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SUMMARY: 31 

miRNA therapeutics have significant potential in regulating cancer progression. Demonstrated 32 

here are analytical approaches used for identification of the activity of a combinatorial miRNA 33 

treatment in halting cell cycle and angiogenesis. 34 

 35 

ABSTRACT: 36 

Lung cancer (LC) is the leading cause of cancer-related deaths worldwide. Similar to other cancer 37 

cells, a fundamental characteristic of LC cells is unregulated proliferation and cell division. 38 

Inhibition of proliferation by halting cell cycle progression has been shown to be a promising 39 

approach for cancer treatment, including LC.  40 

 41 

miRNA therapeutics have emerged as important post-transcriptional gene regulators and are 42 

increasingly being studied for use in cancer treatment. In recent work, we utilized two miRNAs, 43 

miR-143 and miR-506, to regulate cell cycle progression. A549 non-small cell lung cancer (NSCLC) 44 
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cells were transfected, gene expression alterations were analyzed, and apoptotic activity due to 45 

the treatment was finally analyzed. Downregulation of cyclin-dependent kinases (CDKs) were 46 

detected (i.e., CDK1, CDK4 and CDK6), and cell cycle halted at the G1/S and G2/M phase 47 

transitions. Pathway analysis indicated potential antiangiogenic activity of the treatment, which 48 

endows the approach with multifaceted activity. Here, described are the methodologies used to 49 

identify miRNA activity regarding cell cycle inhibition, induction of apoptosis, and effects of 50 

treatment on endothelial cells by inhibition of angiogenesis. It is hoped that the methods 51 

presented here will support future research on miRNA therapeutics and corresponding activity 52 

and that the representative data will guide other researchers during experimental analyses.  53 

 54 

INTRODUCTION: 55 

 56 

The cell cycle is a combination of multiple regulatory events that allow duplication of DNA and 57 

cell proliferation through the mitotic process1. Cyclin-dependent kinases (CDKs) regulate and 58 

promote the cell cycle2. Among them, the mitotic CDK (CDK1) and interphase CDKs (CDK2, CDK4, 59 

and CDK6) have a pivotal role in cell cycle progression3. Retinoblastoma protein (Rb) is 60 

phosphorylated by the CDK4/CDK6 complex to allow cell cycle progression4, and CDK1 activation 61 

is essential for successful cell division5. Numerous CDK inhibitors have been developed and 62 

evaluated in clinical trials over the last few decades, indicating the potential of targeting CDKs in 63 

cancer treatment. In fact, three CDK inhibitors have been approved for the treatment of breast 64 

cancer recently6-10. Thus, CDKs, and in particular, CDK1 and CDK4/6, are of great interest in 65 

regulating cancer cell progression.  66 

 67 

miRNAs (miRs) are small, non-coding RNAs and post-transcriptional regulators of gene 68 

expression, regulating approximately 30% of all human genes11. Their activity is based on 69 

translational repression or degradation of messenger RNAs (mRNAs)12. Illustrative of their 70 

biological significance, more than 5,000 miRNAs have been identified and a single miRNA 71 

molecule can regulate multiple genes11,13. More importantly, miRNA expression has been 72 

associated with different diseases and disease statuses, including cancer13. In fact, miRNAs have 73 

been characterized as oncogenic or tumor suppressors, being capable to either promote or 74 

suppress tumor development and progression14,15. The relative expression of miRNAs in diseased 75 

tissues can regulate disease progression; thus, exogenous delivery of miRNAs has therapeutic 76 

potential. 77 

 78 

Lung cancer is the leading cause of cancer-related deaths and greater than 60% of all lung 79 

malignancies are non-small cell lung cancers16,17, with a 5-year survival rate of less than 20%18. 80 

The use of miR-143-3p and miR-506-3p was recently evaluated for targeting the cell cycles in lung 81 

cancer cells11. miR-143 and miR-506 have sequences that are complementarity to CDK1 and 82 

CDK4/CDK6, and the effects of these two miRs on A549 cells were analyzed. The experimental 83 

details are presented and discussed in this paper. Gene expression, cell cycle progression, and 84 

apoptosis were evaluated using different experimental designs and timepoints following 85 

transfection. We used real-time quantitative PCR (RT-qPCR) methods along with microarray 86 

analysis to measure specific gene expression, and next-generation RNA sequencing was used to 87 

determine global gene dysregulation11. The latter method identifies the relative abundance of 88 



each gene's transcript with high sensitivity and reproducibility, while thousands of genes can be 89 

analyzed from a single experimental analysis. Additionally, apoptotic analysis due to miRNA 90 

treatment was performed and is described here. Bioinformatics supplemented the pathway 91 

analysis. Presented here are protocols used for analysis of the therapeutic potential of the 92 

combinatorial miR-143 and miR-506. 93 

 94 

The main purpose of this protocol is to identify the effects of miRNAs in cells, with a focus on the 95 

cell cycle. The variety of techniques presented here span from gene expression analysis pre-96 

translation (using qPCR) to elaborate and novel techniques for gene analysis at the protein level, 97 

such as microarray analysis. It is hoped that this report is helpful for researchers interested in 98 

working with miRNAs. Additionally, methodology for flow cytometric analysis of the cell cycle 99 

and apoptosis of cells is presented. 100 

 101 

PROTOCOL: 102 

 103 

1. miR-143 and miR-506 transfection  104 

 105 

CAUTION: Use latex gloves, protective eyeglasses, and a laboratory coat while performing the 106 

described experiments. When required, use the biosafety cabinet with the cabinet fan on, 107 

without blocking the airways or disturbing the laminar airflow. Always set the protecting glass 108 

window to the appropriate height, as described by the manufacturer. 109 

 110 

1.1. Seed NSCLC A549 cells in a T25 cm2 flask/6/96 well plate in DMEM/F12K media 111 

supplemented with 10% FBS and 1% penicillin-streptomycin (culture media) in a tissue culture 112 

hood and incubate overnight at 37 °C with 5% CO2 in a tissue culture incubator. 113 

 114 

1.2. Suspend miR-143 and/or miR-506 mimics, or scramble siRNA with transfecting agent (2.4 μg 115 

of miR were mixed with 14 μL of transfecting agent; see Table of Materials) in 500 μL of 116 

transfection media and 1.5 mL of serum and antibiotic-free DMEM/F12K media at a final miRNA 117 

concentration of 100 µM. miRNA amount may require optimization on different cells and 118 

concentrations. Appropriate approaches include the transfection of cells with increasing 119 

concentrations of miRNA (i.e., 50–200 nM) and evaluation of expression downregulation of the 120 

genes of interest. 121 

 122 

1.3. Remove culture media from flask/plate and wash once with 1x PBS. 123 

 124 

1.4. Add miRNA/scramble-transfecting agent complexes and incubate at 37 °C with 5% CO2 for 6 125 

h (flask size defines the added incubation volume).  126 

 127 

1.5. Replace the media with 4 mL of culture media and incubate cells for 24 h and/or 48 h. 128 

 129 

1.6. Harvest transfected cells by trypsinization, by adding 1 mL of trypsin-EDTA in each T25 cm2 130 

flask, incubate for 5–10 min at 37 °C, and add 3 mL of culture media to harvest the cells. Place 131 

the contents of each flask into a separate, marked 15 mL tube. Work in a tissue culture hood.  132 



 133 

1.7. Centrifuge at 751 x g for 5 min and remove the supernatant.  134 

 135 

NOTE: Caution is required during supernatant removal, as agitation of the tube may cause loss of 136 

cells. 137 

 138 

1.8. Add 2 mL of 1x PBS and centrifuge for 5 min at 751 x g. 139 

 140 

1.9. Repeat steps 1.7 and 1.8 once to remove any traces of media and  supernatant.  141 

 142 

NOTE: At this stage, sample tubes can be stored at -80 °C or can be used immediately.  143 

 144 

2. RNA extraction  145 

 146 

2.1. Clean the work area by spraying with 70% isopropyl alcohol and RNAse decontamination 147 

solution. 148 

 149 

2.2. RNA extraction should be performed using an appropriate RNA kit (see Table of Materials). 150 

 151 

2.3. Remove the tubes from -80 °C and allow them to thaw. Add 300 µL of lysis buffer and pipette 152 

up and down to break the cell membrane. 153 

 154 

2.4. Add an equal volume of 100% ultra-pure ethanol. 155 

 156 

2.5. Mix well and place in separating column.  157 

 158 

2.6. Centrifuge between 11 and 16 x g for 30 s and remove the flow-through. 159 

 160 

2.7. Add 400 µL of washing buffer and centrifuge to remove the buffer. 161 

 162 

2.8. Add 5 µL of DNAse I with 75 µL of DNA digestion buffer in each sample and incubate for 15 163 

min. 164 

 165 

2.9. Wash the sample with 400 µL of RNA prep buffer.  166 

 167 

2.10. Wash 2x with RNA wash buffer. 168 

 169 

2.11. Add nuclease-free water to the column, centrifuge, then collect the RNA. 170 

 171 

2.12. Measure total RNA concentration with a UV spectrophotometer. 172 



 173 

 174 

3. RT-qPCR 175 

 176 

3.1. Prior to RT-qPCR, synthesize the cDNA. Subsequent to RNA concentration quantification, 177 

place 1 µg of RNA in a 20 µL final volume of reaction to prepare cDNA in a PCR tube. Always work 178 

on a clean bench. 179 

 180 

3.2. All other necessary ingredients are included in Table 1. 181 

 182 

[Place Table 1 here] 183 

 184 

3.3. Incubate in a thermal cycler with the following temperature conditions: 42 °C for 30 min; 95 185 

°C for 2 min; 4 °C until collection of samples. 186 

 187 

3.4. Use immediately in regular PCR or qPCR, or store cDNA at -20 °C. 188 

 189 

3.5. Prepare forward and reverse primer solutions with DNase/RNase-free water at a 190 

concentration of 10 µM from stock primer solution. 191 

 192 

3.6. Prepare separate master mixes for each gene to be detected, according to the number of 193 

samples. For each cDNA sample (qPCR well), the reaction quantity is prepared according to Table 194 

2. 195 

 196 

[Place Table 2 here] 197 

 198 

3.7. Place each sample in the respective wells. For each sample and analyzed gene, perform the 199 

reaction in triplicates, or at least in duplicates, 200 

 201 

3.8. Design the sample layout for the 96 well qPCR plate. For each sample and analyzed gene, 202 

perform the reaction in triplicates, or at least in duplicates.  203 

 204 

3.9. Seal the 96 well plate with an optically clear adhesive cover. 205 

 206 

3.10. Quick-spin the plate to allow the reaction mixture to reach the bottom of each well.  207 

 208 

3.11. Run RT-qPCR according to the following thermal gradient: 209 

1) 50 °C for 2 min 210 

2) 95 °C for 2 min 211 

3) 95 °C for 15 s 212 

4) Take reading  213 

5) 60 °C for 1.5 min 214 

6) Repeat step 3 for 39 times 215 

 216 



3.12. Run the following thermal gradient in continuation of the above to determine melting curve 217 

which indicates single product amplification. 218 

7) 65 °C for 0.31 min 219 

8) +0.5 °C/cycle 220 

9) Plate read 221 

10) Repeat step 8 for 60 times until reaching 95 °C  222 

11) 72 °C for 2 min 223 

 224 

4. Agarose gel electrophoresis to confirm single gene amplification 225 

 226 

4.1. Prepare 1% agarose gel in 1x TBE buffer. 227 

 228 

4.2. Add ethidium bromide (EtBr) in warm (~50 °C) gel until achieving a final concentration of 229 

approximately 0.2–0.5 µg/mL. EtBR binds with DNA and allows it to be visualized under UV light 230 

in a gel imager. 231 

 232 

4.3. Pour warm gel in a gel tray supplied with an electrophoresis gel box. Attach the provided 233 

comb tightly for uniform wells. 234 

 235 

4.4. Allow the gel to rest and cool to room temperature (RT) for ~30 min.  236 

 237 

4.5. When the gel is solidified, place the gel and tray in the gel box. 238 

 239 

4.6. Fill the gel box with 1x TBE buffer until the gel is completely covered.  240 

 241 

4.7. Measure the concentration of the DNA from PCR amplification process using a UV 242 

spectrometer. 243 

 244 

4.8. Take ~15 ng of DNA in a small PCR tube, add 5 µL of dye, and add the required amount of 245 

nuclease-free water to achieve a 15 µL total volume. 246 

 247 

4.9. Load the DNA ladder and samples into the wells. 248 

 249 

4.10. Run the gel at 100 V until the dye line is approximately 75%–80% down the gel. 250 

 251 

NOTE: Make sure the gel runs from a negative to positive charge. 252 

 253 

4.11. Remove the gel and place it in the gel imager to visualize DNA. 254 

 255 

5. Cell cycle analysis 256 

 257 

5.1. Seed 5 x 105 cells for each sample in a T25 cm2 flask and perform a transfection according to 258 

the protocol described in section 2.1, steps 2.1.1–2.1.5.  259 

 260 



5.2. After 24 h and 48 h, then harvest the cells by trypsinization. 261 

 262 

5.3. Transfer the cell suspensions to 15 mL sterile tubes and label them properly. 263 

 264 

5.4. Centrifuge samples at 751 x g for 5 min and discard the supernatant.  265 

 266 

5.5. Add 2 mL of ice-cold 1x PBS, vortex, and centrifuge at 751 x g for 5 min. Discard the 267 

supernatant. 268 

 269 

5.6. Repeat the washing step with 1x PBS to remove residual media. 270 

 271 

5.7. Resuspend and break the pellet by adding 200 µL of ice-cold 1x PBS by pipetting. 272 

 273 

5.8. Fix the cells by adding 2 mL of 70% ice-cold ethanol dropwise to the tube while vortexing 274 

gently. 275 

 276 

5.9. Incubate tubes for 30 min at RT and place the tubes at 4 °C for 1 h. 277 

 278 

5.10. Remove tubes from 4 °C and centrifuge at 751 x g for 5 min. 279 

 280 

5.11. Add 2 mL of ice-cold 1x PBS, vortex, and centrifuge at 751 x g for 5 min. Discard the 281 

supernatant. 282 

 283 

5.12. Add 500 μL of 1x PBS with propidium iodide (50 μg/mL) and ribonuclease A (200 μg/mL) 284 

 285 

5.13. Incubate for 30 min at RT while protecting the samples from light. 286 

 287 

5.14. Acquire data on flow cytometer. Use forward vs. side scatter (FSC vs. SSC) to select the main 288 

population of cells, excluding debris at the bottom left corner of the FSC vs. SSC density plot and 289 

cell clusters at the top to top-right side of the FSC vs. SSC density plot.  290 

 291 

5.15. Analyze data for identification of cell populations per cell cycle stage with appropriate 292 

software. 293 

 294 

6. Apoptosis assay 295 

 296 

6.1. Seed 5 x 105 cells for each sample in a T25 cm2 flask and perform a transfection according to 297 

the protocol described in section 2.1, steps 2.1.1-2.1.5.  298 

 299 

6.2. After 24 h and 48 h, harvest the cells by trypsinization. 300 

 301 

6.3. Transfer the cell suspensions to 15 mL sterile tubes and label them properly. 302 

 303 

6.4. Centrifuge at 751 x g for 5 min and discard the supernatant. 304 



 305 

6.5. Add 2 mL of ice-cold 1x PBS, vortex, and centrifuge at 751 x g for 5 min. Discard the 306 

supernatant. 307 

 308 

6.6. Repeat the washing step with 1x PBS to remove residual media. 309 

 310 

6.7. Dilute 10x Annexin V binding buffer to 1x with ice-cold dH2O. 311 

 312 

6.8. Add 1 mL of 1x Annexin V binding buffer to each sample tube and resuspend gently. 313 

 314 

6.9. Place 96 µL of cell suspension in a 1.5 mL microcentrifuge tube. 315 

 316 

6.10. Add 1 µL of Annexin V-FITC conjugate and 12.5 µL of propidium iodide (PI) to the tube 317 

containing the cell suspension. 318 

 319 

6.11. Incubate the cell suspension for 10 min on ice in the dark. 320 

 321 

6.12. Add 250 µL ice-cold 1x Annexin V binding buffer to each sample tube to dilute. 322 

 323 

6.13. Analyze samples with flow cytometer immediately. 324 

 325 

7. Protein expression by antibody cell cycle microarray 326 

 327 

7.1. Seed 5 x 105 cells for each sample in T25 cm2 flasks and perform a transfection according to 328 

the protocol described in steps 2.1.1–2.1.5.  329 

 330 

7.2. After 24 h and 48 h, harvest cells by trypsinization. 331 

 332 

7.3. Transfer cell suspensions to 15 mL tubes and label them accordingly. 333 

 334 

7.4. Centrifuge at 751 x g for 5 min and discard the supernatant. 335 

 336 

7.5. Add 2 mL of ice-cold 1x PBS, vortex and centrifuge at 751 x g for 5 min. Discard the 337 

supernatant. 338 

 339 

7.6. Repeat the washing step with 1x PBS. 340 

 341 

7.7. Add 150 µL of lysis buffer supplemented with protease inhibitors. Pipet up and down gently 342 

to disrupt the cell membranes. 343 

 344 

7.8. To prevent any lysis buffer interference, perform a buffer exchange to replace the lysis buffer 345 

with labeling buffer, using the manufacturer’s solvent exchanging columns.  346 

 347 

7.9. Quantify the total protein with a BCA assay. 348 



 349 

7.10. Take 70 µg of protein sample and add labeling buffer to achieve a final volume of 75 µL. 350 

 351 

7.11. Add 100 µL of dimethylformamide (DMF) to 1 mg of biotin reagent (biotin/DMF). 352 

 353 

7.12. Add 3 μL of the biotin/DMF to each protein sample (biotinylated protein sample) and 354 

incubate for 2 h at RT. 355 

 356 

7.13. Add 35 μL of stop reagent and mix by vortexing.  357 

 358 

7.14. Incubate samples at RT for 30 min. 359 

 360 

7.15. Remove the microarray slides from the refrigerator so that they warm to RT for 1 h before 361 

use.  362 

 363 

7.16. Perform blocking for non-specific binding by incubating the slides with 3% dry milk solution 364 

(in blocking reagent provided by manufacturer) in a Petri dish with continuous shaking for 45 min 365 

at RT. 366 

 367 

7.17. Wash the slides with ddH2O water (unless otherwise specified, washing takes place with 368 

ddH2O). 369 

 370 

7.18. Repeat the washing step ~10x to completely remove the blocking solution from the slide 371 

surfaces. This is important to achieve a uniform and low background. 372 

 373 

7.19. Remove excessive water from the slide surfaces and proceed to the next step without 374 

letting the slides dry. 375 

 376 

7.20. Prepare coupling solution by dissolving 3% dry milk in a coupling reagent. 377 

 378 

7.21. Add 6 mL of the coupling solution and to the full quantity of the previously prepared 379 

biotinylated protein sample from step 7.12.  380 

 381 

7.22. Place one slide in one well of the coupling chamber provided by the vendor and add ~6 mL 382 

of protein coupling mix to it.  383 

 384 

NOTE: Ensure that the slide is completely submerged in protein coupling mix solution. 385 

 386 

7.23. Cover the coupling chamber and incubate for 2 h at RT with continuous agitation in an 387 

orbital shaker. 388 

 389 

7.24. Transfer the slides to a Petri dish and add 30 mL of 1x washing buffer. Place the Petri dish 390 

in orbital shaker, shake for 10 min, and discard the solution. 391 

 392 



7.25. Repeat step 7.24 2x. 393 

 394 

7.26. Rinse the slides with ddH2O water extensively as described in steps 7.17 and 7.18 and 395 

proceed to next step immediately to avoid drying.  396 

 397 

7.27. Add 30 µL of Cy3-streptavidin (0.5 mg/mL) in 30 mL of detection buffer. 398 

 399 

7.28. Place the slide in a Petri dish and add 30 mL of detection buffer containing Cy3-streptavidin. 400 

 401 

7.29. Incubate in an orbital shaker for 20 min with continuous shaking protected from light.  402 

 403 

NOTE: Cy-3 is a fluorescent dye. Cover with aluminum foil or operate under dark conditions to 404 

maintain fluorescence intensity. 405 

 406 

7.30. Perform steps 7.24–7.26 and allow the slide to dry using a gentle stream of air or placing 407 

the slide in a 50 mL conical tube and centrifuge at 1300 x g for 5–10 min. 408 

 409 

7.31. Place the slide in slide holder and cover with aluminum foil. 410 

 411 

7.32. Scan the slide in a microarray scanner with the appropriate excitation and emission 412 

wavelengths. In the case of Cy3, the excitation wavelength peak is at ~550 nm and emission peak 413 

at ~570 nm.  414 

 415 

7.33. Analyze the data (see Table of Materials) for software used. 416 

 417 

8. RNA sequencing  418 

 419 

8.1. Seed 5 x 105 cells for each sample in T25 cm2 flasks and perform a transfection according to 420 

the protocol described in section 2.1, steps 2.1.1–2.1.5.  421 

 422 

8.2. After 24 h and 48 h, harvest the cells by trypsinization. 423 

 424 

8.3. Transfer the cell suspensions to 15 mL tubes and label them accordingly. 425 

 426 

8.4. Extract RNA according to section 2.1, steps 2.1.1–2.1.6. 427 

 428 

8.5. Check RNA quality as well as concentration with a bioanalyzer. An RNA integrity score (RIN) 429 

above eight and appropriate histograms are necessary to confirm RNA quality.  430 

 431 

8.6. From the total RNA, use ~2 µg of the sample for RNA sequencing (messenger RNA from total 432 

RNA)  433 

 434 

8.7. Sequence using a next-generation sequencer11. 435 

 436 



8.8. Run quality trimming and map with a reference genome from FASTQ files generated from 437 

the RNA sequencing machine11. 438 

 439 

8.9. Upload FASTQ files and raw read the count data to Genebank, following the instructions of 440 

the <https://www.ncbi.nlm.nih.gov/> website.  441 

 442 

NOTE: See accession number SRP133420 for previous results. 443 

 444 

9. Tube formation assay 445 

 446 

9.1. Assess the angiogenic potential of miRNA-transfected human umbilical vein endothelial cells 447 

(HUVECs) 36 h post-transfection, as described in steps 2.1.1-2.1.5, using HUVEC cells instead of 448 

A549 cells. 449 

 450 

9.2. Starve HUVECs with M199 starvation media for 4 h at 37 °C with 5% CO2. 451 

 452 

9.3. Remove reduced growth factor basement membrane matrix from -80 °C and store at 4 °C 453 

overnight, allowing gradual thawing to avoid bubble formation and polymerization. 454 

 455 

9.4. Carefully and slowly coat wells of a 96 well plate with 0.04 mL of reduced growth factor 456 

basement membrane matrix, avoiding bubble formation. Perform the whole procedure under a 457 

laminar flow hood. 458 

 459 

9.5. Fill adjacent wells of the 96 well plate with 0.1 mL of PBS to maintain humidity and preserve 460 

temperature.  461 

 462 

9.6. Incubate the 96 well plate at 37 °C for at least 20 min so that polymerization of basement 463 

membrane extract is achieved. Do not incubate for more than 1 h. 464 

 465 

9.7. Trypsinize transfected HUVECs from each group and resuspend in medium M199 at a 466 

concentration of 1 x 105 cells/mL. 467 

 468 

9.8. Add 0.1 mL of each cell suspension to the wells containing polymerized basement membrane 469 

matrix in the 96 well plate. 470 

 471 

9.9. Incubate the 96 well plate at 37 °C with 5% CO2 while preparation of the growth factors takes 472 

place. Preparation of growth factors also takes place under the laminar flow hood. 473 

 474 

9.10. Reconstitute growth factors (VEGF) in 2x the final desired concentration (4 ng/mL 475 

concentration for 2 ng/mL final concentration) and add 0.1 mL of growth factor-containing M199 476 

starvation medium on top of the 0.1 mL of M199 starvation medium with the cells. For non-VEGF-477 

treated wells, add 0.1 mL of M199 starvation medium on top of the 0.1 mL of M199 starvation 478 

medium with the cells. 479 

 480 

https://www.ncbi.nlm.nih.gov/


9.11. Incubate the 96 well plate for 6 h at 37 °C with 5% CO2.  481 

 482 

9.12. At the end of the incubation period, obtain images of each well with 4x magnification, using 483 

a brightfield microscope connected with a digital camera. 484 

 485 

9.13. Process images with software equipped with an “angiogenesis analyzer” plug-in19. Use 486 

three parameters, the number of nodes, number of junctions, and total sprout length, to 487 

compare the effects of miRNA treatment on angiogenesis.  488 

 489 

REPRESENTATIVE RESULTS: 490 

 491 

Gene expression analysis using RT-qPCR and gel electrophoresis 492 

Differential gene expression analysis using RT-qPCR demonstrated significant downregulation of 493 

the targeted genes CDK1, CDK4, and CDK6. CDK1 and CDK4/6 were shown to be instrumental for 494 

the G2/M and G1/S transitions, respectively. The performed analysis allowed direct comparison 495 

between individual miRs and combinatorial miR activity. The use of scramble siRNA with the 496 

transfecting agent permitted evaluation of any interference from the procedure on detected 497 

gene downregulation, which was minimal. The data were statistically analyzed using a two-tailed 498 

student’s t-test, and p < 0.05 was considered statistically significant (Figure 1). Prior to qPCR, the 499 

primer sequences were evaluated using primer-BLAST 500 

<https://www.ncbi.nlm.nih.gov/tools/primer-blast/> for single gene amplification. This was also 501 

confirmed by analyzing the amplification products through gel electrophoresis. A single band of 502 

DNA products was detected for each analyzed gene (Figure 1D), confirming single gene 503 

amplification. CDK6 single amplification was confirmed (data not shown). 504 

 505 

[Place Figure 1 here] 506 

 507 

Cell cycle distribution using flow cytometry 508 

Propidium iodide staining of cellular nucleic acids is a standard method to visualize cell 509 

population in different stages of the cell cycle by quantitation of DNA content. The combinatorial 510 

treatment of miR-143 and miR-506 halted the cell cycle at two checkpoints, G0/G1 and G2/M, as 511 

indicated through flow cytometric analysis (Figure 2).  512 

 513 

[Place Figure 2 here] 514 

 515 

Annexin V/PI apoptosis assay by flow cytometry 516 

Following transfection of A549 cells with miR-143 and miR-506, an apoptosis assay was 517 

performed using Annexin V and PI staining and flow cytometry. It was identified that the 518 

combinatorial treatment induced significant apoptosis at 24 h and 48 h timepoints. Compared to 519 

the negative controls, the fold-change of apoptotic cells was determined as detected by the 520 

Annexin V positive cells, due to the miR treatment as presented in Figure 3.  521 

 522 

[Place Figure 3 here] 523 

 524 

https://www.ncbi.nlm.nih.gov/tools/primer-blast/


Cell cycle antibody microarray 525 

Mechanistic responses to treatment can be identified through changes in protein expression. 526 

Differential expression was evaluated at a protein level of genes associated with the cell cycle 527 

pathway using a pathway-specific antibody microarray. Protein extracts were used for analysis 528 

from cells transfected with miR-143/506. The microarray analysis allowed for semi-quantitative 529 

analysis of ~60 cell cycle-associated proteins, with six replicates for each specific antibody. The 530 

approach allows a broader perspective of mechanistic behavior within a specific pathway, 531 

identification of molecular targets for further evaluation, and performing of analysis at the post-532 

translational level. Due to the semi-quantitative principle of the method, any results on specific 533 

genes need to be confirmed through western blotting. Indicatively, in this analysis, a decreased 534 

expression of proteins associated with cell cycle progression was detected. This included the 535 

targeted CDK1 and CDK4 at both 24 h and 48 h post-transfection (Figure 4A), as detected by 536 

qPCR.  537 

 538 

[Place Figure 4 here] 539 

 540 

RNA sequencing and pathway analysis using pathway analysis software 541 

Next-generation sequencing accurately analyzes gene expression at the RNA level. The method 542 

allows for identification of multiple gene changes through a single analysis (in this protocol, the 543 

analysis detected the expression of >18,000 genes). Due to the large number of detected genes, 544 

bioinformatics analysis was used for efficient determination of pathway behavior (Figure 4B). 545 

Software was then used (see Table of Materials) to predict G1/S and G2/M phase arrests and the 546 

downregulation of S phase initiation (Figure 4C). Furthermore, the RNA sequencing results can 547 

be compared to qPCR data. In this study, the RNA sequencing confirmed the findings from the 548 

qPCR analysis, indicating a downregulation of CDK1 (48%, p < 0.001, FDR < 0.001), CDK4 (68%, 549 

p < 0.001, FDR < 0.001), and CDK6 (71%,  < 0.001, FDR < 0.001) due to combinatorial miR-143 and 550 

miR-506 activity. Statistical analysis was performed by the EdgeR software used for calculation 551 

of the relative gene expression, calculating p values using Negative Binomial20,21. Bioinformatics 552 

analysis can be performed for the functional evaluation of miRNA activity and prediction of 553 

potential molecular targets, as illustrated in Figure 5. 554 

 555 

[Place Figure 5 here] 556 

 557 

Endothelial tube formation assay 558 

The in vitro endothelial tube formation assay is widely used to study angiogenesis and is reliable, 559 

automated, and quantifiable22.  Vascular endothelial growth factor (VEGF) is a well-known 560 

angiogenic growth factor23,24 and endothelial tube formation promoter. In this study, it was 561 

identified that the combinatorial treatment of miR-143 and miR-506 abrogates VEGF-induced 562 

angiogenesis. Indicative images of tube formation and the effects of treatment are presented in 563 

Figure 6. 564 

 565 

[Place Figure 6 here] 566 

 567 

FIGURE AND TABLE LEGENDS: 568 



 569 

Figure 1: Relative expression of CDK1, CDK4, and CDK6 genes as detected by qPCR, and gel 570 

electrophoresis analysis of the DNA amplification products. miR-143 and miR-506 transfection 571 

of A549 cells induced downregulation of CDK1 (A), CDK4 (B), and CDK6 (C) downregulation at 24 572 

h and 48 h post-transfection. DNA amplification products were evaluated by gel electrophoresis 573 

(D) to confirm single gene amplification. GAPDH was used as reference gene. Average ± SEM, *p 574 

< 0.05; **p < 0.01, two-tailed t-test. This figure has been modified from Hossian et al.11 575 

 576 

Figure 2: Cell cycle analysis of A549 cells transfected with miR-143 and miR-506 at 24 h and 48 577 

h post-transfection. Cell populations percentages for each cell cycle were determined by flow 578 

cytometry and DNA-binding propidium iodide. Average ± SEM. This figure is reprinted with 579 

modifications from Hossian et al.11 580 

 581 

Figure 3: Illustrative analysis of apoptotic cells. Transection with miR-143 and miR-506 increased 582 

the percent of Annexin V positive A549 cells. Average ± SEM. *p < 0.05, **p < 0.01, two-tailed t-583 

test. This figure has been modified from Hossian et al.11 584 

 585 

Figure 4: Gene dysregulation as detected by microarray and RNA sequencing analysis. (A) 586 

Heatmap of cell cycle pathway gene expressions as detected by microarray analysis in protein 587 

extracts from A549 cells transfected with miR-143 and miR-506, at 24 h and 48 h post-588 

transfection. (B) Fold change of cell cycle pathway gene expressions from A549 cells transfected 589 

with miR-143 and miR-506 at 24 h post-transfection as detected by RNA sequencing. (C) Pathway 590 

activity as analyzed by pathway analysis software from data obtained from RNA sequencing. This 591 

figure has been modified from Hossian et al.11 592 

 593 

Figure 5: Illustrative pathway and mechanistic analysis as presented by pathway analysis 594 

aoftware. RNA sequencing data was analyzed from A549 cells transfected with miR-143 and miR-595 

506, 24 h post-transfection, using pathway analysis software and identified canonical pathways 596 

with the lowest (A) or highest (B) activation score. The software also provided predicted functions 597 

(C) and potential upstream regulators/targets (D). This figure is reprinted from Hossian et al.11 598 

 599 

Figure 6: Representative images of endothelial sprouts of VEGF-treated vs. non-treated 600 

HUVECs transfected with scramble miRNA, miRNA-143, miRNA-506, or a combination thereof. 601 

Pictures were obtained under a brightfield microscope equipped with a digital camera under 4x 602 

magnification. 603 

 604 

Table 1: Materials for cDNA synthesis from RNA samples. Required quantities of respective 605 

ingredients to prepare a master mix for one sample for cDNA synthesis. 606 

 607 

Table 2: Materials for quantitative real-time PCR from cDNA samples. Required quantity of 608 

ingredients to prepare a master mix for one sample for qPCR. 609 

 610 

DISCUSSION: 611 

 612 



miRNAs can operate as targeted therapies for cancer treatment, recognizing the dysregulation 613 

of expression levels in diseased vs. normal tissues. This study aimed to determine miRNAs that 614 

potentially halt cell cycle progression during multiple stages. It was identified that miR-143 and 615 

miR-506 halt the cell cycle of cancer cells, and the presented protocols aimed to comprehend the 616 

activity of this combinatorial miRNA treatment.  617 

 618 

The described methodologies provide an overarching understanding on the function of miRNAs. 619 

The challenges of studying miRNAs are associated with their capacity to target multiple genes 620 

and thus affect multiple pathways. The described qPCR analysis allows identification of the 621 

expression of specific genes of interest, if specific targets are identified prior to treatment. For 622 

example, the main focus here was the expression of CDK1 and CDK4/6 and the cell cycle.  623 

 624 

Thus, cell cycle analysis using propidium iodide and flow cytometry protocol is a reliable approach 625 

to detect alterations in the cell populations according to their stage in the cell cycle. The method 626 

relies on the proportionate increase of fluorescence signal by the PI, which binds to DNA, and the 627 

stage of the cell cycle. Briefly, cells in the S phase synthesize DNA, inducing higher signals than 628 

cells in the G0/G1 phase, and cells in the G2 phase have duplicated their DNA, producing the 629 

most intense signal.  630 

 631 

Accumulating evidence indicates the connection of damage to the cell cycle and triggering of 632 

apoptosis25. The flow cytometry method using Annexin VI/PI has consistently been used for the 633 

identification of induced apoptosis in cells from chemotherapy treatment. Indicatively, a strong 634 

apoptotic response was identified due to the combinatorial miRNA therapy, which was more 635 

potent compared to the individual miRNAs. 636 

 637 

The semi-quantitative protein antibody microarray is a sensitive and reliable method to identify 638 

protein expression alterations related to specific biological responses26,27. This protocol used a 639 

cell cycle pathway-specific antibody microarray, which detected expression changes in ~60 genes 640 

between treated and untreated cells. Caution is required during the washing steps to ensure that 641 

the process has been thoroughly performed and to minimize the background signal. Additionally, 642 

the slides should not become dry until completion of the experiment. 643 

 644 

In contrast, RNA sequencing provides quantitative gene expressions analysis of multiple genes, 645 

at the post-transcription level. The significantly large number of analyzed genes (>18,000 for 646 

RNA-seq vs. 60 for microarray) allows for the simultaneous analysis of multiple pathways and 647 

molecular targets, and with increased accuracy. Such broad analysis is important, as a single 648 

miRNA can bind to and target different mRNAs. In contrast, the pathway analysis of large 649 

numbers of gene dysregulations is inherently challenging. For example, although the RNA 650 

sequencing confirmed our qPCR data regarding CDK1 and CDK4/6 downregulation due to the 651 

miRNA treatment, the analysis also provided data on thousands of genes that were also down-652 

or up-regulated. To provide context to such numerous gene dysregulations, pathway analysis 653 

software was used to determine overall effects of the treatment on different pathway and 654 

cellular functions. Indicatively, the software provided scores representative to activation 655 



(positive z score) or inactivation (negative z score) of specific functions or pathways, as well as 656 

statistical significance of the analysis (Figure 5)28.  657 

 658 

In conclusion, the study of miRNA activity is a challenging procedure. The inherent capacity of 659 

miRNAs to affect multiple genes requires the utilization of multiple elaborate and complicated 660 

analytical methods to identify potential activity. Not surprisingly, further work is required to fully 661 

comprehend the activities of miR-143 and miR-506 in lung cancer. 662 
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Ingredients Quantity (µL)/sample (20 µL)

5X cDNA Master mix 4

dNTPs 2

Random hexamers 1

RT enhancer 1

Verso enzyme mix 1

DNase and RNase free water Required qty after adding RNA to make 20 µL
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Ingredients Quantity (µL)/sample (20 µL)

SYBR master mix 10

Forward Primer - 10 μM 2

Reverse Primer - 10 μM 2

DNase and RNase free water 3

cDNA sample 3
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Name of Material/ Equipment Company
-80 °C Freezer VWR
96 well plate CELLTREAT Scientific 
96-well Microwell Plates  Thermo Scientific
A549 Non Small Cell Lung Cancer Cells ATCC
Agarose VWR
Agilent 2100 Bioanalyzer Agilent Technologies
Ambion Silencer Negative Control No. 1 siRNA Ambion
Antibiotic-Antimycotic Solution (100x) Gibco
Antibody Array Assay Kit, 2 Reactions Full Moon Bio
Bright field microscope  Microscoptics 
Bright field microscope  New Star Environment LLC
Cell Cycle Antibody Array, 2 Slides Full Moon Bio
Cell Logic+ Biosafety Cabinate Labconco
Cellquest Pro BD bioscience
CFX96 Real Time System BioRad
Chemidoc Touch Imaging System BioRad
CO2 Incubator Thermo Scientific
Cultrex Reduced Growth Factor Basement Membrane Matrix Trevigen
Digital Camera AmScope 
DMEM 4.5 g/L Glucose, w/out Sodium Pyruvate, w/ L-Glutamine VWR
DNAse I Zymo Research
Endothelial Cell Growth Supplement (ECGS) BD Biosciences
Eppendorf Pipette Pick-A-Pack Sets Eppendrof
Ethanol, Absolute (200 Proof), Molecular Biology Grade, Fisher BioReagents
Ethidium bromide Alfa acar
F-12K Nutrient Mixture (Kaighn's Mod.) with L-glutamine, Corning Corning
FACS Calibur Flowcytometer Becton Dickinson
Fetal Bovine Serum - Premium Antlanta Biologicals
Fetal Bovine Serum (FBS) Fisher Scientific
Fisherbrand Basix Microcentrifuge Tubes with Standard Snap Caps Fisherbrand Basix
Forma Series II water Jacket CO2 incubator Thermo Scientific
Heparin Solution (5000 U/mL) Hospira
Horixontal Electrophoresis system Benchtop lab system
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hsa-miR-143-3p miRNA Mimic ABM
hsa-miR-506-3p miRNA Mimic ABM
Human Recombinant Vascular Endothelial Growth Factor (VEGF) Thermo Scientific
Human Umbilical Vein Endothelial Cells (HUVEC) Individual donors
HyClone Phosphate Buffered Saline (PBS) Fisher Scientific
Ingenuity Pathway Analysis Qiagen
Invitrogen UltraPure DNase/RNase-Free Distilled Water Invitrogen
Lipofectamine 2000 Invitrogen
Loading dye 10X ward's science+
Medium M199 (with Earle′s salts, L-glutamine and sodium bicarbonate) Sigma Aldrich
Microscope Digital Camera AmScope 
Modfit LT Verity Software
Nanodrop Thermo Scientific
Opti-MEM Gibco by life technologies
Penicillin-streptomycin 10/10 Antlanta Biologicals
Power UP sybr green master mix Applied Biosystems
Propidium Iodide MP Biochemicals LLC
Proscanarray HT Microarray scanner Perkin elmer
q PCR optical adhesive cover Applied Biosystems
Quick-RNA Kits Zymo Research
Ribonuclease A from Bovine pancreas Sigma
ScanArray Express PerkinElmer
Shaker Thermo Scientific
SimpliAmp Thermal Cycler Applied Biosystems
SpectraTube Centrifuge Tubes 15ml VWR
SpectraTube Centrifuge Tubes 50ml VWR
TBS Buffer, 20x liquid VWR
Temperature controlled  centrifuge matchine Thermo Scientific
Temperature controlled micro centrifuge matchine Eppendrof
Thermo Scientific BioLite Cell Culture Treated Flasks Thermo Scientific
Thermo Scientific Pierce BCA Protein Assay Thermo Scientific
Thermo Scientific Pierce RIPA Buffer Thermo Scientific
Thermo Scientific Thermo-Fast 96-Well Full-Skirted Plates Thermo Scientific
Thermo Scientific Verso cDNA synthesis Kit (100 runs) Thermo Scientific



Ultra Low Range DNA Ladder Invitrogen
VWR standard solid door laboratory refrigerator VWR



Catalog Number
VWR40086A
50-607-511
12-556-008
ATCC CCL-185
0710-25G
G2938c
AM4611
15240-062  
KAS02
IV-900

ACC058
342391100
Steps 5.14; 6.13: Used for calculating the population distrubution according to the cell cycle  phase and for  calculating the population 
CFX96 Optics Module
Chemidoc Touch Imaging System
HERAcell 150i
3433-010-01
FMA050
VWRL0100-0500
E1010
356006
05-403-152
BP2818500
L07462
45000-354

S11150
10438026
02-682-002

NDC#63739-920-11
BT102



MCH01315
MCH02824
PHC9394  
IRB# A15-3891
SH30256FS
Results: Used for bioinformatics pathway analysis
10-977-015
11-668-027
470024-814
M4530
MU130
Step 5.15: Alternative software for analysis of cell cycle population distributions
NanoDrop one C
31985-070
B21210
A25780
IC19545825
ASCNPHRG. We used excitation laser wavelength at 543 nm.
4360954
R1055
R6513-50MG
Step 7.33: Microarray analysis software
2314

470224-998
470225-004
10791-796
ST16R
5415R
12-556-009
PI23225
PI89900
AB0800WL
AB1453B
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ARTICLE AND VIDEO LICENSE AGREEMENT 

4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 

11. Indemnification.  The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 

12. Fees.  To cover the cost incurred for publication, JoVE
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 

13. Transfer, Governing Law.  This Agreement may be
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   
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RESPONSE TO REVIEWERS’ COMMENTS 

 

We thank the reviewers for their time, effort and for their insightful comments. We have revised our manuscript 

according to their suggestions. Following each of the reviewers’ comments (in italics), we present our specific 

responses. 

Editorial and production comments: 

Note the change in numbering (only the protocol should be numbered). 

1. Please include comments in the Table of Materials so its clear which software is used for which analysis step 

(6.13, 7.33, 9.13).  

Corrected 

 

2. 1.5: 4 mL culture media, as appears to be the case in the video? 

Corrected. Information added to the text protocol 

 

3. 1.9: Steps 2 and 3 are mentioned here, but don’t appear to be correct (even in the original numbering).  

Corrected 

 

4. 2: The bench is being sprayed down in the video; is this important for the protocol (e.g., if an RNAse inhibitor 

is being used)? Please mention in the written protocol if so.  

Added to the protocol 

 

5. 2.5: How fast and how long do you centrifuge? 

 Information added 

 

6. 2.12: Is this referring to section 8? This appears to be the case in the 7. Section 3: How is analysis done here?  

This line was removed from the protocol, as it is explained in section 8. 
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8. 7: The order in the video is confusing-rinsing with deionized video is shown after what appears to be 

incubation in the coupling chamber but is before this step in the written protocol. Please clarify.  

We added this information at step 7.26, which should better align with the video.  There are multiple 

washing steps in this protocol. We included a clarification that ddH20 is the washing media, when not 

mentioned otherwise.   

 

9. 7.32: Which wavelengths? 

 Information added 

 

10. 8.5: The bioanalyzer does not appear to be in the Table of Materials. 

 Information added 

 

11. 8.7-8.8: Please provide more details or references here.  

References added 

 

12. 8: Pathway analysis is mentioned in the heading, but is not detailed in the protocol itself.  

The heading was corrected and the protocol section removed. The pathway analysis was part of a 

service. Indicative figure 5 demonstrates the potential analysis of the RNA -seq relative expression data.  

 

13. Results, RNA sequencing…: Do you have any idea of the statistical tests done here?  

Appropriate references were added. 
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to the material. If material is not included in the article’s Creative Commons license and your intended 

use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
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