = 150 µL of growth medium + 50 µL of LCFS). 177 
 178 
3.4. Take out the cell culture plate containing spheroids from the incubator and remove as much 179 
of the growth medium as possible from each well using a 200 μL pipette. 180 
 181 
3.5. Add the growth media with LCFS on the cells and incubate at 37 °C in a 5% CO2 incubator for 182 
24 - 48 h.  183 
 184 
NOTE: The volume to be used will depend on the plate size as follows: 2 mL for 6-well cell culture 185 
plates; 200 μL for 96-well cell culture plates.  186 
 187 
4. Cell viability for spheroids  188 
 189 
4.1. Prepare 8 - 10 LCFS-treated colorectal cancer spheroids in opaque-walled multi-well plates 190 
(cell viability assays are performed 48 h after LCFS treatment). 191 
 192 
4.2. Thaw the cell viability reagent (see Table of Materials) at 4 °C for overnight. 193 
 194 
4.3. Equilibrate the cell viability reagent to room temperature before use.   195 
 196 
4.4. Before performing the assay, remove 50% of the growth media from the spheroids. 197 
 198 
4.5. Add 100 µL of cell viability reagent to each well.  199 
 200 
NOTE: The volume to be used will depend on the plate size as follows: 100 μL for 96-well cell 201 
culture plates.  202 
 203 
4.5. Mix the reagent vigorously for 5 min to promote cell lysis. 204 
 205 
4.6. Incubate for 30 min – 2 h at 37 °C.   206 
 207 
4.7. Record the luminescence. 208 
 209 
5. Quantitative real-time polymerase chain reaction analysis for spheroids 210 
 211 
5.1. For each condition, prepare 10 - 15 spheroids in a 2 mL tube and centrifuge for 3 min at 400 212 
x g. 213 
 214 
5.2. Discard the supernatant and wash the spheroids twice in 1 mL of ice-cold 1x PBS. 215 
 216 
NOTE: Avoid centrifugation, let the spheroids settle down. 217 
 218 
5.3. Aspirate as much of the 1x PBS as possible and isolate RNA using a commercially available 219 
kit. 220 
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 221 
5.4. Synthesize cDNA from 1 μg of RNA using a commercially available kit as per the 222 
manufacturer’s protocol.  223 
 224 
5.5. Prepare a master mix to run all samples in triplicate (see Table 1 and Table 2).  225 
 226 
5.6. Perform the amplification in a 20 µL of the template master mix into each qPCR plate well. 227 
 228 
5.7. Mix reactions well and spin if necessary. 229 
 230 
5.8. Run samples as per the recommendations of the instrument manufacturer (Table 3). 231 
 232 
6. Western blotting from spheroids 233 
 234 
NOTE: When collecting spheroids, use a 200 μL pipette and cut the end of the tips to avoid 235 
disturbing their structure. 236 
 237 
6.1. For each condition, prepare 30 - 40 spheroids in a 2 mL tube.  238 
 239 
6.2. Place the tube on ice and let the spheroids settle down to the bottom of the 2 mL tube. 240 
 241 
6.3. Discard the supernatant and wash the spheroids twice in 1 mL ice-cold 1x PBS  242 
 243 
NOTE: Avoid centrifugation, let the spheroids settle down. 244 
 245 
6.4. Aspirate as much of the 1x PBS as possible and add RIPA buffer with a protease inhibitor 246 
cocktail (10 spheroids = 30 µL of RIPA buffer). 247 
 248 
6.5. Lyse the cells by pipetting up and down and perform sonication for 30 s with 30 s of resting 249 
on ice for 10 cycles. 250 
 251 
6.6. Centrifuge the protein lysates at 15000 x g for 15 min at 4 °C. 252 
 253 
6.7. Determine the protein concentration for each cell lysate. 254 
 255 
6.8. Before loading, boil each cell lysate in a sample buffer at 100 °C for 10 min.  256 
 257 
6.9. Load equal amounts of protein into the wells of the SDS-PAGE gel and run the gel for 1 - 2 h 258 
at 100 V. 259 
 260 
6.10. Transfer the protein from the gel to the PVDF membrane.  261 
 262 
6.11. After transferring, block the membrane for 1 h at room temperature using a blocking buffer 263 
(5% skim milk + TBS with 0.05% Tween-20). 264 
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 265 
6.12. Incubate the membrane with 1:1,000 dilutions of primary antibody (Table 4) in 1x TBST with 266 
5% BSA buffer at 4 °C overnight. 267 
 268 
6.13. Wash the membrane three times with TBST, 15 min for each wash. 269 
 270 
6.14. Incubate the membrane with 1:2,500 dilutions of secondary antibody in the blocking buffer 271 
at room temperature for 2 h (see Table of Materials). 272 
 273 
6.15. Wash the membrane three times with TBST, 15 min for each wash. 274 
 275 
6.16. Prepare the membrane for HRP detection with a chemiluminescent substrate. 276 
 277 
6.17. Acquire chemiluminescent images. 278 
 279 
7. Propidium Iodide (PI) staining of spheroids 280 
 281 
7.1. Prepare 5-10 spheroids as described in Step 4.1 and place the spheroids in an incubator at 282 
37 °C and 5% CO2. 283 
 284 
7.2. Dilute a 1 mg/mL stock of PI 1:100 in 1x PBS. 285 
 286 
7.3. Remove 50% of the medium from each well of the 96-well plate. 287 
 288 
7.4. Add 100 µL of the PI solution to each well and place the wells in an incubator at 37 °C and 289 
5% CO2 for 10 - 15 min. 290 
 291 
7.5. Wash out the PI solution with 1x PBS. 292 
 293 
7.6. Add 200 µL of growth medium and take an image using a fluorescence microscope. Analyze 294 
the fluorescence intensity using Image J to get the viability count of the spheroid. 295 
 296 
8. FACS analysis of spheroids 297 
 298 
8.1. Generate spheroids as described previously.  299 
 300 
8.2. For each condition, prepare 30 - 40 spheroids in a FACS tube and centrifuge for 3 min at 400 301 
x g and RT. 302 
 303 
8.3. Aspirate the supernatant and wash the spheroids in 3 mL of 1x PBS, then centrifuge at 400 x 304 
g for 3 min at 4 °C. 305 
 306 
8.4. Aspirate the supernatant and add 200 µL of 0.25% Trypsin-EDTA, then incubate at RT for 2 -307 
3 min.  308 
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 309 
NOTE: The incubation time is dependent on the spheroid size and cell type. 310 
 311 
8.5. Add 1 mL of FACS buffer and gently dissociate the spheroids using a 200 μL pipette. 312 
 313 
8.6. Centrifuge the dissociated cells at 400 x g and 4 °C for 3 min.  314 
 315 
NOTE: FACS buffer = 1x PBS + 2.5% FBS, filtered using a 0.22 µm top filter. 316 
 317 
8.7. Discard the supernatant and add 7-AAD/Annexin V reagent (7AAD (5 µL), Annexin V (5 318 
µL)/sample). 319 
 320 
8.8. Gently vortex the cells and incubate for 13 - 30 min at RT in the dark. 321 
 322 
8.9. Add 500 µL of FACS buffer and filter the cells using conical polystyrene test tubes to remove 323 
aggregate cells.   324 
 325 
8.10. Centrifuge at 400 x g and 4 °C for 3 min. 326 
 327 
8.11. Add 500 µL of Annexin V binding buffer to each tube and resuspend. 328 
 329 
8.12. Analyze using a flow cytometer. 330 
 331 
REPRESENTATIVE RESULTS:  332 
We describe the protocol of obtaining spheroids from diverse colorectal cancer cell lines. 333 
Supplementation with methylcellulose was required to generate spheroids. We also present a 334 
method of LCFS preparation and present a model to study the correlation between probiotics 335 
and colorectal cancer. Spheroid formation and LCFS preparation protocols are schematically 336 
illustrated in Figure 1A,B. As shown in Figure 2A, methylcellulose concentration of 0.6% 337 
transforms the cancer cells into compact spheroids. This result indicates that spheroids can be 338 
generated from several types of colorectal cancer by using our methylcellulose protocol. Next, 339 
the spheroids were treated with 25% LCFS and the morphology was studied after 48 h using a 340 
light microscope. As shown in Figure 3A, the spheroids of the groups treated with LCFS exhibited 341 
disrupted surfaces. To investigate the anti-cancer effects of LCFS at suitable concentrations, the 342 
spheroids were treated for 48 h with various dosages of LCFS: 0 (control), 6%, 12.5%, and 25%. 343 
Disruptions in the spheroid morphology were observed in spheroids treated with 25% LCFS, as 344 
shown in Figure 3B. In addition, the spheroids were treated with 25% LCFS for 24 h and 48 h, and 345 
disruptions in spheroid morphology were observed after 48 h of treatment. Microscopic images 346 
of the spheroids are shown in Figure 3C. 347 
 348 
After 48 h, the samples were assessed with cell viability assay, and colorectal cancer cell death 349 
was observed upon treatment with LCF5 in a dose dependent manner, higher the LCF amount 350 
higher the observed cell death (Figure 3D). We, then, stained the samples with propidium iodide 351 
(PI) to observe apoptosis. As expected, the induction of apoptosis was dependent on the LCFS 352 
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dose (Figure 4A,B,C). RT-PCR was performed to detect the changes in molecular markers of 353 
apoptosis i.e., BAX, BAK and NOXA (Figure 5A,B). Lastly, apoptosis markers were studied using 354 
western blotting and Annexin V/7AAD through FACS (Figure 6A,B,C,D). These observations show 355 
that LCFS effectively induced apoptosis in the 3D model.  356 
 357 
FIGURE AND TABLE LEGENDS:  358 
 359 
Figure 1: Schematic representation of spheroid formation and LCFS preparation. (A) Schematic 360 
representation images of the LSFS generation protocol are marked by (i-iv) (B) Schematics of the 361 
methylcellulose-mediated spheroid formation are marked by (i-iii).  362 
 363 
Figure 2: Methylcellulose-mediated spheroid formation. (A) Representative images of 364 
methylcellulose-mediated spheroid formation of HT-29, DLD1, and WiDr. Cells were seeded in 365 
ultra-low attachment 96-well round bottom plates with methylcellulose concentrations of 0.1-366 
1.2% for 48 h. Scale bar 10 μm (n=3 for each experiment). 367 
 368 
Figure 3: Evaluation of LCFS concentration and spheroid morphology. (A) Representative images 369 
of HT-29 treated with LCFS for 48 h. Scale bar 100 μm. (B) HT-29, DLD1, and WiDr spheroids 370 
treated with increasing doses of LCFS for 48 h. All spheroids had disrupted edges at 12.5-25% 371 
LCFS. Scale bar 20 μm (n=3 for each experiment) (C) Spheroid morphologies of HT-29, DLD1, and 372 
WiDr spheroids treated with 25 % LCFS for 24 and 48 h. Scale bar 20 μm (n = 3) (D) Measured cell 373 
viability, shown as mean ± SEM. ***, P < 0.05 (n = 3 for each experiment). 374 
 375 
Figure 4: Propidium iodide staining of the spheroids. Representative images of PI staining in (A) 376 
HT-29, (B) DLD1, and (C) WiDr spheroids after 48 h of LCFS treatment. The images were acquired 377 
using a fluorescence microscope and the increase in PI intensity was measured using Image J. 378 
Scale bar 10 μm. The mean ± SEM is shown. ***, P < 0.05 (n = 3 for each experiment). 379 
 380 
Figure 5: Apoptosis markers were identified using qRT-PCR. Apoptosis markers, such as BAX, 381 
BAK and NOXA, were quantified. mRNA quantification is presented as a relative expression 382 
normalized to (A) β-actin and (B) 18s rRNA. The mean ± SEM is shown. ***, P < 0.05 (n=3 for each 383 
experiment). 384 
 385 
Figure 6: Apoptosis markers were determined via Western blotting and FACS analysis of the 386 
spheroids. Shown in the figure are western blots of (A) HT-29, (B) DLD1, and (C) WiDr cells after 387 
LCFS treatment. PARP1, BCL-XL, and p-IκBα was detected. β-actin was used as an internal control. 388 
(D) FACS analysis of apoptosis in HT-29, DLD1, and WiDr spheroids incubated with LCFS. Apoptotic 389 
cells were detected by the increase in the fluorescence intensity of Annexin V-FITC. 390 
 391 
Table 1: PCR reaction mixture. 392 
 393 
Table 2: Primer sequences used in qRT-PCR analysis.  394 
 395 
Table 3: qRT-PCR conditions 396 
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 397 
Table 4: Antibodies used in western blot analysis.  398 
 399 
DISCUSSION:  400 
The tissue microenvironment, including neighboring cells and the extracellular matrix (ECM), is 401 
fundamental to tissue generation and crucial in the control of cell growth and tissue 402 
development13. However, 2D cultures have several disadvantages, such as the disruption of 403 
cellular interactions, as well as alterations in cell morphology, extracellular environments, and 404 
the approach of division14. 3D cell culture systems have been rigorously studied to better 405 
reproduce in vivo effects, and have been proven as more precise systems for in vitro cancer 406 
testing15,16. There is a need for model systems to more accurately predict personalized responses 407 
to chemotherapeutics17.  408 
 409 
3D scaffolding was developed for tissue engineering. It acts as a surrogate loss of ECM, 410 
representing the available space of tumor cells. In addition, the scaffolding provides physical 411 
interactions for cell adhesion and proliferation and causes cells to form appropriate spatial 412 
distributions and cell-ECM or cell-cell interactions18. The methylcellulose (MC) polymer has been 413 
continuously studied to determine its suitability in generating MC-based hydrogel systems for 414 
applications in 3D cell culture engineering19,20. However, the intact incorporation of these 415 
hydrogels into biomaterials like 3D cell networks remains technically challenging21. Therefore, 416 
the spheroid formation protocol presented here recommends the titration of MC concentrations 417 
and optimization with various time points for each CRC cell line. Cell line-specific characteristics, 418 
such as cell aggregation, viability, and death, can significantly affect each of the conditions we 419 
tested. This method can provide a means of generating uniform spheroids for testing LCSF on 420 
cancer cells. 421 
 422 
Probiotics, which are beneficial bacteria, produce active metabolites that can potentially mimic 423 
anti-cancer effects. Thus, our study was designed to isolate lactic acid bacteria (LAB) and test the 424 
anti-cancer effects of their metabolic extracts from cell-free supernatants (CFS). Our studies 425 
provided a method for observing the effects of L. fermentum cell-free supernatants that induces 426 
apoptotic cell death in colorectal cancer cells in a 3D system. The mRNA levels of apoptosis 427 
markers involved in apoptotic pathways are dramatically induced after LCFS exposure in 3D 428 
conditions. Moreover, decreased levels of PARP1 and BCL-XL were expressed in the LCFS-treated 429 
3D spheroid control compared to the control in Figure 4C,D,E. Inhibition of NF-κB activation was, 430 
also, observed in 3D cultures after treatment with LCSF. Taken altogether, the advantages of 431 
culturing cells in 3D include increasing cell-cell interactions and responses to signaling molecules 432 
to better mimic in vivo systems. Western blotting using spheroids can lead to quantitative 433 
insights into the state of various signaling molecules.  434 
 435 
Cell lines have certain limitations as preclinical models of cancer research. Recently, cancer 436 
organoids have been utilized in the modeling of personalized anti-cancer therapy22,23. The 437 
treatment of LCFS with probiotics in organoids is expected to be used as a powerful platform to 438 
test anti-cancer effects. Moreover, we only tested one of the Lactobacillus species among the 439 
various probiotics in the cancer model. Various probiotics are, also, being tested for the 440 
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prevention of metabolic syndrome, immunological, and neurological disorders24–26. LCFS from 441 
Bifidobacterium, Saccharomyces, Streptococcus, Enterococcus, and Akkermansia species are 442 
potential candidates for the testing of health benefits through various types of disease models27–443 
29. 444 
 445 
Based on this study, it can be concluded that the understanding of signaling in spheroids and the 446 
various responses to LCFS treatment in 3D models may be beneficial for testing anti-cancer 447 
effects using the method that we proposed. Additionally, 3D cancer models can provide several 448 
advantages that are not possible with traditional 2D monolayers. 449 
 450 
ACKNOWLEDGMENTS:  451 
This research was supported by the “Establishment of measurement standards for Chemistry and 452 
Radiation”, grant number KRISS-2020-GP2020-0003, and “Development of Measurement 453 
Standards and Technology for Biomaterials and Medical Convergence”, grant number KRISS-454 
2020-GP2020-0004 programs, funded by the Korea Research Institute of Standards and Science. 455 
This research was also supported by the National Research Foundation of Korea (NRF-456 
2019M3A9F3065868). We thank Chang Woo Park for assistance with experiments. 457 
 458 
DISCLOSURES: 459 
The authors have no relevant financial disclosures. 460 
 461 
REFERENCES: 462 
1. Bron, P.A., Van Baarlen, P., Kleerebezem, M. Emerging molecular insights into the 463 
interaction between probiotics and the host intestinal mucosa. Nature Reviews Microbiology. 464 
10 (1), 66–78 (2012). 465 
2. Ruiz, L., Delgado, S., Ruas-Madiedo, P., Sánchez, B., Margolles, A. Bifidobacteria and 466 
their molecular communication with the immune system. Frontiers in Microbiology. 8 (DEC), 1–467 
9 (2017). 468 
3. Sanders, M. E., Merenstein, D. J., Reid, G., Gibson, G. R., Rastall, R. A. Probiotics and 469 
prebiotics in intestinal health and disease: from biology to the clinic. Nature Reviews 470 
Gastroenterology and Hepatology. 16 (10), 605–616 (2019). 471 
4. Pandey, K. R., Naik, S. R., Vakil, B. V. Probiotics, prebiotics and synbiotics- a review. 472 
Journal of Food Science and Technology. 52 (12), 7577–7587 (2015). 473 
5. Harish, K., Varghese, T. Probiotics in humans–evidence based review. Calicut Medical 474 
Journal. 4 (4), e3 (2006). 475 
6. Routy, B. et al. The gut microbiota influences anticancer immunosurveillance and 476 
general health. Nature Reviews Clinical Oncology. 15 (6), 382–396 (2018). 477 
7. Pampaloni, F., Reynaud, E. G., Stelzer, E. H. K. Most of the cell-based data-harvesting 478 
efforts that drive the integration of cell biology. Nature Reviews Molecular Cell Biology. 8 (10), 479 
839–845 (2007). 480 
8. Shamir, E. R., Ewald, A. J. Three-dimensional organotypic culture: Experimental models 481 
of mammalian biology and disease. Nature Reviews Molecular Cell Biology. 15 (10), 647–664 482 
(2014). 483 
9. Jong, B. K. Three-dimensional tissue culture models in cancer biology. Seminars in 484 



   

Page 11 of 6  revised November 2018 
 

Cancer Biology. 15 (5 SPEC. ISS.), 365–377 (2005). 485 
10. Zanoni, M. et al. 3D tumor spheroid models for in vitro therapeutic screening: a 486 
systematic approach to enhance the biological relevance of data obtained. Scientific Reports. 6, 487 
19103 (2016). 488 
11. Anton, D., Burckel, H., Josset, E., Noel, G. Three-dimensional cell culture: A breakthrough 489 
in vivo. International Journal of Molecular Sciences. 16 (3), 5517–5527 (2015). 490 
12. Lee et al. Characterization of the Anti-Cancer Activity of the Probiotic Bacterium 491 
Lactobacillus fermentum Using 2D vs. 3D Culture in Colorectal Cancer Cells. Biomolecules. 9 492 
(10), 557 (2019). 493 
13. Koledova, Z. 3D cell culture: An introduction. Methods in Molecular Biology. 1612, 494 
(2017). 495 
14. Kapałczyńska, M. et al. 2D and 3D cell cultures – a comparison of different types of 496 
cancer cell cultures. Archives of Medical Science. 14 (4), 910–919 (2018). 497 
15. Langhans, S.A. Three-dimensional in vitro cell culture models in drug discovery and drug 498 
repositioning. Frontiers in Pharmacology. 9, 1–14 (2018). 499 
16. Breslin, S., O’Driscoll, L. Three-dimensional cell culture: The missing link in drug 500 
discovery. Drug Discovery Today. 18 (5–6), 240–249 (2013). 501 
17. Mazzocchi, A. R., Rajan, S. A. P., Votanopoulos, K. I., Hall, A. R., Skardal, A. In vitro 502 
patient-derived 3D mesothelioma tumor organoids facilitate patient-centric therapeutic 503 
screening. Scientific Reports. 8, 2886 (2018). 504 
18. Lv, D., Hu, Z., Lu, L., Lu, H., Xu, X. Three-dimensional cell culture: A powerful tool in 505 
tumor research and drug discovery. Oncology Letters. 14 (6), 6999–7010 (2017). 506 
19. Thirumala, S., Gimble, J., Devireddy, R. Methylcellulose Based Thermally Reversible 507 
Hydrogel System for Tissue Engineering Applications. Cells. 2 (3), 460–475 (2013). 508 
20. Chandrashekran, A. et al. Methylcellulose as a scaffold in the culture of liver-organoids 509 
for the potential of treating acute liver failure. Cell and Gene Therapy Insights. 4 (11), 1087–510 
1103 (2018). 511 
21. Lee, W., Park, J. 3D patterned stem cell differentiation using thermo-responsive 512 
methylcellulose hydrogel molds. Scientific Reports. 6, 1–11 (2016). 513 
22. Fan, H., Demirci, U., Chen, P. Emerging organoid models: Leaping forward in cancer 514 
research. Journal of Hematology and Oncology. 12 (1), 1–10 (2019). 515 
23. Drost, J., Clevers, H. Organoids in cancer research. Nature Reviews Cancer. 18 (7), 407–516 
418 (2018). 517 
24. Liou, C.S. et al. A Metabolic Pathway for Activation of Dietary Glucosinolates by a 518 
Human Gut Symbiont. Cell. 180 (4), 717-728 (2020). 519 
25. Sherwin, E., Bordenstein, S. R., Quinn, J. L., Dinan, T. G., Cryan, J. F. Microbiota and the 520 
social brain. Science. 366 (6465), eaar2016 (2019). 521 
26. Honda, K., Littman, D. R. The microbiota in adaptive immune homeostasis and disease. 522 
Nature. 535 (7610), 75–84 (2016). 523 
27. Bárcena, C. et al. Healthspan and lifespan extension by fecal microbiota transplantation 524 
into progeroid mice. Nature Medicine. 25 (8), 1234–1242 (2019). 525 
28. Michalovich, D. et al. Obesity and disease severity magnify disturbed microbiome-526 
immune interactions in asthma patients. Nature Communications. 10, 5711 (2019). 527 
29. Ansaldo, E. et al. Akkermansia muciniphila induces intestinal adaptive immune 528 



   

Page 12 of 6  revised November 2018 
 

responses during homeostasis. Science. 364 (6446), 1179–1184 (2019). 529 
 530 



Figure 1 Click here to access/download;Figure;Figure 1.tif

https://www.editorialmanager.com/jove/download.aspx?id=1189605&guid=cfdc01d4-4d78-451d-9478-fc6936ea537a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1189605&guid=cfdc01d4-4d78-451d-9478-fc6936ea537a&scheme=1


Figure 2 Click here to access/download;Figure;Figure 2.tif

https://www.editorialmanager.com/jove/download.aspx?id=1189606&guid=d0531b47-8263-46eb-8e6d-91af853cc311&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1189606&guid=d0531b47-8263-46eb-8e6d-91af853cc311&scheme=1


Figure 3 Click here to access/download;Figure;Figure 3.tif

https://www.editorialmanager.com/jove/download.aspx?id=1189607&guid=30f266b5-c3b3-46b2-990d-69d7d59253f5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1189607&guid=30f266b5-c3b3-46b2-990d-69d7d59253f5&scheme=1


Figure 4 Click here to access/download;Figure;Figure 4.tif

https://www.editorialmanager.com/jove/download.aspx?id=1189608&guid=063bf4fa-4c3a-4335-a963-70fc3363166b&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1189608&guid=063bf4fa-4c3a-4335-a963-70fc3363166b&scheme=1


Figure 5 Click here to access/download;Figure;Figure 5.tif

https://www.editorialmanager.com/jove/download.aspx?id=1189609&guid=7626a607-65b7-4178-83d1-7cd769981fde&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1189609&guid=7626a607-65b7-4178-83d1-7cd769981fde&scheme=1


Figure 6 Click here to access/download;Figure;Figure 6.tif

https://www.editorialmanager.com/jove/download.aspx?id=1189610&guid=b752d41c-5d87-450d-9436-f6422500948a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1189610&guid=b752d41c-5d87-450d-9436-f6422500948a&scheme=1


Reaction Volume per single 20 μL

2X qPCR mix 10 μL

Forward primer (10 pmols/µl)1 μL

Reverse primer (10 pmols/µl)1 μL

cDNA (50 ng/µl) 1 μL

PCR grade water 7 μL
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Primer Sequence

BAX-Forward CCCGAGAGGTCTTTTTCCGAG

BAX-Reverse CCAGCCCATGATGGTTCTGAT

BAK-Forward ATGGTCACCTTACCTCTGCAA

BAK-Reverse TCATAGCGTCGGTTGATGTCG

NOXA-Forward ACCAAGCCGGATTTGCGATT

NOXA-Reverse ACTTGCACTTGTTCCTCGTGG

18s rRNA-Forward GATGGGCGGCGGAAAATAG

18s rRNA-Reverse  GCGTGGATTCTGCATAATGGT

β-Actin-Forward TCCTGTGGCATCCACGAAACT

β-Actin-Reverse GAAGCATTTGCGGTGGACGAT
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Stage Temp (ºC) Time 

Initial denaturation 95 10 min

Step 1 95 15 sec

Step 2 60 60 sec

95 15 sec

60 60 sec

95 15 sec

40 cycles:

Melting curve stage
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Antibody Dilution

PARP 1 (C2-10) 1:1000

BclxL (H-5) 1:1000

p-IκBα (B-9) 1:1000

β-actin (C4) 1:1000

Goat Anti-Mouse IgG (H+L) 1:2500

Goat Anti-Rabbit IgG (H+L) 1:2500
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Name of kits/Solution
 

10% Mini-PROTEAN TGX Precast Protein Gels, 15-well, 15 µl

 Applied Biosystems MicroAmp Optical Adhesive Film

10x transfer buffer

10X Tris-Glycine (W/SDS)

BD Difco Bacto Agar

BD Difco Lactobacilli MRS Broth

CellTiter-Glo 3D Cell viability assay

cOmplete Protease Inhibitor Cocktail

Corning Phosphate-Buffered Saline, 1X without calcium and magnesium, PH 7.4 ± 0.1

EMD Millipore Immobilon-P PVDF Transfer Membranes

Falcon 5 mL Round Bottom Polystyrene Test Tube, with Cell Strainer Snap Cap

Fetal Bovine Serum, certified, US origin

iScript cDNA Synthesis Kit, 25 x 20 µl rxns #1708890

iTaq Universal SYBR Green Supermix

Lactobacillus fermentum

L-Cysteine hydrochloride monohydrate

Methyl Cellulose (3500-5600mPa·s, 2% in Water at 20°C)

MicroAmp Fast Optical 96-Well Reaction Plate with Barcode, 0.1 mL

Millex-GS Syringe Filter Unit, 0.22 µm, mixed cellulose esters, 33 mm, ethylene oxide sterilized

PE Annexin V Apoptosis Detection Kit with 7-AAD

Penicillin-Streptomycin (10,000 U/mL)

Propidium Iodide

RIPA Lysis and Extraction Buffer

RNeasy Mini Kit (250)

RPMI-1640

Trypsin-EDTA (0.25%), phenol red

Name of Materials/Equipment/Software
anti - p-IκBα (B-9)

anti-BclxL (H-5)

anti-PARP 1 (C2-10)

anti-β-actin (C4)

BD FACSVerse

Synergy HTX Multi-Mode Microplate Reader

CO2 incubator

Conical tube 15 ml

Conical tube 50 ml

Corning Costar Ultra-Low Attachment Multiple Well Plate

Corning Costar Ultra-Low Attachment Multiple Well Plate

Costar 50 mL Reagent Reservoirs, 5/Bag, Sterile

Countess Cell Counting Chamber Slides

Countess II FL Automated Cell Counter

EnSpire Multimode Reader

Table of Materials Click here to access/download;Table of Materials;Table of Materials.xlsx
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Eppendorf Research Plus Multi Channel Pipette, 8-channel

FlowJo software

Goat Anti-Mouse IgG (H+L)

Goat Anti-Rabbit IgG (H+L)

GraphPad Prism 5

ImageJ 

ImageQuant LAS 4000 mini

Incubated shaker

Multi Gauge Ver. 3.0, 

Optical density (OD)LAMBDA UV/Vis Spectrophotometers 

Phase-contrast microscope

SPL microcentrifuge tube 1.5mL

SPL Multi Channel Reservoirs, 12-Chs, PS, Sterile

StepOnePlus Real-Time PCR system

Vibra-Cell Ultrasonic Liquid Processors

Vinyl Anaerobic Chamber
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10% Mini-PROTEAN TGX Precast Protein Gels, 15-well, 15 µl

 Applied Biosystems MicroAmp Optical Adhesive Film

10x transfer buffer

10X Tris-Glycine (W/SDS)
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BD Difco Bacto Agar
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CellTiter-Glo 3D Cell viability assay

cOmplete Protease Inhibitor Cocktail

Corning Phosphate-Buffered Saline, 1X without calcium and magnesium, PH 7.4 ± 0.1

EMD Millipore Immobilon-P PVDF Transfer Membranes

Falcon 5 mL Round Bottom Polystyrene Test Tube, with Cell Strainer Snap Cap

Fetal Bovine Serum, certified, US origin

iScript cDNA Synthesis Kit, 25 x 20 µl rxns #1708890

iTaq Universal SYBR Green Supermix

Lactobacillus fermentum

L-Cysteine hydrochloride monohydrate

Methyl Cellulose (3500-5600mPa·s, 2% in Water at 20°C)

MicroAmp Fast Optical 96-Well Reaction Plate with Barcode, 0.1 mL

Millex-GS Syringe Filter Unit, 0.22 µm, mixed cellulose esters, 33 mm, ethylene oxide sterilized

PE Annexin V Apoptosis Detection Kit with 7-AAD

Penicillin-Streptomycin (10,000 U/mL)

Propidium Iodide

RIPA Lysis and Extraction Buffer

RNeasy Mini Kit (250)

RPMI-1640

Trypsin-EDTA (0.25%), phenol red

Name of Materials/Equipment/Software
anti - p-IκBα (B-9)

anti-BclxL (H-5)

anti-PARP 1 (C2-10)

anti-β-actin (C4)

BD FACSVerse

Synergy HTX Multi-Mode Microplate Reader

CO2 incubator

Conical tube 15 ml

Conical tube 50 ml

Corning Costar Ultra-Low Attachment Multiple Well Plate

Corning Costar Ultra-Low Attachment Multiple Well Plate

Costar 50 mL Reagent Reservoirs, 5/Bag, Sterile

Countess Cell Counting Chamber Slides

Countess II FL Automated Cell Counter

EnSpire Multimode Reader
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Goat Anti-Mouse IgG (H+L)
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ImageJ 

ImageQuant LAS 4000 mini

Incubated shaker

Multi Gauge Ver. 3.0, 

Optical density (OD)LAMBDA UV/Vis Spectrophotometers 

Phase-contrast microscope
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Company Catalog Number

Biorad 4561036

Thermo Fisher Scientific 4311971

Intron IBS-BT031A 

Intron IBS-BT014

Corning SCT-200-C

BD 214010

BD DF0881-17-5

Promega G9681

Sigma-Aldrich 11697498001

Corning  21-040-CV

fisher Scientific IPVH00010

Corning 352235

Thermo Fisher Scientific 16000044

Biorad 1708890

Biorad 1725121

Korean Collection for Type Cultures KCTC 3112

Sigma-Aldrich C6852-25G

TCI M0185

Applied Biosystems 4346906

Millipore SLGS033SB

Biolegend 640934

Thermo Fisher Scientific 15140122

Introgen P1304MP

Thermo Fisher Scientific 89901

Qiagen 74106

Gibco  11875-119

Thermo Fisher Scientific 25200056

Company Catalog Number
Santa cruze sc-8404

Santa cruze sc-8392

Santa cruze sc-53643

Santa cruze sc-47778

BD Biosciences

BioT S1LFA

Thermo fisher HERAcell 150i

SPL 50015

SPL 50050

Sigma-Aldrich CLS7007

Sigma-Aldrich CLS3471

Costar 4870

Thermofisher C10228

invitrogen AMQAF1000

Perkin Elmer



Eppendorf 3122000051

TreeStar

Jackson immunoresearch 115-035-062

Jackson immunoresearch 111-035-144

GraphPad Software

 NIH

Fujifilm

Lab companion SIF-6000R

Fujifilm

Perkin Elmer

Olympus

SPL 60015

SPL 21012

Thermo Fisher Scientific

SONICS-vibra cell VC 505

COY LAB PRODUCTS



Comments/Description

Pkg of 10

100 covers
1 L

1 L

500 Tubes/Pack, 10 Packs/Case

500 g

500 g

100μl/assay in 96-well plates

vial of 20 tablets

500 mL

26.5cm x 3.75m roll; Pore Size: 0.45um

25/Pack, 500/Case

500 mL

25 x 20 µL rxns
5 x 1 mL

25 g

500 g

20 plates
250

100 tests

100 mL

100 mg

250 mL
250

500 mL

100 mL

Comments/Description
200 µg/mL

200 µg/mL

50 µl ascites

200 µg/mL

San Diego, CA, USA

Enspire 2300



Ashland, OR, USA

1.5 mL

2.0 mL

Inc., San Diego, CA, USA

Tokyo, Japan

Tokyo, Japan

Waltham, MA, USA

Tokyo, Japan

Waltham, MA, USA

500 Watt ultrasonic processor
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We thank the Reviewers for their thoughtful comments. We tried to address the comments with 

additional experimental data and our manuscript underwent extensive English editing. We 

sincerely hope that the revisions will render this manuscript suitable for publication in Journal 

of Visualized Experiments. 

 

Response to Editorial Comments 

We are profoundly grateful for your valuable comments on our manuscript. 

 

 

Editorial comments: 
 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 

no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any 

errors in the submitted revision may be present in the published version. 

Our manuscript underwent extensive English editing by English editing service during revision 

for checking grammar, spelling and some improvement of style. We appreciate the kind 

comments made by the editor. 

 

2. Please revise lines 259-261, 265-267, and 286-287 to avoid textual overlap with previously 

published work. 

 

We corrected the sentence in the manuscript according to your kind comments 

 

Lines 291-293: However, 2D cultures have several disadvantages, such as the disruption of 

cellular interactions as well as alterations in cell morphology, extracellular environments, and 

the approach of division. 

 

Lines 293-300: 3D scaffolding was developed for tissue engineering. It acts as a surrogate loss 

of ECM, representing the available space of tumor cells. In addition, the scaffolding provides 

physical interactions for cell adhesion and proliferation and causes cells to form appropriate 

spatial distributions and cell-ECM or cell-cell interactions. 

 

Lines 319-320: Western blotting using spheroids can lead to quantitative insights into 

the state of various signaling molecules.  
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3. Keywords: Please provide at least 6 keywords or phrases. 

 

We added the keywords in the manuscript according to your kindly comments.  

 

Keywords: Probiotics, Lactobacillus fermentum, Colorectal cancer, Spheroid, 3D culture, Cell-

free supernatant (CFS)  

 

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. 

Please remove all commercial language from your manuscript and use generic terms instead. 

All commercial products should be sufficiently referenced in the Table of Materials. You may 

use the generic term followed by “(Table of Materials)” to draw the readers’ attention to 

specific commercial names. Examples of commercial sounding language in your manuscript 

are: Perkin Elmer, LAMBDA, falcon, CellTiter 96 Aqueous, EnSpire, iTaq™ Universal 

SYBR®, StepOnePlus, etc. 

 

We removed all commercial language from our manuscript according to your comments. 

 

5. Please add more details to your protocol steps. There should be enough detail in each step to 

supplement the actions seen in the video so that viewers can easily replicate the protocol. Please 

ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add 

references to published material specifying how to perform the protocol action. See examples 

below. 

 

We have now added more details to our protocol steps based on your kind comments and 

suggestions. 

 

6. 1.2, 1.5: Please specify the incubation temperature. 

 

- 1.2: “Pre-incubate the MRS agar plate in an anaerobic chamber at 20 ppm Oxygen, H2.” has 

been changed to “Pre-incubate the MRS agar plate in a H2 anaerobic chamber at 37 ℃ and 20 

ppm oxygen.” 

- 1.5: “Incubate the bacteria for 4-6 days in an anaerobic chamber and passage every 2 days 

until single bacteria colonies are obtained.” has been changed to “Incubate the bacteria for 2-3 

days in a H2 anaerobic chamber at 37 ℃ and 20 ppm oxygen and passage every 2 days until 

single bacteria colonies are obtained.”  

 

7. 1.5: Is the chamber the same as that used in step 1.4? 

 

We used the same anaerobic chamber as described in 1.4. In addition, we have been changed 

the sentence as “Incubate the bacteria for 2-3 days in a H2 anaerobic chamber at 37 ℃ and 20 

ppm oxygen and passage every 2 days until single bacteria colonies are obtained.”  

  

 

 

8. 1.6: Please describe how to sterilize the tube. 

 

Thank you for the valuable comments. As suggested, we added more detailed information. 

 



Additions 

 

1.6. Wash and dry the hungate tube 

1.7. Incubate the hungate tube in a H2 anaerobic chamber at 37 ℃ and 20 ppm oxygen to exclude 

oxygen  

1.8. Place 2-3 mL of MRS broth into the tube 

1.9. Seal the tube with a buthyl rubber stopper and screw the cap 

1.10. Autoclave the hungate tube at 121 ℃ for 15 min. 

1.11. After autoclaving, incubate the hungate tube in a H2 anaerobic chamber at 37 ℃ and 20 

ppm oxygen 

 

9. 1.11: What volume of RPMI 1640 is used to resuspend the pellet? 

 

1.17: Separate the bacterial pellets and the conditioned media using a centrifuge for 15 min at 

1000 x g. Wash the collected bacterial pellets (with PBS) and resuspend in 4 mL RPMI 1640 

containing 10 % fetal bovine serum without antibiotics.  

 

10. 3.4: Each well of what? Please specify. 

 

- 3.4: “Remove as much of the growth medium as possible from each well using a 200p pipette.” 

has been changed to “Remove as much of the growth medium as possible from each of the 

wells containing the spheroids using a 200 μL pipette.” 

 

11. 5.4-5.6: Please provide more details here. For PCR, please specify primers and 

conditions used. 

 

Thank you for the valuable comments. As suggested, we added more detailed information 

 

5. Quantitative real-time polymerase chain reaction analysis for spheroids. 

 

5.1. For each condition, prepare 10-15 spheroids in a 2 mL tube and centrifuge for 3 min at 400 

x g 

5.2. Discard the supernatant and wash the spheroids twice in 1 mL of ice-cold 1X PBS (note: 

avoid centrifugation, let the spheroids settle down). 

5.3. Aspirate as much of the 1X PBS as possible and isolated the RNA  

5.4. Synthesize cDNA from 1 μg of RNA 

5.5. Prepare a master mix to run all samples in triplicate (refer to the Table of Materials) 

5.6. Perform the cDNA synthesis by placing 20 µL of the template master mix into each qPCR 

plate well. 

5.7. Mix reactions well and spin if necessary. 

5.8. Run samples as per the recommendations of the instrument manufacturer. 

 

 

 

 

 

 

 



Table 1. PCR reaction mixture

 
 

 

Table 2. Primer sequences used in qRT-PCR analysis.  

 
 

 

Table 3. qRT-PCR conditions  

 
 

12. 2.1.4, 5.1, 6.1, 6.6, 8.6, 8.10, etc.: Please list all centrifugation speeds in terms of 

centrifugal g-force (x g) instead of rpm. 

 

We have all changed as recommended centrifugation speed in terms of centrifugal force g- (x 

g). 

 

-2.1.4: Transfer the dissociated cells to a 15 mL conical tube and centrifuge for 3 min at 300 x 

g. 

-5.1: For each condition, prepare 10-15 spheroids in a 2 mL tube and centrifuge for 3 min at 

400 x g. 

-6.1: For each condition, prepare 30-40 spheroids in a 2 mL tube. 

-6.6: Centrifuge the protein lysates for 15 min at 15000 x g and 4 °C. 

-8.2 : For each condition, prepare 30-40 spheroids in a FACS tube and centrifuge for 3 min at 

Reactions Volume per single 20 μL

2X qPCR mix 10 μL

Forward primer (10 pmols/µl) 1 μL

Reverse primer (10 pmols/µl) 1 μL

cDNA (50 ng/µl) 1 μL

PCR grade water 7 μL

Primer Primer sequences ( 5' -> 3' )

BAX-Forward CCCGAGAGGTCTTTTTCCGAG

BAX-Reverse CCAGCCCATGATGGTTCTGAT

BAK-Forward ATGGTCACCTTACCTCTGCAA

BAK-Reverse TCATAGCGTCGGTTGATGTCG

NOXA-Forward ACCAAGCCGGATTTGCGATT

NOXA-Reverse ACTTGCACTTGTTCCTCGTGG

18s rRNA-Forward GATGGGCGGCGGAAAATAG

18s rRNA-Reverse GCGTGGATTCTGCATAATGGT

β-Actin-Forward TCCTGTGGCATCCACGAAACT

β-Actin-Reverse GAAGCATTTGCGGTGGACGAT

Stage Temp (ºC) Time

Initial denaturation 95 10 min

Step 1 95 15 sec

Step 2 60 60 sec

95 15 sec

60 60 sec

95 15 sec

40 cycles:

Melting curve stage



400 x g and RT. 

- 8.6: Centrifuge the dissociated cells at 400 x g and 4 °C for 3 minutes (note: FACS buffer = 

1X PBS + 2.5% FBS, filtered using a 0.22um top filter). 
-8.10: Centrifuge the dissociated cells at 400 x g for 3 min  

 

13. After you have made all the recommended changes to your protocol section (listed above), 

please highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text (including 

headers and spacing) to be featured in the video. Bear in mind the goal of the protocol and 

highlight the critical steps to be filmed. Our scriptwriters will derive the video script directly 

from the highlighted text. 

 

We are grateful for your comments. As suggested, we highlighted the protocol text to be 

featured in the video in yellow. 

 

 

14. Please upload each Figure individually to your Editorial Manager account as 

a .png, .tiff, .pdf, .svg, .eps, .psd, or .ai file. 

 

We are grateful for your comments. As suggested, we uploaded each Figure individually as .tiff 

files. 

 

15. Figures: Please include a space between all numbers and the corresponding unit: 20 

ppm, 37 °C, 24 h, etc. 

 

We thank the reviewer for their helpful comment. As suggested, we included a space between 

all numbers and the corresponding unit. 

 

16. Figure 4: Please submit multipanel figures (A, B, C, etc.) as a single image file that 

contains the entire figure. 

 

We are grateful for your comments. As suggested, we submitted a single image file 

 

 

17. Table of Materials: Please remove any ™/®/© symbols. Please sort the materials 

alphabetically by material name. 

 

We are grateful for your comments. As suggested, we removed symbols from the table. 

 

 

Response to Reviewer 1 Comments 

We are profoundly grateful for your valuable comments on our manuscript. 

Reviewer #1: 

Manuscript Summary: 

Anew approach to cancer cell and probiotic bacteria association in 3D models, Good working 

 



Major Concerns: 

N/A 

Minor Concerns: 

Maybe it can be tried a bifidobacterium culture models next time 

 

Thank you for the valuable comments. As you recommended, we will develop a bifidobacterum 

culture model for the next study. 

 

 

Response to Reviewer 2 Comments 

We are profoundly grateful for your valuable comments on our manuscript. 

 

Reviewer #2: 

Manuscript Summary: 

ABSTRACT 

L 36-37 "The use of Lactobacillus cell-free supernatant (LCFS) could potentially be a better 

option", …The sentence needs to be rephrased as it is missing the meaning…..LCFS IS A 

BETTER OPTION THAN WHAT? 

 

We corrected the sentence in the manuscript according to your kind comments 

 

Lines 37-39: The use of Lactobacillus cell-free supernatant (LCFS) in spheroids could 

potentially be a better option than testing in 2D monolayers, especially as L. fermentum is able 

to produce anti-cancer effects within the gut.  

 

L 43 it is not clear what abbreviation CLC stands for 

 

We truly apologize for using incorrect abbreviation. We have corrected our English la

nguage errors based on your kind comments and suggestion 

-Lines 43: “CLCs” has been changed to “CRCs (colorectal cancer cells).” 

 

PROTOCOL 

L 78 misspelled word "Lactobacillus" 

 

We truly apologize for using incorrect wording. We have corrected our English langua

ge errors based on your kind comments and suggestion 

-Lines 7: “Lactibacillus” has been changed to “Lactobacillus” 

 

L 79 the growing condition is not clear: it should be overnight or for 2 days? 

Why is so important to have 20ppm O2, H2? Lactobacillus strains don't need strict 

anaerobic conditions. They will grow in CO2 incubator and there is no need to pre-incubate 

MRS plate in anaerobic chamber. 

 



We sincerely appreciate the reviewer’s thoughtful comments. As the reviewer pointed out, 

Lactobacillus strains are facultative anaerobic bacteria that do not require strict anaerobic 

conditions. Oxygen concentrations in the lumen of the human intestine are known to affect the 

spatial distribution and metabolism of gut flora [1]. Most intestinal bacteria are obligate 

anaerobes, many of which fail to grow at oxygen concentrations greater than ~0.5% [2]. Lactic 

acid bacteria (LAB) are anaerobic, aerotolerant (not aerophilic) microorganisms that lack the 

capability to synthesize active electron transport chains [3]. Therefore, a more in vivo-like 

intestinal tissue microenvironment including anaerobes significantly influences the 

composition of microbial metabolism [4]. Interestingly, lactic acid bacteria are generally used 

in the food industry for anaerobic fermentation to produce anaerobic metabolite [5,6]. In 

summary, we used anaerobic conditions when growing Lactobacillus to mimic in the vivo-like 

microenvironment. 

 

 
1.  Flint, H.J.; Scott, K.P.; Louis, P.; Duncan, S.H. The role of the gut microbiota in nutrition and 

health. Nat. Rev. Gastroenterol. Hepatol. 2012, 9, 577–589. 

2.  Jalili-Firoozinezhad, S.; Gazzaniga, F.S.; Calamari, E.L.; Camacho, D.M.; Fadel, C.W.; Bein, 

A.; Swenor, B.; Nestor, B.; Cronce, M.J.; Tovaglieri, A.; et al. A complex human gut microbiome 

cultured in an anaerobic intestine-on-a-chip. Nat. Biomed. Eng. 2019, 3, 520–531. 

3.  Maresca, D.; Zotta, T.; Mauriello, G. Adaptation to aerobic environment of Lactobacillus 

johnsonii/gasseri strains. Front. Microbiol. 2018, 9, 1–11. 

4.  Costa, J.; Ahluwalia, A. Advances and Current Challenges in Intestinal in vitro Model 

Engineering: A Digest. Front. Bioeng. Biotechnol. 2019, 7, 1–14. 

5.  Ricciardi, A.; Zotta, T.; Ianniello, R.G.; Boscaino, F.; Matera, A.; Parente, E. Effect of 

respiratory growth on the metabolite production and stress robustness of lactobacillus casei N87 

cultivated in cheese whey permeate medium. Front. Microbiol. 2019, 10, 1–14. 

6.  Hao, T.; Xie, Z.; Wang, M.; Liu, L.; Zhang, Y.; Wang, W.; Zhang, Z.; Zhao, X.; Li, P.; Guo, 

Z.; et al. An anaerobic bacterium host system for heterologous expression of natural product 

biosynthetic gene clusters. Nat. Commun. 2019, 10, 1–13. 

 

L81 now it is even more confusing. In line 79 we should incubate for 2 days, in next step 

author suggests incubation for another 4-6 days? Why? To obtain single colonies there is 

no need to passage bacteria for almost 6 days, but using streaking microbiological 

technique it can be obtain even after first incubation period. 

 

We truly apologize for using an inconsistent sentence that could confuse respectful readers. We 

have corrected the sentence as follows. 

 

Lines 82: “Incubate the bacteria for 4-6 days in an anaerobic chamber and passage every 2 days 

until single bacteria colonies are obtained.” has been changed to “Incubate the bacteria for 2-3 

days in a H2 anaerobic chamber at 37 ℃ and 20 ppm oxygen and passage every 2 days until 

single bacteria colonies are obtained.”   

 

L88 I would suggest placing the bacteria to CO2 incubator. 

 

We sincerely appreciate the reviewer’s thoughtful comments.  

-Lines 97: “ Incubate the MRS broth media in a shaker incubator for 2 days (37°C, 200rpm)” 

has been changed to “Incubate the MRS broth media in a shaker incubator for 2 days (37 °C, 

5 % CO2, 200 rpm)” 

 



L89-91 measurement of OD is not clear, author suggest monitoring bacterial growth curves 

AFTER incubation? 

 

We sincerely appreciate the reviewer’s thoughtful comments. We suggest monitoring bacterial 

growth curves before and after incubation to obtain a consistent amount of LCFS. 

 

L103 missing information about cultivating temperature (presence /absence CO2) 

 

Thank you for the valuable comments.  

 

-Lines 111: “ Grow DLD-1, HT-29, and WiDr cell lines as monolayers until 70-80 % 

confluency RPMI containing 10 % fetal bovine serum (FBS) and 1 % penicillin-streptomycin.” 

has been changed to “Grow DLD-1, HT-29, and WiDr cell lines as monolayers until 70-80 % 

confluency and incubate the plate at 37 °C in a 5 % CO2 incubator (growth medium: RPMI 

containing 10 % fetal bovine serum (FBS) and 1 % penicillin-streptomycin).” 

  

L110 the sentence needs to be rephrased PLACE THE TUBE WHERE? 

We truly apologize for using an inconsistent sentence that could confuse respectful readers.  

- Lines 119: “ Place the 15 ml conical tube containing the dissociated cells and centrifuge for 

3 min at 1200 rpm. “ has been changed to “ Transfer the dissociated cells to a 15 mL conical 

tube and centrifuge for 3 min at 300 x g.” 

 

L117 wrong sentence from gramma point of view 

We truly apologize for using the incorrect sentence.  

 

Lines 125: Dilute the cells in a 15 mL conical tube to obtain 1-2 x 105 /mL. 

 

L118-120 the procedure is not clear at all. Do we need to determine methylcellulose density? 

Methylcellulose must be 0,2 % in each well? I don't understand this step. Please make it more 

clear. 

 

Thank you for your comments. We apologize for using incorrect methylcellulose concentration. 

We have corrected the sentence. 

. 

Lines 126: “Add 0.2 % methylcellulose and transfer the diluted cells to a sterile reservoir. Use 

a multichannel pipette to dispense 200 µl/well into an ultra-low attachment 96-well round 

bottom microplate. (Each cell line and methylcellulose density should be determined. (Figure 

1B (iii))” has been changed to “Add final concentration of 0.6 % methylcellulose and transfer 

the diluted cells to a sterile reservoir. Use a multichannel pipette to dispense 200 µL/well into 

an ultra-low attachment 96-well round bottom microplate. Each cell line and methylcellulose 

density should be determined (Figure 1B (iii))” 

 

 

L130 /L194 200p pipette - what is „p"? 

 

We truly apologize for using incorrect abbreviation. We have corrected our English la

nguage errors based on your kind comments and suggestion 

- Lines 138: “Remove as much of the growth medium as possible from each well using a 200p 

pipette.” has been changed to “ Remove as much of the growth medium as possible from each 



well using a 200 μL pipette.” 

- Lines 139: “Add 1 ml of FACS buffer and gently dissociate the spheroids using a 200p pipette.” 

has been changed to “ Add 1 mL of FACS buffer and gently dissociate the spheroids using a 

200 μL pipette.” 

 

L131 no information about volume of added growth media with LCFS / need more detailed 

specification. It is also not clear how long was the incubation time for different analyses. 

 

Thank you for the valuable comments. As suggested, we added more detailed information. 

 

Additions 

 

-Lines 139: “ Add the growth media with LCFS and incubate at 37 °C in a 5 % CO2 incubator 

for 24-48 h. NOTE: The volume to be used will depend on the plate size as follows: 2 mL for 

6-well cell culture plates; 200 μL for 96-well cell culture plates.  

 

L135 incubation time in step 3.5 is stated 24-48h. Here we should perform viability assay 

after 24-72h (?) Please clarify this. 

 

Thank you for your comments. We apologize for using the incorrect incubation time for the 

experiments. To investigate whether the cells underwent apoptosis, LCFS-treated cells and 

untreated cells were incubated at 37 °C for 48 hours before a significant portion of the cell 

populations died. 

 

Correction 

 

-Lines 143: “Prepare 8-10 LCFS-treated colorectal cancer spheroids in an ultra-low attachment 

96-well round bottom microplate (cell viability assays are performed 24-72 hours after LCFS 

treatment)” has been changed to “Prepare 8-10 LCFS-treated colorectal cancer spheroids in an 

ultra-low attachment 96-well round bottom microplate (cell viability assays are performed 48 

hours after LCFS treatment)” 

 

L153 What was measured by RT-qPCR - not stated 

 

Thank you for the valuable comments. We measured BAX, BAK and NOXA. To clarify, we 

added more detailed information 

 

 

5. Quantitative real-time polymerase chain reaction analysis for spheroids. 

 

5.1. For each condition, prepare 10-15 spheroids in a 2 mL tube and centrifuge for 3 min at 400 

x g 

5.2. Discard the supernatant and wash the spheroids twice in 1 mL of ice-cold 1X PBS (note: 

avoid centrifugation, let the spheroids settle down). 

5.3. Aspirate as much of the 1X PBS as possible and isolated the RNA  

5.4. Synthesize cDNA from 1 μg of RNA 

5.5. Prepare a master mix to run all samples in triplicate (refer to the Table) 

5.6. Perform the cDNA synthesis as a 20 µL of the template master mix into each qPCR plate 



well. 

5.7. Mix reactions well and spin if necessary. 

5.8. Run samples as per the recommendations of the instrument manufacturer. 

 

 

Table 1. PCR reaction mixture

 
 

 

Table 2. Primer sequences used in qRT-PCR analysis.  

 
 

 

Table 3. qRT-PCR conditions  

 
 

 

 

L161 missing the information about time of incubation on ice. However, spheroids are after 

centrifugation, aren't they settled down? What is the point of this step? 

 

We truly apologize for using an incorrect sentence. We have corrected the sentence. 

 

Correction 

Reactions Volume per single 20 μL

2X qPCR mix 10 μL

Forward primer (10 pmols/µl) 1 μL

Reverse primer (10 pmols/µl) 1 μL

cDNA (50 ng/µl) 1 μL

PCR grade water 7 μL

Primer Primer sequences ( 5' -> 3' )

BAX-Forward CCCGAGAGGTCTTTTTCCGAG

BAX-Reverse CCAGCCCATGATGGTTCTGAT

BAK-Forward ATGGTCACCTTACCTCTGCAA

BAK-Reverse TCATAGCGTCGGTTGATGTCG

NOXA-Forward ACCAAGCCGGATTTGCGATT

NOXA-Reverse ACTTGCACTTGTTCCTCGTGG

18s rRNA-Forward GATGGGCGGCGGAAAATAG

18s rRNA-Reverse GCGTGGATTCTGCATAATGGT

β-Actin-Forward TCCTGTGGCATCCACGAAACT

β-Actin-Reverse GAAGCATTTGCGGTGGACGAT

Stage Temp (ºC) Time

Initial denaturation 95 10 min

Step 1 95 15 sec

Step 2 60 60 sec

95 15 sec

60 60 sec

95 15 sec

40 cycles:

Melting curve stage



 

-Lines 167-168 

6.1. For each condition, prepare 30-40 spheroids in a 2 mL tube. 

6.2. Place the tube on ice and let the spheroids settle down to the bottom of the 2 mL tube. 

 

L168 Is the centrifugation step final step in Western blotting procedure? 

 

Thank you for your comments. More detailed method was described as bellow; 

 

Addition 

 

-6.7. Determine the protein concentration for each cell lysate 

-6.8. Boil each cell lysate in the sample buffer at 100 °C for 10 min.  

-6.9. Load equal amounts of protein into the wells of the SDS-PAGE gel and run the gel for 1-

2 h at 100V. 

-6.10. Transfer the protein from the gel to the PVDF membrane.  

-6.11. After transferring, block the membrane for 1 h at room temperature using a blocking 

buffer (5 % skim milk + TBS with 0.05 % Tween-20). 

-6.12. Incubate the membrane with 1:1000 dilutions of primary antibody in TBST with 5 % 

BSA buffer at 4 °C overnight. Refer to the Table of Materials. 

-6.13. Wash the membrane three times with TBST, 15 min for each wash. 

-6.14. Incubate the membrane with 1:2500 dilutions of secondary antibody in the blocking 

buffer at room temperature for 2 h. Refer to the Table of Materials. 

-6.15. Wash the membrane three times with TBST, 15 min for each wash. 

-6.16. Prepare the membrane for HRP detection with a Chemiluminescent substrate. Refer to 

the Table of Materials. 

-6.17. Acquire chemiluminescence images. 

 

 

L208 "several groups" …does it mean each spheroid was prepared by different group? 

 

We truly apologize for using incorrect word. We have corrected our English language 

errors based on your kind comments and suggestion 

“In the present study, several groups developed spheroid cultures from diverse cancer cell types” 

has been changed to “In the present study, several research groups developed spheroid cultures 

from diverse cancer cell types”  

 

L213-L214 in the section 2.2.3 is stated to use 0,2 % methylcellulose, but now it is between 0 

and 1,2%. So again, very confusing. 

 

Thank you for your comments. We apologize for using an incorrect methylcellulose 

concentrations. We have corrected the sentence. 

. 

2.2.3.: “Add 0.2 % methylcellulose and transfer the diluted cells to a sterile reservoir. Use a 

multichannel pipette to dispense 200 µl/well into an ultra-low attachment 96-well round bottom 

microplate. (Each cell line and methylcellulose density should be determined. (Figure 1B (iii))” 

has been changed to “Add final concentration of 0.6 % methylcellulose and transfer the diluted 

cells to a sterile reservoir. Use a multichannel pipette to dispense 200 µL/well into an ultra-low 



attachment 96-well round bottom microplate. Each cell line and methylcellulose density should 

be determined (Figure 1B (iii)).” 

 

L235-238: “ As shown in Figure 2A, concentrations of methylcellulose between 0 and 1.2 % 

transform the compactness and morphology of the spheroids. This result indicates that our 

methylcellulose protocol may be capable of obtaining consistent spheroids from several types 

of colorectal cancer.” has been changed to “As shown in Figure 2A, a methylcellulose 

concentration of 0.6 % transforms the compactness and morphology of the spheroids. This 

result indicates that our methylcellulose protocol may be capable of obtaining consistent 

spheroids from several types of colorectal cancer.” 

 

L217 "we treated the spheroids with LCFS" ..... spheroids treated with what concentration of 

methylcellulose - how did you obtain spheroids? 

 

Thank you for your comments. When we generated spheroids we added 0.6 % methylcellulose 

in the growth media that contained 1-2 x 105ml diluted cells. We then dispensed 200 μl/well 

into an ultra-low attachment 96-well round bottom microplate and incubated the plate at 37 °C 

in a 5 % CO2 incubator for 24-36 hours. After 24-36 hours, the generated spheroid was treated 

with 25 % LCFS and we measured the morphology after 48 hours using a light microscope. To 

clarify, we corrected the sentence as below: 

 

Line 238-239: 

“Next, we treated the spheroids with LCFS and measured the morphology after 48 hours using 

a light microscope.” has been changed to “Next, we treated the spheroids with 25 % LCFS and 

measured the morphology after 48 h using a light microscope.” 

 

 

L220 "dosages of 0,6, 12.5, 25"….missing the unit. In step 3.3 is stated also dosage of 50.  

It will not be used? 

 

We truly apologize for the confusion. Although the LCFS experiment was performed with 

dosages of 50 %, only 25 % LCFS was determined as there was no difference in cell death 

between 50 % and 25 % LCFS. To clarify the method, we deleted the 50 % LCFS part in Step 

3.3.  

 

Correction 

 

-Lines 136. Inoculate the LCFS stock solution into a growth medium. Dilute to 25 %, 12.5 %, 

and 6 % in the growth medium (i.e., 25 % LCFS = 150 µL growth medium + 50 µL LCFS) 

 

L222-224 in 4.1 is stated that viability was tested after 24-72 hours. Here after 48 hours only. 

Please clarify this. 

 

Thank you for your comments. We apologize for using the incorrect incubation time for the 

experiments. To investigate whether the cells underwent apoptosis, LCFS-treated cells and 

untreated cells were incubated at 37 °C for 48 hours before a significant portion of the cell 

populations died. 

 

Correction 



 

-Lines 143: “Prepare 8-10 LCFS-treated colorectal cancer spheroids in an ultra-low attachment 

96-well round bottom microplate (cell viability assays are performed 24-72 hours after LCFS 

treatment)” has been changed to “Prepare 8-10 LCFS-treated colorectal cancer spheroids in 

opaque-walled multi-well plates (cell viability assays are performed 48 h after LCFS 

treatment).” 

 

 

L228 "including BAX, BAK, and NOXA" authors did not state in the methods that they 

detected these markers. 

 

Thank you for the valuable comments. To clarify, we added more detailed information 

 

Additions 

 

5. Quantitative real-time polymerase chain reaction analysis for spheroids. 

 

5.1. For each condition, prepare 10-15 spheroids in a 2 mL tube and centrifuge for 3 min at 400 

x g 

5.2. Discard the supernatant and wash the spheroids twice in 1 mL of ice-cold 1X PBS (NOTE: 

avoid centrifugation, let the spheroids settle down). 

5.3. Aspirate as much of the 1X PBS as possible and isolated the RNA  

5.4. Synthesize cDNA from 1 μg of RNA 

5.5. Prepare a master mix to run all samples in triplicate. Refer to the material table. 

5.6. Perform the cDNA synthesis as a 20 µL of the template master mix into each qPCR plate 

well. 

5.7. Mix reactions well and spin if necessary. 

5.8. Run samples as per the recommendations of the instrument manufacturer..  

 

Table 1. PCR reaction mixture

 
 

 

Table 2. Primer sequences used in qRT-PCR analysis.  

Reactions Volume per single 20 μL

2X qPCR mix 10 μL

Forward primer (10 pmols/µl) 1 μL

Reverse primer (10 pmols/µl) 1 μL

cDNA (50 ng/µl) 1 μL

PCR grade water 7 μL



 
 

 

Table 3. qRT-PCR conditions  

 
 

 

Addition 

 

6.6. Centrifuge the protein lysates for 15 min at 15000 x g and 4 °C. 

6.7. Determine the protein concentration for each cell lysate 

6.8. Boil each cell lysate in a sample buffer at 100 °C for 10 min.  

6.9. Load equal amounts of protein into the wells of the SDS-PAGE gel and run the gel for 1-

2 h at 100V. 

6.10. Transfer the protein from the gel to the PVDF membrane.  

6.11. After transferring, block the membrane for 1 h at room temperature using a blocking 

buffer (5 % skim milk + TBS with 0.05 % Tween-20). 

6.12. Incubate the membrane with 1:1000 dilutions of primary antibody in TBST with 5 % 

BSA buffer at 4 °C overnight. Refer to the Table of Materials. 

6.13. Wash the membrane three times with TBST, 15 min for each wash. 

6.14. Incubate the membrane with 1:2500 dilutions of secondary antibody in the blocking 

buffer at room temperature for 2 h. Refer to the Table of Materials. 

6.15. Wash the membrane three times with TBST, 15 min for each wash. 

6.16. Prepare the membrane for HRP detection with a Chemiluminescent substrate. Refer to 

the Table of Materials. 

6.17. Acquire chemiluminescent images.. 

 

Table 4. Antibodies used in western blot analysis.  

Primer Primer sequences ( 5' -> 3' )

BAX-Forward CCCGAGAGGTCTTTTTCCGAG

BAX-Reverse CCAGCCCATGATGGTTCTGAT

BAK-Forward ATGGTCACCTTACCTCTGCAA

BAK-Reverse TCATAGCGTCGGTTGATGTCG

NOXA-Forward ACCAAGCCGGATTTGCGATT

NOXA-Reverse ACTTGCACTTGTTCCTCGTGG

18s rRNA-Forward GATGGGCGGCGGAAAATAG

18s rRNA-Reverse GCGTGGATTCTGCATAATGGT

β-Actin-Forward TCCTGTGGCATCCACGAAACT

β-Actin-Reverse GAAGCATTTGCGGTGGACGAT

Stage Temp (ºC) Time

Initial denaturation 95 10 min

Step 1 95 15 sec

Step 2 60 60 sec

95 15 sec

60 60 sec

95 15 sec

40 cycles:

Melting curve stage



 
 

 

L238/L242 (n=3) what „n" stands for? Is it the number of experiments or number of wells per 

one experiment. Please clarify it. 

 

We sincerely appreciate the reviewer’s thoughtful comments. We apologize for using i

ncorrect nomenclature. It refers to the number of experimental replicates for each exp

eriment. To clarify, we edited the sentence as follows.  

Additions 

- “n=3” has been change to “ n=3 for each experiment” 

L244 Fig 3D ht-29 cells: how can be viability more than 100%? different blue colours are 

percentage of what?? also data are represented as MEAN?? +/- SD? SEM? Moreover, MTS 

assay is not mentioned anywhere apart from line 222 (but NOT in methods) 

 

We sincerely appreciate the reviewer’s thoughtful comment. As recommended by the r

eviewer, we represented the LCFS % in blue colors, and the statistical analysis within 

the figure legend and MTT was replaced with a cell viability assay. 

Additions 

- Figure 3: Evaluation of LCFS concentration and spheroid morphology. (A) Representative 

images of HT-29 treated with LCFS for 48 h. Scale bar 100 μm. (B) HT-29, DLD1, and WiDr 

spheroids treated with increasing doses of LCFS for 48 h. All spheroids had disrupted edges at 

12.5-25 % LCFS. Scale bar 20 μm (n=3 for each experiment) (C) Spheroid morphologies of 

HT-29, DLD1, and WiDr spheroids treated with 25 % LCFS for 24 and 48 h. Scale bar 20 μm 

(n = 3) (D) Measured cell viability, shown as mean ± SEM. ***, P < 0.05 (n=3 for each 

experiment). 

- Lines 246: After 48 h, the samples were assessed through a cell viability assay, and

 we found that apoptosis in spheroid colorectal cancers depended on the dosage of L

CFS (Figure 3D). 

 

L246 why authors did not show PI staining in spheroids from other cell types? 

 

Thank you for your comments. As suggested, we performed PI staining in spheroids from other 

cell types. The data indicated that LCFS induced apoptosis not only in HT-29 spheroids but 

also in DLD1 and WiDr spheroids. We added these results in Figure 4.  

Antibody Dilution

PARP 1 (C2-10) 1:1000

BclxL (H-5) 1:1000

p-IκBα (B-9) 1:1000

β-actin (C4) 1:1000

Goat Anti-Mouse IgG

(H+L)
1:2500

Goat Anti-Rabbit IgG

(H+L)
1:2500



 

 

Figure 4: Propidium iodide staining of the spheroids. Representative images of PI stai

ning in (A) HT-29, (B) DLD1, and (C) WiDr spheroids after 48 h of LCFS treatmen

t. The images were identified using a fluorescence microscope and the increase in PI 

intensity was measured using Image J. Scale bar 10 μm. The mean ± SEM is shown.

 ***, P < 0.05 (n=3 for each experiment). 

 

Additions 

- Description of the results in the text: line 247-250  

- Data: Figure 4A, B, C  

 



 

L248/249 „Quantification of apoptosis markers, measured through qRT-PCR". data are 

represented as MEAN?? +/- SD? SEM? statistical analysis? *** is p < ???? 

 

We sincerely appreciate the reviewer’s thoughtful comment regarding this important st

atistical issue. As recommended by the reviewer, we added this information within the

figure legend. 

Additions 

Figure 5: Apoptosis markers were identified using qRT-PCR. Apoptosis markers, such 

as BAX, BAK and NOXA, were quantified. mRNA is presented as a relative expressi

on normalized to (A) β-actin and (B) 18s rRNA. The mean ± SEM is shown. ***, P

 < 0.05 (n=3 for each experiment). 

L252 Why authors don't show FACS analysis of apoptosis in spheroids of other cell types? 

 

Thank you for your comments. As suggested, we performed FACS analysis of apoptosis for 

DLD1 and WiDr spheroids.  

 

 
Figure 6. Apoptosis markers were determined via Western blotting and FACS analysis of the 



spheroids. Shown in the figure are Western blots of (A) HT-29, (B) DLD1, and (C) WiDr cells 

after LCFS treatment. The antibodies that were detected were PARP1, Bcl-xL, and p-IκBα. β-

actin expression was used as an internal control. (D) FACS analysis of apoptosis in HT-29, 

DLD1, and WiDr spheroids incubated with LCFS. Apoptotic cells were detected by the 

increase in the fluorescence intensity of Annexin V-FITC. 

 

Additions 

- Description of the results in the text: line 251-252  

- Data: Figure 6D  

 

 

Major Concerns: 

Majority of steps listed in the procedure are not clearly explained and thus very confusing. 

 

We thank the Reviewer for their thoughtful comments. We tried to clearly explain the majority 

of steps with additional experimental data and reviewer comments, and the manuscript 

underwent extensive English editing.  

 

 

Minor Concerns: 

English language need to be improved. 

Our manuscript underwent extensive English editing by English editing service during revision 

for checking grammar, spelling and some improvement of style. We appreciate for reviewer 

kindly comments. 

 

Response to Reviewer 3 Comments 

We are profoundly grateful for your valuable comments on our manuscript. 

 

Reviewer #3: 

Manuscript Summary: 

The manuscript aim the generation of a protocol to study the impact of probiotics in cancer 

spheroids. I recommended the following improvements. 

 

Major Concerns: 

1. The authors used MTS as viability assay (Figure 3). MTS is commonly used, however MTS 

has many limitations, I'd recommended additionally the use of CellTiter-Glo® Luminescent 

Cell Viability Assay optimized for spheroid analysis ratifying the findings of MTS assay. 

 

We sincerely appreciate the reviewer’s comments. As pointed out by the reviewer, we 

performed viability assay for HT-29, DLD1, and WiDr spheroids using the CellTiter-Glo® 3D 

Cell Viability assay to examine the anti-cancer effects of Lactobacillus fermentum. The 

CellTiter-Glo® 3D Cell Viability assay kit is more suitable for determining the number of 



viable cells in 3D cell cultures as it depends on the quantitation of ATP present and is based on 

the original CellTiter-Glo® Luminescent Cell Viability Assay chemistry suggested by the 

reviewer. We have changed the results of the cell viability assessment to those obtained using 

the CellTiter-Glo® 3D Cell Viability assay in Figure 3D. 

 

 

4. Cell viability assay for spheroids 

4.1. Prepare 8-10 LCFS-treated colorectal cancer spheroids in opaque-walled multi-well

 plates (cell viability assays are performed 48 h after LCFS treatment). 

4.2. Thaw the cell viability reagent at 4 °C overnight. Refer to the material table. 

4.3. Equilibrate the cell viability reagent to room temperature before use.   

4.4. Before observing the assay, remove 50 % of the growth media from the spheroid

s. 

4.5. Add 100 µL of cell viability reagent to each well. 

NOTE: The volume to be used will depend on the plate size as follows: 100 μL for 96-

well cell culture plates.  

4.5. Mix the reagent vigorously for 5 min to promote cell lysis. 

4.6. Incubate for 30 min–2 h at 37 °C.   

4.7. Record the luminescence. 

 

Additions 

- Description of the method in the text: line 141-150  

 

  

 



 

Figure 3: Evaluation of LCFS concentration and spheroid morphology. (A) Representative 

images of HT-29 treated with LCFS for 48 hours. Scale bar 100 μm. (B) HT-29, DLD1, and 

WiDr spheroids treated with increasing doses of LCFS for 48 h. All spheroids had disrupted 

edges at 12.5-25 % LCFS. Scale bar 20 μm (n=3 for each experiment) (C) Spheroid 

morphologies of HT-29, DLD1, and WiDr spheroids treated with 25 % LCFS for 24 and 48 h. 

Scale bar 20 μm (n = 3) (D) Measured cell viability, shown as mean ± SEM. ***, P < 0.05 (n=3 

for each experiment). 

 

Changes 

- Description of the results in the text: line 246-247  

- Data: Figure 3D  

 

 

 

 

2. The authors does not describe the cat#, company and sequence of BAX, BAK, NOXA 

primers. Please provide full details of the primers used in the study. 

 

Thank you for the valuable comments. To clarify, we added more detailed information 

 

5. Quantitative real-time polymerase chain reaction analysis for spheroids. 

 

5.1. For each condition, prepare 10-15 spheroids in a 2 mL tube and centrifuge for 3 min at 

400x g 

5.2. Discard the supernatant and wash the spheroids twice in 1 mL of ice-cold 1X PBS (note: 

avoid centrifugation, let the spheroids settle down). 

5.3. Aspirate as much of the 1X PBS as possible and isolated the RNA  

5.4. Synthesize cDNA from 1 µg of RNA 

5.5. Prepare a master mix to run all samples in triplicate (refer to the Table) 



5.6. Perform the cDNA synthesis as a 20 µL of the template master mix into each qPCR plate 

well. 

5.7. Mix reactions well and spin if necessary. 

5.8. Run samples as per the recommendations of the instrument manufacturer. 

 

 

Table 1. PCR reaction mixture

 
 

 

Table 2. Primer sequences used in qRT-PCR analysis.  

 
 

 

Table 3. qRT-PCR conditions  

 
 

 

 

3. The Authors does not describe the housekeeping genes used to normalize the qPCR data. 

Please provide at least two housekeeping genes. 

 

We sincerely appreciate the reviewer’s thoughtful comments and helpful suggestions. We 

normalized qPCR using Actin and 18s rRNA. LCFS-treated spheroids exhibited similar effects 

Reactions Volume per single 20 μL

2X qPCR mix 10 μL

Forward primer (10 pmols/µl) 1 μL

Reverse primer (10 pmols/µl) 1 μL

cDNA (50 ng/µl) 1 μL

PCR grade water 7 μL

Primer Primer sequences ( 5' -> 3' )

BAX-Forward CCCGAGAGGTCTTTTTCCGAG

BAX-Reverse CCAGCCCATGATGGTTCTGAT

BAK-Forward ATGGTCACCTTACCTCTGCAA

BAK-Reverse TCATAGCGTCGGTTGATGTCG

NOXA-Forward ACCAAGCCGGATTTGCGATT

NOXA-Reverse ACTTGCACTTGTTCCTCGTGG

18s rRNA-Forward GATGGGCGGCGGAAAATAG

18s rRNA-Reverse GCGTGGATTCTGCATAATGGT

β-Actin-Forward TCCTGTGGCATCCACGAAACT

β-Actin-Reverse GAAGCATTTGCGGTGGACGAT

Stage Temp (ºC) Time

Initial denaturation 95 10 min

Step 1 95 15 sec

Step 2 60 60 sec

95 15 sec

60 60 sec

95 15 sec

40 cycles:

Melting curve stage



when normalized with Actin or 18s RNA. Therefore, LCFS effectively induced apoptosis in 

the 3D model. We added the results of the cell death assessment by qPCR in Figure 5.  

 

 
 

Figure 5: Apoptosis markers were identified using qRT-PCR. Apoptosis markers, such as BAX, 

BAK and NOXA, were quantified. mRNA is presented as a relative expression normalized to 

(A) β-actin and (B) 18s rRNA. The mean ± SEM is shown. ***, P < 0.05 (n=3 for each 



experiment). 

 

Additions 

- Description of the results in the text: line 250-251  

- Data: Figure 5A, B 

 

 

4. Please provide a non-stained sample plot from each condition depicted in the FACS dot plot 

(Fig. 4F). 

 

We sincerely appreciate the reviewer’s comments. As pointed out by the reviewer, we added a 

non-stained sample plot from each condition. 

 

 

Figure 6. Apoptosis markers were determined via Western blotting and FACS analysis of the 

spheroids. Shown in the figure are Western blots of (A) HT-29, (B) DLD1, and (C) WiDr cells 

after LCFS treatment. The antibodies that were detected were PARP1, Bcl-xL, and p-IκBα. β-

actin expression was used as an internal control. (D) FACS analysis of apoptosis in HT-29, 

DLD1, and WiDr spheroids incubated with LCFS. Apoptotic cells were detected by the 

increase in the fluorescence intensity of Annexin V-FITC. 



 

Additions 

- Description of the results in the text: line 251-252  

- Data: Figure 6D 

 

Minor Concerns: 

1. I would rewrite the sentence "Probiotics are the most advantageous microorganisms in the 

gut that improve the host". Although the authors describe "what" probiotics "improve the host" 

in the next sentences, it does not sound appropriated to end this sentence with a unclear and 

general idea that probiotics "improve the host". I'd recommended include in the same sentence 

the benefits of probiotics as described in the lines 53-57. 

 

We truly apologize for the vague expression. “Probiotics are the most advantageous 

microorganisms in the gut that improve the host” has been changed to “Probiotics are the most 

advantageous microorganisms in the gut that improves immune homeostasis and host energy 

metabolism.”  

 

Response to Reviewer 4 Comments 

We are profoundly grateful for your valuable comments on our manuscript. 

 

Reviewer #4: 

Manuscript Summary: 

Clear and well drafted 

 

Major Concerns: 

None 

 

Minor Concerns: 

None 
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4. Retention of Rights in Article. Notwithstanding 
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