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SUMMARY 20 
This protocol uses a probe-based real-time polymerase chain reaction (PCR), a sulforhodamine B 21 
(SRB) assay, 3’ untranslated regions (3’ UTR) cloning, and a luciferase assay to verify the target 22 
genes of a miRNA of interest and to understand the functions of miRNAs. 23 
 24 
ABSTRACT 25 
MicroRNAs (miRNAs) are small regulatory RNAs which are recognized to modulate numerous 26 
intracellular signaling pathways in several diseases including cancers. These small regulatory 27 
RNAs mainly interact with the 3’ untranslated regions (3’ UTR) of their target messenger RNAs 28 
(mRNAs) ultimately resulting in the inhibition of decoding processes of mRNAs and the 29 
augmentation of target mRNA degradations. Based on the expression levels and intracellular 30 
functions, miRNAs are able to serve as regulatory factors of oncogenic and tumor-suppressive 31 
mRNAs. Identification of bona fide target genes of a miRNA among hundreds or even thousands 32 
of computationally predicted targets is a crucial step to discern the roles and basic molecular 33 
mechanisms of a miRNA of interest. Various miRNA target prediction programs are available to 34 
search possible miRNA-mRNA interactions. However, the most challenging question is how to 35 
validate direct target genes of a miRNA of interest. This protocol describes a reproducible 36 
strategy of key methods on how to identify miRNA targets related to the function of a miRNA. 37 
This protocol presents a practical guide on step-by-step procedures to uncover miRNA levels, 38 
functions, and related target mRNAs using the probe-based real-time polymerase chain reaction 39 
(PCR), sulforhodamine B (SRB) assay following a miRNA mimic transfection, dose-response curve 40 
generation, and luciferase assay along with the cloning of 3’ UTR of a gene, which is necessary 41 
for proper understanding of the roles of individual miRNAs. 42 
 43 
INTRODUCTION 44 
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MicroRNAs (miRNAs) are the small regulatory RNAs that mainly modulate the process of 45 
translation and degradation of messenger RNAs (mRNAs) by reacting to the 3’ untranslated 46 
regions (3’ UTR) in bona fide target genes1. Expression of miRNAs can be regulated by 47 
transcriptional and post-transcriptional mechanisms. The imbalance of such regulatory 48 
mechanisms brings uncontrolled and distinctive miRNAs expression levels in numerous diseases 49 
including cancers2. A single miRNA can have multiple interactions with diverse mRNAs. 50 
Correspondingly, an individual mRNA can be controlled by various miRNAs. Therefore, 51 
intracellular signaling networks are intricately influenced by distinctively expressed miRNAs by 52 
which physiological disorders and diseases can be initiated and deteriorated2-6. Although the 53 
altered expression of miRNAs has been observed in various types of cancers, the molecular 54 
mechanisms that modulate the manners of cancer cells in conjunction with miRNAs are still 55 
largely unknown. 56 
 57 
Accumulating evidence has been showing that the oncogenic or tumor-suppressive roles of 58 
miRNAs depend on the types of cancers. For example, by targeting forkhead box o3 (FOXO3), 59 
miR-155 promotes the cell proliferation, metastasis, and chemoresistance of colorectal cancer7,8. 60 
In contrast, the restriction of glioma cell invasion is induced by miR-107 via the regulation of 61 
neurogenic locus notch homolog protein 2 (NOTCH2) expression9. The assessment of miRNA-62 
target interactions in connection with miRNA functions is an indispensable part to better 63 
understand how miRNAs regulate various biological processes in both healthy and diseased 64 
states10. In addition, the discovery of bona fide target(s) of miRNAs can further provide a fine-65 
tuned strategy for a miRNA-based therapy with various anti-cancer drugs. However, the main 66 
challenge in the field of miRNAs is the identification of direct targets of miRNAs. Here, detailed 67 
methods are presented as reproducible experimental approaches for the miRNA target gene 68 
determination. Successful experimental design for the miRNA target identification involves 69 
various steps and considerations (Figure 1). Comparison of mature miRNA levels in tumor cells 70 
and normal cells can be one of the common procedures to select a miRNA of interest (Figure 1A). 71 
The functional study of a selected miRNA to detect the effects of a miRNA on cell proliferation is 72 
important to narrow down the list of best potential candidate targets of a miRNA of interest 73 
(Figure 1B). Based on the experimentally validated functions of miRNAs, a systematic review of 74 
literature and database in company with a miRNA target prediction program is required to search 75 
the most relevant information on gene functions (Figure 1C). The identification of real target 76 
genes of a miRNA of interest can be achieved by implementing experiments such as the luciferase 77 
assay along with the cloning of 3’ UTR of a gene, real-time PCR, and western blotting (Figure 1D). 78 
The goal of the current protocol is to provide comprehensive methods of key experiments, the 79 
probe-based real-time polymerase chain reaction (PCR), sulforhodamine B (SRB) assay following 80 
a miRNA mimic transfection, dose-response curve generation, and luciferase assay along with 81 
the cloning of 3’ UTR of a gene. The current protocol can be useful for a better understanding of 82 
the functions of individual miRNAs and the implication of a miRNA in cancer therapy. 83 
 84 
PROTOCOL 85 
 86 
1. Mature microRNA (miRNA) expression analysis 87 
 88 



   

1.1. Mature miRNA complementary DNA (cDNA) synthesis 89 
 90 
1.1.1. Add 254 ng of total RNA and 4.5 µL of deoxyribonuclease I (DNase I) mixtures, and then 91 
add ultrapure water into PCR strip-tubes to make up to 18 µL (Figure 2A). Prepare the reaction 92 
for each total RNA sample purified from several cell lines using enough amount of DNase I 93 
mixtures based on the total number of reactions. 94 
 95 
NOTE: DNase I mixtures are composed of DNase I (1.8 µL), ribonuclease inhibitor (0.3 µL), and 25 96 
mM MgCl2 (2.4 µL). To reproducibly procure total RNA, a column-based extraction method was 97 
applicated instead of using a phenol-chloroform based extraction method. It was reported that 98 
the extraction yield of some miRNAs can be varied depending on the number of cells when using 99 
a phenol-chloroform based extraction method11,12. 100 
 101 
1.1.2. Incubate the tubes in a thermal cycler. Run the tubes for 10 min at 37 °C, and heat-102 
inactivate DNase I by 5 min incubation at 90 °C. Immediately place the tubes on ice after 103 
incubation. 104 
 105 
1.1.3. Transfer 7.1 µL of DNase I treated total RNA into 2 sets of new tubes and then add 1.5 µL 106 
of antisense primers for the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene (Figure 107 
2B).  108 
 109 
NOTE: The amount of total RNA for cDNA synthesis becomes 100 ng at this step. The stock 110 
concentration of GAPDH antisense primers is 10 µM. Adding GAPDH antisense primers is for the 111 
generation of GAPDH cDNAs using a gene-specific primer method. 112 
 113 
1.1.4. Incubate the tubes using a thermal cycler. Start at 80 °C for 5 min followed by the reaction 114 
at 60 °C for 5 min. Immediately place the tubes on ice after incubation. 115 
 116 
1.1.5. Add 3.4 µL of reverse transcription (RT) enzyme mixtures in each reaction (Figure 2B). RT 117 
enzyme mixtures are composed of 100 mM deoxyribonucleotide triphosphates (0.15 µL), 10x RT 118 
buffer (1.5 µL), ribonuclease inhibitor (0.75 µL), and reverse transcription enzyme (1 µL). Prepare 119 
enough amount of mixtures based on the total number of reactions. 120 
 121 
1.1.6. Add 3 µL of 5x RT primers for a specific miRNA in each reaction (Figure 2B).  122 
 123 
NOTE: Total volume is 15 µL for each reaction. 124 
 125 
1.1.7. Run the tubes using a thermal cycler. Start at 16 °C for 30 min followed by the reaction at 126 
42 °C for 30 min, and finally at 85 °C for 5 min. Hold at 4 °C for any remaining time (Figure 2B). 127 
Single-stranded cDNAs are generated in this step for both a specific miRNA and GAPDH gene in 128 
the same tube. 129 
 130 
1.2. Real‐time polymerase chain reaction (PCR) and data analysis 131 
 132 



   

1.2.1. Dilute each cDNA with ultrapure water at 1:49 ratio. 133 
 134 
1.2.2. Prepare the reaction mixtures for a specific miRNA and GAPDH (Table 1). For the detection of 135 
a specific miRNA and GAPDH, set up triplicate reactions for each cDNA sample. 136 
 137 
1.2.3. Perform the real-time PCR and data analysis (Figure 2C). Analyze data using the 138 
comparative CT method13,14. 139 
 140 
2. MicroRNA (miRNA) mimic transfection 141 
 142 
NOTE: miRNA-107 is selected from step 1. Since miRNA-107 is down-regulated in tumor cells 143 
compared with normal cells, it can be speculated that miRNA-107 is a tumor suppressive miRNA. 144 
In the case of a miRNA which is up-regulated in tumor cells compared with normal cells (e.g., 145 
miRNA-301), antisense oligonucleotides against miRNA-301 can be applied for steps 2, 3, and 4.  146 
 147 
2.1. Count the cells with a counting-chamber device and plate the cells in a 96-well plate. Cell 148 
density is 2 x 103 cells/100 µL for each well. Do not use cell culture media containing penicillin-149 
streptomycin (P/S) because P/S can reduce the transfection efficiency. 150 
 151 
2.2. Prepare a set of transfection mixtures to transfect the cells at several final concentrations 152 
of miRNA control mimic and miRNA-107 mimic on the next day (Figure 3). 153 
 154 
2.2.1. From the stock (25 μM concentration) of miRNA control mimic or miRNA-107 mimic, 155 
dilute and add corresponding amount of control mimic or miRNA-107 mimic in the reduced-156 
serum media along with a transfection reagent using microcentrifuge tubes (Figure 3A). Gently 157 
mix the oligo containing mixtures using a micropipette. The total amount of oligos (miRNA mimic 158 
control + miRNA-107 mimic) should be same in each well. Blank wells include 100 µL of cell 159 
culture media and reduced-serum media containing a transfection reagent without cells. 160 
 161 
2.3. After a 10 min incubation in a cell culture hood, gently mix the oligo containing mixtures 162 
again and then add 50 μL of the mixtures into each well. Keep the transfected cells in a cell culture 163 
incubator. Replace the transfection reagent containing media with the fresh cell culture media 164 
containing both fetal bovine serum (FBS) and P/S after 6-12 h incubation. Further incubate the 165 
cells for 72 h. The total treatment duration of miRNA mimic is 96 h. 166 
 167 
3. Sulforhodamine B (SRB) assay 168 
 169 
3.1. Cell fixation 170 
 171 
3.1.1. Remove the cell culture media in each well of the plate and promptly fill 100 μL of 10% 172 
trichloroacetic acid (TCA) into each well. Carefully aspirate the cell culture media from each well 173 
to avoid any cell damage and detachment from the bottom. 174 
 175 
NOTE: Prepare 40% TCA by adding 20 g of TCA powder into 50 mL of distilled water. From 40% 176 



   

TCA, make 10% TCA by diluting 40% TCA with distilled water at a 1:3 dilution ratio. 177 
 178 
3.1.2. Keep the plate containing 10% TCA in a refrigerator (4 °C) for 1 h. 179 
 180 
3.1.3. Wash the plate several times by submerging into the water tub and dry it. Remove excess 181 
water from inside of wells by tapping the plate until there is no water left in wells. Leave the plate 182 
on a laboratory bench to dry it before going to the next step. 183 
 184 
3.2. Cell staining 185 
 186 
3.2.1. Pipette 50 μL of 0.4% SRB solution into each well including blank wells. Gently shake the 187 
plate until 0.4% SRB solution consistently covers the bottom of wells. 188 
 189 
NOTE: Prepare and use 0.4% SRB solution by adding 0.4 g of SRB powder into 100 mL of 1% acetic 190 
acid. Shake the solution carefully to mix it. Wrap the bottle of 0.4% SRB solution in a light 191 
protective material such as aluminum foil. Store 0.4% SRB solution in a refrigerator. 192 
 193 
3.2.2. After incubation for 40 min to 60 min, wash the plate by rinsing it with 1% acetic acid. 194 
Wash the plate until the unbound dye is totally washed away (Figure 3B). 195 
 196 
3.2.3. Leave the plate on a laboratory bench to dry it before going to the next step. 197 
 198 
NOTE: The plate should be entirely dried before going to step 3.3. 199 
 200 
3.3. Absorbance measurement 201 
 202 
3.3.1. Pipette 100 μL of Tris base solution (10 mM) into the corresponding wells including blank 203 
wells. Keep the plate on a shaker for 10 min. Measure the absorbance at 492 nm. 204 
 205 
4. Generation of a dose-response curve 206 
 207 
4.1. Analyze the SRB assay data in a spreadsheet. Subtract the blank absorbance from the 208 
absorbance values of each group and calculate the average (AVE) and standard deviation (STD) 209 
of absorbance values of each group. 210 
 211 
4.2. Calculate the percentage of average absorbance (AVE%) and that of standard deviation 212 
(STD%) of each group using absorbance values of the SRB assay. 213 
 214 
NOTE: The AVE% of miRNA control mimic treated group is 100%. Calculate the STD% using the 215 
following formula: STD% = (STD of each group / AVE absorbance of control mimic treated group) 216 
x 100. 217 
 218 
4.3. Import the raw data including treatment concentrations, AVE%, and STD% into the 219 
software by vertically aligning those data. Since Log 0 is not defined, set the first concentration 220 



   

of X axis to a value that is close to 0 (e.g., 0.01). 221 
 222 
4.4. Click Create graph tab and choose Simple scatter-error bars. Select Worksheet columns 223 
as symbol values and click Next. In the data format panel, select XY pairs and click Next. Select 224 
corresponding data columns in the select data panel. Click Finish button to create the plot. 225 
 226 
NOTE: The X axis represents the concentrations, the Y axis indicates the percentage of average 227 
absorbance of each concentration (AVE%), and the error bars point out the percentage of 228 
standard deviation of each concentration (STD%). 229 
 230 
4.5. Double-click on the X axis to modify the type of scale and the scaling of axis. Change the 231 
type of scale from linear to log. Modify the start and end range number to 0.01 and 200, 232 
respectively. 233 
 234 
4.6. Right-click on any scatter plot, choose Curve fit, and go to the sub-category User- defined. 235 
Select Dose-response curve, click Next buttons, and then click Finish button. The dose-response 236 
curve is now generated along with a report tab (Figure 4A). 237 
 238 
4.6.1. To input Equation 1 in the software for the generation of a dose-response curve, click the 239 
Analysis tab and select Regression wizard. Go to User-defined in the equation category and then 240 
click the New button. Insert Equation 1, variables, initial parameters, and constraints into the 241 
corresponding blank boxes (Figure 4B, C). Click Add as button and set the name of the equation 242 
as Dose-response curve. The equation name is now generated in the sub-category User-defined 243 
in the equation category. f indicates the percentage of cell viability (% cell viability) in Equation 244 
1. 245 
Equation 1 246 

f = (y0 − R) × (1 −
𝑥𝑛

𝑘𝑛+ 𝑥𝑛
) + R 247 

 248 
4.7. Go to the report tab and then check the n, k, and R values. 249 
 250 
NOTE: y0 indicates 100% cell viability of miRNA control mimic treated group, n indicates the Hill-251 
type coefficient (the slope of a plot), k indicates the concentration of miRNA-107 mimic that 252 
produces a 50% of the miRNA-107 mimic’s maximum effect (the half maximal inhibitory 253 
concentration, IC50), and R indicates the residual unaffected fraction (the resistance fraction)15. 254 
The equation used to generate a dose-response curve recognizes the range from y0 to R value (if 255 
any) as 100% (Figure 4A). Therefore, it is necessary to acquire the adjusted k (IC50) value that is 256 
calculated based on the range from y0 to a value of zero (Figure 4A). Adjusted k (IC50) along with 257 
other ICx values (e.g., IC10 through IC90) can be obtained using Equation 2, which is derived from 258 
Equation 1. The derivation of Equation 2 from Equation 1 is indicated in Supplementary Figure 1. 259 
Equation 2 260 

𝑥 = 𝑘 × √
y0 − 𝑓

𝑓 − 𝑅

𝑛

 261 



   

 262 
4.8. Double-click the left mouse button on the cell in which Equation 2 is applied. Using 263 
Equation 2 and parameters from the generated dose-response curve, it is available to calculate 264 
the adjusted values of ICx, ranging from IC10 to IC90 (Figure 4D). 265 
 266 
4.9. Input the equal sign followed by the formula beginning with a bracket in the cell. When 267 
entering the formula, fix the value of n, k, and R as the absolute cell references by adding the 268 
dollar sign to the corresponding column and row, so that these fixed values will not be changed 269 
when auto-filling the formula down to the rows (Figure 4D). Alternatively, adjusted values can be 270 
manually calculated using Equation 2. 271 
 272 
NOTE: IC90 value is not determined because the R value is greater than 10. In addition, if R value 273 
is above 20, the value of IC80 is also not determined (Figure 4D). 274 
 275 
5. Verification of the direct target gene of a microRNA of interest 276 
 277 
NOTE: After performing the functional experiment such as the SRB assay, miRNA-107 is 278 
confirmed as a tumor suppressive miRNA and it is highly feasible that miRNA-107 directly targets 279 
oncogenes. Check the list of all predicted target genes using a miRNA target prediction program 280 
such as TargetScan (http://www.targetscan.org/vert_71/), and then narrow down to potential 281 
candidate targets based on the function of a gene in databases including PubMed and GeneCards. 282 
 283 
5.1. Primer design for the cloning of 3’ untranslated region (UTR) 284 
 285 
5.1.1. Put the name of a gene in GeneCards (https://www.genecards.org/) and click Symbol of 286 
a gene. Assess to Ensembl genome browser by clicking Ensembl ID of a gene and then click 287 
Transcripts ID in the transcript table. After that, click Exons existed in the Transcript-based 288 
displays list on the left. 289 
 290 
5.1.2. Copy the nucleotide sequences of the 3’ UTR and paste it into the primer design program. 291 
Copy the sequences again from this program and paste it into a word processor. Check the 292 
presence of miRNA binding sequences as well as the presence of restriction enzymes sites used 293 
for the cloning.  294 

 295 
NOTE: If there are no restriction enzyme recognition sites within the 3’ UTR, the restriction 296 
enzymes selected for the cloning can be used for the next step. 297 
 298 
5.1.3. In the primer design program, accept the 3’ UTR sequences and start to design the 299 
forward and reverse primers with the following condition. Length: 20-30 nucleotides, Tm:  45-58 300 
°C, GC%: 40-60%. The difference between the Tm values of the two primers should be less than 301 
5 °C. The primer sequences used in this study are provided in Supplementary Figure 2. Add 302 
restriction enzyme recognition sequences as well as 4 random nucleotides to the designed 303 
primers. 304 
 305 



   

5.2. Gradient PCR 306 
 307 
5.2.1. Prepare 25 µL of PCR reaction mixtures including designed primers per one annealing 308 
temperature (Table 2). Prepare enough amount of mixtures based on the total number of 309 
reactions. Mix the solution by pipetting and add 25 µL of reaction mixtures into each tube. 310 
Centrifuge the tubes for few seconds. 311 
 312 
5.2.2. Perform 35-40 PCR cycles from denaturation step to extension step. Set up the PCR cycle 313 
as the following steps: 98 °C for 1 min (1 cycle, polymerase activation step), 95 °C for 10 s 314 
(denaturation step), 45 °C-68 °C for 30 s (annealing step), 68 °C (extension step, 10 s-1 min per 315 
1000 bp), 68 °C for 3 min (termination step), and finally cool down to 4 °C.  316 
 317 
5.2.3. Run the PCR products and check bands on a 1% agarose gel with DNA ladders. Find the 318 
best annealing temperature (Figure 5A). Amplify 3’ UTR of a gene again using the best annealing 319 
temperature for the next step. 320 
 321 
5.3. Double digestion 322 
 323 
5.3.1. Make the reaction mixtures including two restriction enzymes, XhoI (or AsiSI) and NotI, in 324 
a tube (Table 3). Incubate the mixtures for 3-4 h using a water bath (37 °C). 325 
 326 
5.3.2. Run the double digested products on a 1% agarose gel and then cut the bands under UV 327 
light. In the case of luciferase vectors, before running on a gel, react double digested vectors with 328 
10 U of alkaline phosphatases for another 1 h to prevent a recircularization during the ligation 329 
step. 330 
 331 
5.3.3. Purify the double digested PCR products and luciferase vectors from the excised bands. 332 
 333 
5.4. Ligation of PCR products into the luciferase vectors 334 
 335 
5.4.1. Make 20 μL of ligation reaction mixtures including the DNA ligase (Table 4).  336 
 337 
NOTE: The molar ratio of PCR product (insert) to luciferase vector can be 3:1. 1:1 or 2:1. 338 
 339 
5.4.2. Briefly centrifuge the tube for 10-15 s and incubate at 16 °C overnight using a thermal 340 
cycler. 341 
 342 
NOTE: Alternatively, the tube can be incubated at 4 °C for 2-3 days for the ligation. In this step, 343 
the PCR insert will be cloned into the region positioned downstream of a renilla reporter gene 344 
(Figure 5B). Binding of miRNAs into the cloned 3’ UTR of a gene can decrease in the renilla activity. 345 
Firefly luciferase is for the normalization of renilla expression levels. 346 
 347 
5.5. Transformation and colony PCR 348 
 349 



   

5.5.1. Add the ligation mixtures (3-5 μL) into the tube containing competent cells. Gently tap 350 
the tube and keep it on ice (20 min).  351 
 352 
NOTE: Unfreeze competent cells on ice before adding the ligation mixtures. 353 
 354 
5.5.2. Quickly and gently transfer the tube to a heat block.  Following a heat-shock (42 °C for 30 355 
s-1 min), place the tube on ice for 20 min. 356 
 357 
5.5.3. Spread competent cells on the Luria-Bertani (LB) agar plate. Grow competent cells in an 358 
incubator (37 °C) overnight. 359 
 360 
NOTE: Ampicillin (50-100 µg/mL) is contained in the agar plate. 361 
 362 
5.5.4. Pick an individual colony and resuspend E. coli in one of the 8-strip tubes containing 363 
ultrapure water. Repeat this step to resuspend E. coli from randomly selected 4-8 colonies (Figure 364 
5C). 365 
 366 
5.5.5. Transfer 25 μL of E. coli suspension into another set of 8-strip tubes. Now, there are 2 sets 367 
of tubes of E. coli suspension. 368 
 369 
NOTE: One tube is for colony PCR and another one is for inoculation. E. coli suspension for 370 
inoculation can be temporarily stored at 4 °C (Figure 5C). 371 
 372 
5.5.6. Perform the colony PCR using E. coli suspension. This step is to determine if the colonies 373 
contain an insert. Select the best colonies to inoculate and isolate luciferase vectors harboring 3’ 374 
UTR of a gene (Figure 5C).  375 
 376 
NOTE: Repeat step 5.1-5.5 for each 3’ UTR of selected genes. Follow the condition of PCR reaction 377 
shown in Table 2 by replacing the genomic DNA with E. coli suspension. 378 
 379 
5.6. Luciferase assay 380 
 381 
5.6.1. Prepare a 24-well plate. Use 1-2 x 104 cells in 500 μL cell culture media for each well. Do 382 
not use cell culture media containing P/S for the transfection because using P/S can reduce the 383 
transfection efficiency. 384 
 385 
5.6.2. Transfect 50 ng of luciferase vectors into the cells with control mimic or a specific miRNA 386 
mimic using a transfection reagent (Figure 5D). If screening the effects of a specific miRNA mimic 387 
at more than one concentration, keep the total amount of oligos same in each well (see step 2). 388 
 389 
5.6.3. Wash the inside of wells twice using phosphate buffered saline (PBS) on the next day. 390 
 391 
5.6.4. Apply 200 μL of lysis reagent into the wells and sufficiently carry out cell lysis before 392 
measuring the luciferase activity. 393 



   

 394 
NOTE: Keep the plate on a shaking plate at least 15 min. 395 
 396 
5.6.5. Transfer 5-10 μL of cell lysate into the new tube and add 100 μL of reagent I. Immediately 397 
mix the solution by pipetting and read the firefly luciferase activity using a luminometer. 398 
 399 
NOTE: Read the firefly luciferase activity for 10-15 s. 400 
 401 
5.6.6. Add 100 μL of reagent II in the same tube, and then mix by pipetting twice. Read the 402 
renilla luciferase activity for 10-15 s using a luminometer. Repeat step 5.6.5 and 5.6.6 for each 403 
sample. 404 
 405 
5.6.7. Calculate the ratio of renilla to firefly (Figure 5E). 406 
 407 
NOTE: The activity of firefly represents the transfection efficiency of luciferase constructs into 408 
the cells. 409 
 410 
REPRESENTATIVE RESULTS 411 
Successful and accurate confirmation of miRNA levels is important for the interpretation of data 412 
by which the classification of miRNAs is possible based on the anticipated roles of miRNAs in the 413 
development and progression of a disease. The levels of miRNA-107 and miRNA-301 were 414 
measured in three pancreas cell lines using the probe-based quantitative PCR. The synthesis of 415 
cDNAs of both a specific miRNA and a reference gene in the same reaction can increase the 416 
reproducibility of data. PANC-1 and CAPAN-1 are human pancreatic ductal adenocarcinoma cell 417 
lines, while HPNE is an immortalized pancreas duct cell line transduced with a retroviral 418 
expression vector harboring the human telomerase reverse transcriptase (hTERT) gene. miRNA-419 
107 was significantly reduced in PANC-1 and CAPAN-1 cells compared with HPNE cells (Figure 420 
2C). The levels of miRNA-301 were significantly up-regulated in PANC-1 and CAPAN-1 cells 421 
compared with HPNE cells. These results are in accordance with previous reports that miRNA-422 
107 is epigenetically inactivated in pancreatic cancer cells and that miRNA-301 levels are higher 423 
in pancreatic ductal adenocarcinoma cells than normal pancreatic ductal cells16,17. 424 
 425 
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay reflects cell 426 
metabolic activities. This feature has a significantly higher opportunity to acquire the lack of 427 
correlation between the MTT assay and the total cell number since the assay conditions including 428 
a kind of treatment reagents can severely affect the enzymatic reduction of tetrazolium18,19. To 429 
overcome this limitation, the sulforhodamine B (SRB) assay was applied to measure the effects 430 
of miRNA-107 on cell proliferation to identify the potential biological functions of miRNA-107. 431 
The amount of bound SRB dye in the fixed cells can be used as a surrogate of the change in total 432 
number of cells. The SRB assay in this study clearly demonstrates that the proliferation of PANC-433 
1 cells decreased following a miRNA-107 mimic transfection (Figure 3). The miRNA-107 434 
concentration that caused an inhibition of 50% cell viability (IC50) was determined by the 435 
generation of a dose-response curve. In addition, the application of Equation 2 is beneficial to 436 
calculate all possible inhibitory concentrations (ICx) for precisely evaluating the effects of miRNA-437 



   

107 (Figure 4). 438 
 439 
Examination of the correlation between miRNAs and mRNAs levels is an effective way for the 440 
miRNA target identification because miRNAs can regulate target gene levels via the degradation 441 
of mRNAs2,20. However, since miRNAs also act at the translational level without affecting the 442 
processes of mRNA degradation, the experimental validation of miRNA-target gene interactions 443 
using the luciferase assay is an essential step. The main advantage of a luciferase assay is that 444 
this assay can rule out the changes of mRNA levels regulated by the degradation of mRNAs21. 445 
Therefore, the cloning of 3’ UTR of predicted target genes is an important step to identify real 446 
target genes of a miRNA of interest in conjunction with real-time PCR and western blot 447 
experiments. An efficient utilization of the dual reporter vectors allows to acquire unambiguous 448 
experimental data since the measurement of control reporter levels can reduce the experimental 449 
variations such as the number of cells. Normalization processes of the luciferase assay data 450 
acquired from vectors containing 3’ UTR of a synuclein gamma (SNCG) gene is shown in Figure 451 
5E. In addition, the screening of 11 potential predicted targets of miRNA-107 clearly shows that 452 
only SNCG, a positive regulator of tumor cell growth22,23, directly interacts with miRNA-107 in 453 
PANC-1 cells (Figure 6). This finding indicates that miRNA-107 can negatively regulate the 454 
proliferation of PANC-1 cells by modulating the SNCG expression. 455 
 456 
FIGURE AND TABLE LEGENDS 457 
 458 
Figure 1: Experimental design for miRNA target identification. This diagram shows the flow of 459 
an experimental design which helps to identify the target of a miRNA. (A) The analysis of mature 460 
miRNA expression levels and the selection of a miRNA of interest. (B) Three experiments, such as 461 
the miRNA mimic transfection, SRB assay, and generation of a dose-response curve can be 462 
conducted for the functional study of selected miRNAs. (C) To narrow down candidate target 463 
genes of a miRNA of interest, it is beneficial to check the information and function of predicted 464 
target genes in target prediction programs, Pubmed, and GeneCard. (D) After detecting some 465 
potential candidate target genes of a miRNA of interest, it is feasible to conduct practical 466 
experiments such as the cloning of 3’ UTR of mRNAs, luciferase assay, real-time PCR, and western 467 
blot to finally prove the direct target genes of a miRNA of interest. 468 
 469 
Figure 2: Mature miRNA expression analysis. (A) Add total RNA from each cell line (PANC-1, 470 
CAPAN-1, and HPNE), DNase I mixtures, and ultrapure water into labeled strip-tubes. Total 471 
volume in each tube is 18 μL (PANC-1 and CAPAN-1 are pancreatic cancer cell lines, while HPNE 472 
is a normal pancreatic duct cell line). (B) Transfer 7.1 μL of DNase I treated mixtures into 2 sets 473 
of new strip-tubes, and 1.5 μL of antisense primers for a GAPDH gene is also added in each tube. 474 
Incubate PCR strip-tubes at indicated reaction conditions. Next, add RT enzyme mixtures and 5X 475 
RT primers for a specific miRNA (miRNA-107 or miRNA-301) into its designated tubes, and then 476 
re-incubate the tubes at the indicated conditions. Single-stranded cDNAs for a specific miRNA 477 
and GAPDH are generated. (C) Mature miRNA-107 and miRNA-301 levels were determined by 478 
the probe-based real-time PCR using total RNA isolated from PANC-1, CAPAN-1, and HPNE cells. 479 
 480 



   

Figure 3: Mimic transfection and the SRB Assay. (A) Top panel shows the dilution of miRNA 481 
control mimic and miRNA-107 mimic to prepare transfection mixtures. The range of final 482 
concentrations of miRNA-107 mimic are 0 nM, 1 nM, 5 nM, 10 nM, 25 nM, 50 nM, and 100 nM. 483 
Total volume in each column is for the transfection of cells in one well of a 96-well plate. Bottom 484 
panel shows an example of scaling up the transfection mixtures to prepare enough amount of 485 
mixtures for the transfection of the cells in 4 wells at an indicated concentration. Next, add 50 μL 486 
of mixtures into each well by following the suggested format for transfecting miRNA control 487 
mimic with miRNA-107 mimic. This plate was used for the SRB assay, which includes cell fixation, 488 
cell staining, and absorbance measurement. (B) Actual image of the 96-well plate showing the 489 
SRB stained cells. This image clearly shows that the number of PANC-1 cells decreases as the 490 
concentration of miRNA-107 mimic increases. 491 
 492 
Figure 4: Generation of a dose-response curve. (A) Representative dose-response curve of 493 
miRNA-107 mimic transfected PANC-1 cells. Transfected cells were incubated continuously for 494 
96 h. Parameters procured from the dose-response curve are also shown. (B) The equation, 495 
variables, initial parameters, and constraints, along with the descriptions of definitions and 496 
values. (C) Insert the definitions and values into the corresponding panels in the software. The “f” 497 
indicates the % cell viability (for example, the value of “f” is “90” and “10” at IC10 and IC90, 498 
respectively). The y0 value is 100 and indicates the 100% cell viability of miRNA control mimic 499 
transfected cells. The “n” indicates the Hill-type coefficient (the slope of a plot). The “k” indicates 500 
the concentration of miRNA-107 mimic that produces a 50% of the miRNA-107 mimic’s maximum 501 
effect (IC50). The “R” indicates the residual unaffected fraction (the resistance fraction). (D) This 502 
panel shows how to calculate adjusted ICx values based on the parameters (n, k, and R) acquired 503 
from Equation 1. The percentage (%) cell viability in the panel represents “f” in Equation 1 and 504 
calculated by subtracting the x value of each ICx from y0 (100). Equation 2 in the formula bar of 505 
the spreadsheet is indicated as “=((100-D3)/(D3-$B$5))^(1/$B$3)*$B$4)” for the calculation of 506 
adjusted IC10 value. Apply Equation 2 to other cells for calculating other ICx values by pressing 507 
the left mouse button on the selected cell (red color) and dragging down to the cell of IC90 value. 508 
 509 
Figure 5: Verification of the direct target gene of a miRNA of interest. Experiments begin with 510 
designing primers for the cloning of 3’ UTR. Primers are used for the gradient PCR. (A) The best 511 
annealing temperature can be selected among the six indicated annealing temperatures to 512 
amplify 3’ UTR of a gene. Next, double digestion is performed with restriction enzymes and PCR 513 
products are ligated into luciferase vectors. (B) Luciferase vectors containing 2 reporter genes, 514 
firefly and renilla luciferase, can be used to screen the interactions of miRNAs with 3’ UTR of 515 
mRNAs. PCR inserts are cloned into a region placed downstream of the renilla reporter gene. 516 
Ligated products were transformed into competent cells and grew cells on the LB agar plate. (C) 517 
Individual colonies (#1 to #6) were picked up and resuspended in 50 μL of ultrapure water. The 518 
E. coli suspension was used for the colony PCR and inoculation. Colony PCR is a convenient tool 519 
to select the best colonies for the inoculation and isolation of luciferase vectors harboring 3’ UTR 520 
of a gene. (D) For the luciferase assay, miRNA control mimic or miRNA-107 mimic was transfected 521 
into PANC-1 cells with luciferase constructs using a 24-well plate. (E) This panel demonstrates the 522 
representative raw data and calculation of the ratio of renilla to firefly after executing the 523 
luciferase assay for the validation of a SNCG gene as a miRNA-107 target. 524 



   

 525 
Figure 6: Screening of predicted target genes of miRNA-107. Screening of interactions between 526 
miRNA-107 and 3’ UTR of predicted targets was performed in PANC-1 cells using the luciferase 527 
constructs. Based on the negative effects of miRNA-107 on cell proliferation, potential candidate 528 
genes were determined for the cloning and screening assays. miRNA control mimic or miRNA-529 
107 mimic was transfected into PANC-1 cells with luciferase constructs containing 3’ UTR of each 530 
selected gene for 24 h. The ratio of renilla to firefly was calculated and normalized based on the 531 
measured levels of both luciferases in PANC-1 cells. 532 
 533 
Table 1: Conditions used for a specific miRNA and GAPDH detection by the real-time PCR in this 534 
study. 535 
 536 
Table 2: Composition of PCR reaction mixtures for the amplification of 3’ UTR in this study. 537 
 538 
Table 3: Conditions for the double digestion of PCR products and luciferase vectors using XhoI 539 
(or AsiSI) and NotI enzymes in this study. 540 
 541 
Table 4: Ligation reactions of double digested PCR products and luciferase vectors with the DNA 542 
ligase in this study. 543 
 544 
Supplementary Figure 1: The derivation of Equation 2 from Equation 1. Equation 2 is derived 545 
from Equation 1 for the calculation of adjusted ICx values. 546 
 547 
Supplementary Figure 2: Primer information. 548 
 549 
DISCUSSION 550 
Strategies for the determination of bona fide miRNA targets with the functions of a miRNA of 551 
interest are indispensable for the understanding of multiple roles of miRNAs. Identification of 552 
miRNA target genes can be a guideline for interpreting the cell signaling events modulated by 553 
miRNAs in a cell. An unveiling of functionally important target genes of miRNAs can provide the 554 
fundamental knowledge to develop a miRNA-based therapy in cancer. 555 
 556 
Several methods such as microarrays, small RNA library sequencing, deep sequencing, reverse 557 
transcriptase in situ PCR, and northern blotting can be applied to explore miRNA expression levels 558 
using total RNA isolated from cell lines and tissues24-26. High throughput profiling of miRNAs can 559 
provide valuable insight into the genetic underpinnings of cancer development. The probe-based 560 
miRNA assay is often used to validate profiling data and is also suitable to screen a few miRNAs 561 
of interest. However, the measurement of mature miRNA levels using the probe-based real-time 562 
PCR is limited to determine whether mature miRNAs are regulated at the transcription steps or 563 
through the regulation of maturation. Dye-based real-time PCR and northern blotting have been 564 
introduced to measure miRNA precursor levels27,28. Measurement of miRNA precursors together 565 
with mature miRNA levels can further provide the information on how mature miRNA levels are 566 
regulated. Furthermore, a comprehensive understanding of the regulation of miRNA levels is 567 
indispensable for the development of miRNA-based therapeutic approaches. 568 



   

 569 
Cell proliferation assays such as the tetrazolium-based MTT assay are applicable to screen the 570 
effects of treatment reagents such as miRNA mimics. Since the MTT assay reflects the cell 571 
metabolic activities based on the tetrazolium reduction by cellular oxidoreductases, it is possible 572 
to observe the lack of correlation between the MTT assay and the total cell number19. 573 
Alternatively, the SRB assay is available as the most reproducible cell enumeration assay18,19. 574 
Measurement of the amount of SRB dye bound to trichloroacetic acid fixed proteins can 575 
represent the total cell number29. In addition, the SRB assay in this protocol can be applied to 576 
screen multiple miRNA mimics as well as anti-cancer drugs using 384-well plates. However, the 577 
SRB assay has limitations such as manual screening. In addition, this assay is not available to non-578 
adherent cells. Since miRNAs also play a critical role in hematologic malignancy such as 579 
lymphoma and myeloma30, efficient monitoring of cell proliferation is required to unravel the 580 
functions of miRNAs. Carboxyfluorescein succinimidyl ester (CFSE) can intracellularly label the 581 
non-adherent cells. CFSE is used to monitor the generation of proliferating cells by flow 582 
cytometry31. In addition, miRNAs can affect invasion, metastasis, and programmed cell death. 583 
Therefore, other experimental techniques combining with this protocol will be more practical for 584 
the proper understanding of miRNA functions, which ultimately contribute to identifying 585 
multitudinous biologically relevant targets of miRNAs. 586 
 587 
Calculation of the half maximal inhibitory concentration (IC50) is an important method not only 588 
for the miRNA studies but also for the efficacy evaluation of other anti-cancer drugs. IC50 values 589 
can be used to compare the potential effects of several miRNAs or anti-cancer drugs on cell 590 
proliferation. It has been demonstrated that the combination of a miRNA-based therapy with 591 
anti-cancer drugs can provide an exceptional opportunity to improve the anti-cancer drug’s 592 
efficacy. Furthermore, the combination of miRNAs with anti-cancer drugs can be a novel 593 
approach to overcome chemoresistance32,33. For the evaluation of combination efficiency, it is 594 
advantageous to calculate adjusted ICx values based on our protocol for the assessment of 595 
combination index (CI) which allows the quantitative estimation of synergism or antagonism33,34. 596 
 597 
Intracellular signaling networks can be widely disorganized by anomalously expressed miRNAs in 598 
numerous diseases including cancers. However, signaling networks convolutedly affected by 599 
miRNAs are still mostly unknown since the small proportion of target genes have been 600 
experimentally validated, and target genes are also regulated via non-canonically reacting with 601 
miRNAs35. Nonetheless, our strategy and protocol are reliable methods for deciphering the 602 
cellular mechanisms of miRNAs. In addition, our protocol can be further extended to implement 603 
and evaluate the combination of miRNAs and other anti-cancer drugs. 604 
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Detection miRNA GAPDH

Components

Master mix for probe-based real-time PCR (2X) 10 µL –

Master mix for dye-based real-time PCR (2X) – 10 µL

Probe mixture (5X) 4 µL –

GAPDH primers (1 µM each) – 4 µL

Diluted cDNA (1:49) 6 µL 6 µL

Total volume 20 µL 20 µL
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Components 1X reaction 7X reaction

5X buffer 5 µL 35 µL

dNTP mixture (2.5 mM each) 2 µL 14 µL

Primers (10 µM each) 1 µL 7 µL

Genomic DNA (2 ng/µL) 16.5 µL 115.5 µL

Polymerase 0.5 µL 3.5 µL

Total volume 25 µL 175 µL
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Components 1X reaction

10X buffer 5 µL

PCR products or vectors
PCR products: 25 µL                                                    

Vectors: 1-2 µg
XhoI (or AsiSI) restriction enzyme 2 µL

NotI restriction enzyme 2 µL

Ultrapure water x µL

Total volume 50 µL
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Components 1X reaction

10X buffer 2 µL

Vectors (double digested) 50 ng

PCR products (insert) x µL

Ligase 200 U

Ultrapure water y µL

Total volume 20 µL
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Name of Material/ Equipment Company Catalog Number

15  mL  conical tube SPL Life Sciences 50015

24-well plate Thermo Scientific 142475

50 mL conical tube SPL Life Sciences 50050

6-well plate Falcon 353046

6X DNA loading dye Real Biotech Corporation RD006

8-cap strip Applied Biosystems N8010535

8-tube strip Applied Biosystems N8010580

96-well plate Falcon 353072

Acetic acid Sigma A6283-1L

Agarose A Bio Basic D0012

Alkaline phosphatase New England Biolabs M0290S

Ampicillin Bio basic Canada Inc AB0028

AriaMx 96 tube strips Agilent Technologies 401493

AriaMx real-time PCR system Agilent Technologies G8830A

AsiSI New England Biolabs R0630

CAPAN-1 cells ATCC HTB-79

Cell culture hood Labtech

Counting chambers with V-slash Paul Marienfeld 650010

CutSmart buffer New England Biolabs B7204S

DMEM Gibco 11965-092

DNA gel extraction kit Bionics DN30200

DNA ladder NIPPON Genetics EUROPE MWD1

DNase I Invitrogen 18068015

Dual-luciferase reporter assay system Promega E1910

Fetal bovine serum Gibco 26140-079

HIT competent cells Real Biotech Corporation(RBC) RH617

HPNE cells ATCC CRL-4023

LB agar broth Bio Basic SD7003

Lipofectamine 2000 Invitrogen 11668-027

Lipofectamine RNAiMax Invitrogen 13778-075

Luminometer Promega

Microcentrifuge tube Eppendorf 22431021

Microplate reader TECAN

miRNA control mimic Ambion 4464058

miRNA-107 mimic Ambion 4464066

miRNeasy Mini Kit Qiagen 217004

Mupid-2plus (electrophoresis system) TaKaRa

NotI New England Biolabs R3189

Oligo explorer program GeneLink

Optical tube strip caps (8X Strip) Agilent Technologies 401425

Opti-MEM Gibco 31985-070

PANC-1 cells ATCC CRL-1469

Penicillin/streptomycin Gibco 15140-122

Phosphate buffer saline Gibco 14040117

Plasmid DNA miniprep S& V kit Bionics DN10200

PrimeSTAR GXL DNA polymerase TaKaRa R050A
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Shaker TECAN

Shaking incubator Labtech

Sigmaplot 14 software Systat Software Inc

Sulforhodamine B powder Sigma S1402-5G

SYBR green master mix Smobio TQ12001805401-3

T4 DNA ligase TaKaRa 2011A

TaqMan master mix Applied Biosystems 4324018

TaqMan microRNA assay (hsa-miR-107) Applied Biosystems 4427975

TaqMan microRNA assay (hsa-miR-301) Applied Biosystems 4427975

TaqMan miR RT kit Applied Biosystems 4366597

Thermo CO2 incubator (BB15) ThermoFisher Scientific

Trichloroacetic acid Sigma 91228-100G

Trizma base Sigma T4661-100G

Ultrapure water Invitrogen 10977-015

Veriti 96 well thermal cycler Applied Biosystems

XhoI New England Biolabs R0146



Comments/Description

1 mL

For cDNA synthesis

For cDNA synthesis

1 L

500 g

10,000 U/mL

25 g

For real time PCR

qPCR amplification, detection, and data analysis 

10,000 units/mL

Model: LCB-1203B-A2

Cells counter

10X concentration

500 mL

200 prep

1 Kb ladder

100 units

100 assays

500 mL

Competent cells

250 g

0.75 mL

0.75 mL

Model: E5311

Infinite F50

5 nmole

5 nmole

50 prep

Model: AD110

20,000 units/mL

For primer design

For real time PCR

500 Ml

100 mL

1000 mL

200 prep

250 units



Shaking platform

Model: LSI-3016A

For dose-response curve generation

5 g

Binding fluorescent dye for dsDNA

25,000 U

200 reactions, no AmpErase UNG

Assay ID: 000443 (50RT, 150 PCR rxns)

Assay ID: 000528 (50RT, 150 PCR rxns)

1000 reactions

37 °C and 5% CO2 incubation

100 g

100 g

500 mL

For amplification of DNA (or cDNA)

20,000 units/mL
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 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 Article 
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 Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
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. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 

 

 

Target Identification and Functional Study of MicroRNA

Hyun Ah Seo, Cho Yean Hwang, Sokviseth Moeng, and Jong Kook Park

Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement_Jong Kook Park.pdf

https://www.editorialmanager.com/jove/download.aspx?id=996360&guid=87b5d02c-3878-4c76-9fb5-0beb2637ca99&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996360&guid=87b5d02c-3878-4c76-9fb5-0beb2637ca99&scheme=1
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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. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. 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. 
10. 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. 
11. 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 
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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 
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.  
12. 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. 
13. 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. 
14. 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.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 

 
CORRESPONDING AUTHOR 
Name:    
 
Department:   
 
Institution:  
 
Title:   
 

Signature:  
 

Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site 
2. Fax the document to +1.866.381.2236 
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 

 

 

 

 

 

 

 

 

Jong Kook Park

Department of Biomedical Science

Hallym University

Professor

Dec 30, 2018  



March 05, 2019 

 

Bing Wu, Ph.D. 

Review Editor 

Journal of Visualized Experiments 

 

Re: JoVE manuscript #59628_R1 

 

Dear Dr. Bing Wu 

We appreciate the helpful editorial comments. We made all of the changes as requested by 

the editor. Our responses to comments are detailed below. 

 

Editorial comments: 

The manuscript has been modified and the updated manuscript, 59628_R1.docx, is attached 

and located in your Editorial Manager account. Please use the updated version to make your 

revisions. 

 

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

are no spelling or grammar issues. 

- Thank you very much to give us a chance to carefully proof-read the manuscript again. We 

made the all necessary corrections throughout the manuscript. In addition, we switched the 

order of subpanels in Fig. 4 (its legend as well) and protocol descriptions for the efficient 

filming. 

2. Please do not abbreviate journal titles for all references. 

- In the revised version of manuscript, we changed all journal titles to their full names. 

3. Please define all abbreviations before use, e.g., FBS, etc. 

- We checked the manuscript carefully and made the all necessary corrections. 

4. JoVE cannot publish manuscripts containing commercial language. This includes 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 and Reagents. Examples of commercial language in your 

manuscript include lipofectamine, RNAiMAX, etc. 

- Thank you very much for this information. We changed all commercial (commercial-like) 

terms to general terms. For example, Taqman and RNAiMAX was changed to probe-based and 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebuttal
Letter_JK PARK_03052019.docx
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transfection reagent, respectively. The change of commercial terms was down in the main 

manuscript, figures with their legends, and tables. 

5. Step 2.2: What’s the condition for transfection? Please add more details. 

- We revised step 2.2 and also add NOTE to explain about the transfection conditions. 

6. 4.3.8: Please split this long step into more sub-steps. 

- In this revised manuscript, we changed the order of step 4 for the efficient filming. In addition, 

step 4.3.8 (4.8 in the revised version) was divided into 2 steps and made the new step (step 

4.9). 

7. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from 

one highlighted step to the next. 

- We highlighted steps again for the proper filming process. Highlighted steps are from step 2 

to step 5.6.6 and we confirm that it does not exceed 2.75 pages. 

 

Since we have complied with all of the suggestions made by the Editor, we hope that you will 

now deem this paper acceptable for the filming and publication in Journal of Visualized 

Experiments, and are eager to see it in print. 

Sincerely yours, 

 

 

 

Jong Kook Park, PhD 

Department of Biomedical Science and Research Institute for Bioscience & Biotechnology, 

Hallym University, Chuncheon 24252, Republic of Korea 

Phone: 82-33-248-2114 

Fax: 82-33-256-3420 

E-mail: jkp555@hallym.ac.kr 
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