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20 SUMMARY
21  This protocol uses a probe-based real-time polymerase chain reaction (PCR), a sulforhodamine B
22 (SRB) assay, 3’ untranslated regions (3’ UTR) cloning, and a luciferase assay to verify the target
23 genes of a miRNA of interest and to understand the functions of miRNAs.
24
25  ABSTRACT
26  MicroRNAs (miRNAs) are small regulatory RNAs which are recognized to modulate numerous
27  intracellular signaling pathways in several diseases including cancers. These small regulatory
28 RNAs mainly interact with the 3’ untranslated regions (3’ UTR) of their target messenger RNAs
29 (mRNAs) ultimately resulting in the inhibition of decoding processes of mRNAs and the
30 augmentation of target mRNA degradations. Based on the expression levels and intracellular
31 functions, miRNAs are able to serve as regulatory factors of oncogenic and tumor-suppressive
32  mRNAs. Identification of bona fide target genes of a miRNA among hundreds or even thousands
33  of computationally predicted targets is a crucial step to discern the roles and basic molecular
34  mechanisms of a miRNA of interest. Various miRNA target prediction programs are available to
35 search possible miRNA-mRNA interactions. However, the most challenging question is how to
36 validate direct target genes of a miRNA of interest. This protocol describes a reproducible
37  strategy of key methods on how to identify miRNA targets related to the function of a miRNA.
38 This protocol presents a practical guide on step-by-step procedures to uncover miRNA levels,
39 functions, and related target mRNAs using the probe-based real-time polymerase chain reaction
40  (PCR), sulforhodamine B (SRB) assay following a miRNA mimic transfection, dose-response curve
41  generation, and luciferase assay along with the cloning of 3° UTR of a gene, which is necessary
42  for proper understanding of the roles of individual miRNAs.
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MicroRNAs (miRNAs) are the small regulatory RNAs that mainly modulate the process of
translation and degradation of messenger RNAs (mRNAs) by reacting to the 3’ untranslated
regions (3’ UTR) in bona fide target genes!. Expression of miRNAs can be regulated by
transcriptional and post-transcriptional mechanisms. The imbalance of such regulatory
mechanisms brings uncontrolled and distinctive miRNAs expression levels in numerous diseases
including cancers?. A single miRNA can have multiple interactions with diverse mRNAs.
Correspondingly, an individual mRNA can be controlled by various miRNAs. Therefore,
intracellular signaling networks are intricately influenced by distinctively expressed miRNAs by
which physiological disorders and diseases can be initiated and deteriorated?®. Although the
altered expression of miRNAs has been observed in various types of cancers, the molecular
mechanisms that modulate the manners of cancer cells in conjunction with miRNAs are still
largely unknown.

Accumulating evidence has been showing that the oncogenic or tumor-suppressive roles of
miRNAs depend on the types of cancers. For example, by targeting forkhead box 03 (FOX03),
miR-155 promotes the cell proliferation, metastasis, and chemoresistance of colorectal cancer’:.
In contrast, the restriction of glioma cell invasion is induced by miR-107 via the regulation of
neurogenic locus notch homolog protein 2 (NOTCH2) expression®. The assessment of miRNA-
target interactions in connection with miRNA functions is an indispensable part to better
understand how miRNAs regulate various biological processes in both healthy and diseased
states'®. In addition, the discovery of bona fide target(s) of miRNAs can further provide a fine-
tuned strategy for a miRNA-based therapy with various anti-cancer drugs. However, the main
challenge in the field of miRNAs is the identification of direct targets of miRNAs. Here, detailed
methods are presented as reproducible experimental approaches for the miRNA target gene
determination. Successful experimental design for the miRNA target identification involves
various steps and considerations (Figure 1). Comparison of mature miRNA levels in tumor cells
and normal cells can be one of the common procedures to select a miRNA of interest (Figure 1A).
The functional study of a selected miRNA to detect the effects of a miRNA on cell proliferation is
important to narrow down the list of best potential candidate targets of a miRNA of interest
(Figure 1B). Based on the experimentally validated functions of miRNAs, a systematic review of
literature and database in company with a miRNA target prediction program is required to search
the most relevant information on gene functions (Figure 1C). The identification of real target
genes of a miRNA of interest can be achieved by implementing experiments such as the luciferase
assay along with the cloning of 3’ UTR of a gene, real-time PCR, and western blotting (Figure 1D).
The goal of the current protocol is to provide comprehensive methods of key experiments, the
probe-based real-time polymerase chain reaction (PCR), sulforhodamine B (SRB) assay following
a miRNA mimic transfection, dose-response curve generation, and luciferase assay along with
the cloning of 3" UTR of a gene. The current protocol can be useful for a better understanding of
the functions of individual miRNAs and the implication of a miRNA in cancer therapy.

PROTOCOL

1. Mature microRNA (miRNA) expression analysis
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1.1.  Mature miRNA complementary DNA (cDNA) synthesis

1.1.1. Add 254 ng of total RNA and 4.5 uL of deoxyribonuclease | (DNase |) mixtures, and then
add ultrapure water into PCR strip-tubes to make up to 18 pL (Figure 2A). Prepare the reaction
for each total RNA sample purified from several cell lines using enough amount of DNase |
mixtures based on the total number of reactions.

NOTE: DNase | mixtures are composed of DNase | (1.8 pL), ribonuclease inhibitor (0.3 uL), and 25
mM MgCl, (2.4 pL). To reproducibly procure total RNA, a column-based extraction method was
applicated instead of using a phenol-chloroform based extraction method. It was reported that
the extraction yield of some miRNAs can be varied depending on the number of cells when using
a phenol-chloroform based extraction method*%-12,

1.1.2. Incubate the tubes in a thermal cycler. Run the tubes for 10 min at 37 °C, and heat-
inactivate DNase | by 5 min incubation at 90 °C. Immediately place the tubes on ice after
incubation.

1.1.3. Transfer 7.1 uL of DNase | treated total RNA into 2 sets of new tubes and then add 1.5 uL
of antisense primers for the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene (Figure
2B).

NOTE: The amount of total RNA for cDNA synthesis becomes 100 ng at this step. The stock
concentration of GAPDH antisense primers is 10 uM. Adding GAPDH antisense primers is for the
generation of GAPDH cDNAs using a gene-specific primer method.

1.1.4. Incubate the tubes using a thermal cycler. Start at 80 °C for 5 min followed by the reaction
at 60 °C for 5 min. Immediately place the tubes on ice after incubation.

1.1.5. Add 3.4 pL of reverse transcription (RT) enzyme mixtures in each reaction (Figure 2B). RT
enzyme mixtures are composed of 100 mM deoxyribonucleotide triphosphates (0.15 pL), 10x RT
buffer (1.5 L), ribonuclease inhibitor (0.75 uL), and reverse transcription enzyme (1 pL). Prepare
enough amount of mixtures based on the total number of reactions.

1.1.6. Add 3 pL of 5x RT primers for a specific miRNA in each reaction (Figure 2B).

NOTE: Total volume is 15 uL for each reaction.

1.1.7. Run the tubes using a thermal cycler. Start at 16 °C for 30 min followed by the reaction at
42 °C for 30 min, and finally at 85 °C for 5 min. Hold at 4 °C for any remaining time (Figure 2B).
Single-stranded cDNAs are generated in this step for both a specific miRNA and GAPDH gene in

the same tube.

1.2.  Real-time polymerase chain reaction (PCR) and data analysis
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1.2.1. Dilute each cDNA with ultrapure water at 1:49 ratio.

1.2.2. Prepare the reaction mixtures for a specific miRNA and GAPDH (Table 1). For the detection of
a specific miRNA and GAPDH, set up triplicate reactions for each cDNA sample.

1.2.3. Perform the real-time PCR and data analysis (Figure 2C). Analyze data using the
comparative Cr method®314,

2. MicroRNA (miRNA) mimic transfection

NOTE: miRNA-107 is selected from step 1. Since miRNA-107 is down-regulated in tumor cells
compared with normal cells, it can be speculated that miRNA-107 is a tumor suppressive miRNA.
In the case of a miRNA which is up-regulated in tumor cells compared with normal cells (e.g.,
miRNA-301), antisense oligonucleotides against miRNA-301 can be applied for steps 2, 3, and 4.

2.1.  Count the cells with a counting-chamber device and plate the cells in a 96-well plate. Cell
density is 2 x 10° cells/100 pL for each well. Do not use cell culture media containing penicillin-
streptomycin (P/S) because P/S can reduce the transfection efficiency.

2.2.  Prepare a set of transfection mixtures to transfect the cells at several final concentrations
of miRNA control mimic and miRNA-107 mimic on the next day (Figure 3).

2.2.1. From the stock (25 uM concentration) of miRNA control mimic or miRNA-107 mimic,
dilute and add corresponding amount of control mimic or miRNA-107 mimic in the reduced-
serum media along with a transfection reagent using microcentrifuge tubes (Figure 3A). Gently
mix the oligo containing mixtures using a micropipette. The total amount of oligos (miRNA mimic
control + miRNA-107 mimic) should be same in each well. Blank wells include 100 uL of cell
culture media and reduced-serum media containing a transfection reagent without cells.

2.3.  After a 10 min incubation in a cell culture hood, gently mix the oligo containing mixtures
again and then add 50 pL of the mixtures into each well. Keep the transfected cells in a cell culture
incubator. Replace the transfection reagent containing media with the fresh cell culture media
containing both fetal bovine serum (FBS) and P/S after 6-12 h incubation. Further incubate the
cells for 72 h. The total treatment duration of miRNA mimic is 96 h.

3. Sulforhodamine B (SRB) assay

3.1. Cellfixation

3.1.1. Remove the cell culture media in each well of the plate and promptly fill 100 uL of 10%
trichloroacetic acid (TCA) into each well. Carefully aspirate the cell culture media from each well

to avoid any cell damage and detachment from the bottom.

NOTE: Prepare 40% TCA by adding 20 g of TCA powder into 50 mL of distilled water. From 40%
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TCA, make 10% TCA by diluting 40% TCA with distilled water at a 1:3 dilution ratio.

3.1.2. Keep the plate containing 10% TCA in a refrigerator (4 °C) for 1 h.

3.1.3. Wash the plate several times by submerging into the water tub and dry it. Remove excess
water from inside of wells by tapping the plate until there is no water left in wells. Leave the plate
on a laboratory bench to dry it before going to the next step.

3.2.  Cell staining

3.2.1. Pipette 50 pL of 0.4% SRB solution into each well including blank wells. Gently shake the
plate until 0.4% SRB solution consistently covers the bottom of wells.

NOTE: Prepare and use 0.4% SRB solution by adding 0.4 g of SRB powder into 100 mL of 1% acetic
acid. Shake the solution carefully to mix it. Wrap the bottle of 0.4% SRB solution in a light

protective material such as aluminum foil. Store 0.4% SRB solution in a refrigerator.

3.2.2. After incubation for 40 min to 60 min, wash the plate by rinsing it with 1% acetic acid.
Wash the plate until the unbound dye is totally washed away (Figure 3B).

3.2.3. Leave the plate on a laboratory bench to dry it before going to the next step.
NOTE: The plate should be entirely dried before going to step 3.3.
3.3.  Absorbance measurement

3.3.1. Pipette 100 L of Tris base solution (10 mM) into the corresponding wells including blank
wells. Keep the plate on a shaker for 10 min. Measure the absorbance at 492 nm.

4, Generation of a dose-response curve

4.1.  Analyze the SRB assay data in a spreadsheet. Subtract the blank absorbance from the
absorbance values of each group and calculate the average (AVE) and standard deviation (STD)
of absorbance values of each group.

4.2.  Calculate the percentage of average absorbance (AVE%) and that of standard deviation
(STD%) of each group using absorbance values of the SRB assay.

NOTE: The AVE% of miRNA control mimic treated group is 100%. Calculate the STD% using the
following formula: STD% = (STD of each group / AVE absorbance of control mimic treated group)
x 100.

4.3. Import the raw data including treatment concentrations, AVE%, and STD% into the
software by vertically aligning those data. Since Log 0 is not defined, set the first concentration
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of X axis to a value that is close to 0 (e.g., 0.01).

4.4. Click Create graph tab and choose Simple scatter-error bars. Select Worksheet columns
as symbol values and click Next. In the data format panel, select XY pairs and click Next. Select
corresponding data columns in the select data panel. Click Finish button to create the plot.

NOTE: The X axis represents the concentrations, the Y axis indicates the percentage of average
absorbance of each concentration (AVE%), and the error bars point out the percentage of
standard deviation of each concentration (STD%).

4.5. Double-click on the X axis to modify the type of scale and the scaling of axis. Change the
type of scale from linear to log. Modify the start and end range number to 0.01 and 200,
respectively.

4.6. Right-click on any scatter plot, choose Curve fit, and go to the sub-category User- defined.
Select Dose-response curve, click Next buttons, and then click Finish button. The dose-response
curve is now generated along with a report tab (Figure 4A).

4.6.1. Toinput Equation 1 in the software for the generation of a dose-response curve, click the
Analysis tab and select Regression wizard. Go to User-defined in the equation category and then
click the New button. Insert Equation 1, variables, initial parameters, and constraints into the
corresponding blank boxes (Figure 4B, C). Click Add as button and set the name of the equation
as Dose-response curve. The equation name is now generated in the sub-category User-defined
in the equation category. f indicates the percentage of cell viability (% cell viability) in Equation
1.

Equation 1

n

f=(y0—R)><<1— )+R

k™+ x™
4.7.  Go to the report tab and then check the n, k, and R values.

NOTE: y0 indicates 100% cell viability of miRNA control mimic treated group, n indicates the Hill-
type coefficient (the slope of a plot), k indicates the concentration of miRNA-107 mimic that
produces a 50% of the miRNA-107 mimic’s maximum effect (the half maximal inhibitory
concentration, ICso), and R indicates the residual unaffected fraction (the resistance fraction)*>.
The equation used to generate a dose-response curve recognizes the range from y0 to R value (if
any) as 100% (Figure 4A). Therefore, it is necessary to acquire the adjusted k (ICso) value that is
calculated based on the range from yO0 to a value of zero (Figure 4A). Adjusted k (ICso0) along with
other ICx values (e.g., ICio through 1Cq0) can be obtained using Equation 2, which is derived from
Equation 1. The derivation of Equation 2 from Equation 1 is indicated in Supplementary Figure 1.
Equation 2

n|y0 —f
f—R

x =k X
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4.8. Double-click the left mouse button on the cell in which Equation 2 is applied. Using
Equation 2 and parameters from the generated dose-response curve, it is available to calculate
the adjusted values of ICx, ranging from 1C1o to ICqo (Figure 4D).

4.9. Input the equal sign followed by the formula beginning with a bracket in the cell. When
entering the formula, fix the value of n, k, and R as the absolute cell references by adding the
dollar sign to the corresponding column and row, so that these fixed values will not be changed
when auto-filling the formula down to the rows (Figure 4D). Alternatively, adjusted values can be
manually calculated using Equation 2.

NOTE: ICq value is not determined because the R value is greater than 10. In addition, if R value
is above 20, the value of ICg is also not determined (Figure 4D).

5. Verification of the direct target gene of a microRNA of interest

NOTE: After performing the functional experiment such as the SRB assay, miRNA-107 is
confirmed as a tumor suppressive miRNA and it is highly feasible that miRNA-107 directly targets
oncogenes. Check the list of all predicted target genes using a miRNA target prediction program
such as TargetScan (http://www.targetscan.org/vert_71/), and then narrow down to potential
candidate targets based on the function of a gene in databases including PubMed and GeneCards.

5.1.  Primer design for the cloning of 3’ untranslated region (UTR)

5.1.1. Put the name of a gene in GeneCards (https://www.genecards.org/) and click Symbol of
a gene. Assess to Ensembl genome browser by clicking Ensembl ID of a gene and then click
Transcripts ID in the transcript table. After that, click Exons existed in the Transcript-based
displays list on the left.

5.1.2. Copy the nucleotide sequences of the 3’ UTR and paste it into the primer design program.
Copy the sequences again from this program and paste it into a word processor. Check the
presence of miRNA binding sequences as well as the presence of restriction enzymes sites used
for the cloning.

NOTE: If there are no restriction enzyme recognition sites within the 3’ UTR, the restriction
enzymes selected for the cloning can be used for the next step.

5.1.3. In the primer design program, accept the 3’ UTR sequences and start to design the
forward and reverse primers with the following condition. Length: 20-30 nucleotides, Tm: 45-58
°C, GC%: 40-60%. The difference between the Tm values of the two primers should be less than
5 °C. The primer sequences used in this study are provided in Supplementary Figure 2. Add
restriction enzyme recognition sequences as well as 4 random nucleotides to the designed
primers.
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5.2. Gradient PCR

5.2.1. Prepare 25 pL of PCR reaction mixtures including designed primers per one annealing
temperature (Table 2). Prepare enough amount of mixtures based on the total number of
reactions. Mix the solution by pipetting and add 25 uL of reaction mixtures into each tube.
Centrifuge the tubes for few seconds.

5.2.2. Perform 35-40 PCR cycles from denaturation step to extension step. Set up the PCR cycle
as the following steps: 98 °C for 1 min (1 cycle, polymerase activation step), 95 °C for 10 s
(denaturation step), 45 °C-68 °C for 30 s (annealing step), 68 °C (extension step, 10 s-1 min per
1000 bp), 68 °C for 3 min (termination step), and finally cool down to 4 °C.

5.2.3. Run the PCR products and check bands on a 1% agarose gel with DNA ladders. Find the
best annealing temperature (Figure 5A). Amplify 3" UTR of a gene again using the best annealing
temperature for the next step.

5.3.  Double digestion

5.3.1. Make the reaction mixtures including two restriction enzymes, Xhol (or AsiSl) and Notl, in
a tube (Table 3). Incubate the mixtures for 3-4 h using a water bath (37 °C).

5.3.2. Run the double digested products on a 1% agarose gel and then cut the bands under UV
light. In the case of luciferase vectors, before running on a gel, react double digested vectors with
10 U of alkaline phosphatases for another 1 h to prevent a recircularization during the ligation
step.

5.3.3. Purify the double digested PCR products and luciferase vectors from the excised bands.
5.4.  Ligation of PCR products into the luciferase vectors

5.4.1. Make 20 pL of ligation reaction mixtures including the DNA ligase (Table 4).

NOTE: The molar ratio of PCR product (insert) to luciferase vector can be 3:1. 1:1 or 2:1.

5.4.2. Briefly centrifuge the tube for 10-15 s and incubate at 16 °C overnight using a thermal
cycler.

NOTE: Alternatively, the tube can be incubated at 4 °C for 2-3 days for the ligation. In this step,
the PCR insert will be cloned into the region positioned downstream of a renilla reporter gene
(Figure 5B). Binding of miRNAs into the cloned 3’ UTR of a gene can decrease in the renilla activity.
Firefly luciferase is for the normalization of renilla expression levels.

5.5.  Transformation and colony PCR
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5.5.1. Add the ligation mixtures (3-5 pL) into the tube containing competent cells. Gently tap
the tube and keep it on ice (20 min).

NOTE: Unfreeze competent cells on ice before adding the ligation mixtures.

5.5.2. Quickly and gently transfer the tube to a heat block. Following a heat-shock (42 °C for 30
s-1 min), place the tube on ice for 20 min.

5.5.3. Spread competent cells on the Luria-Bertani (LB) agar plate. Grow competent cells in an
incubator (37 °C) overnight.

NOTE: Ampicillin (50-100 pg/mL) is contained in the agar plate.

5.5.4. Pick an individual colony and resuspend E. coli in one of the 8-strip tubes containing
ultrapure water. Repeat this step to resuspend E. coli from randomly selected 4-8 colonies (Figure
5C).

5.5.5. Transfer 25 L of E. coli suspension into another set of 8-strip tubes. Now, there are 2 sets
of tubes of E. coli suspension.

NOTE: One tube is for colony PCR and another one is for inoculation. E. coli suspension for
inoculation can be temporarily stored at 4 °C (Figure 5C).

5.5.6. Perform the colony PCR using E. coli suspension. This step is to determine if the colonies
contain an insert. Select the best colonies to inoculate and isolate luciferase vectors harboring 3’
UTR of a gene (Figure 5C).

NOTE: Repeat step 5.1-5.5 for each 3’ UTR of selected genes. Follow the condition of PCR reaction
shown in Table 2 by replacing the genomic DNA with E. coli suspension.

5.6.  Luciferase assay

5.6.1. Prepare a 24-well plate. Use 1-2 x 10* cells in 500 pL cell culture media for each well. Do
not use cell culture media containing P/S for the transfection because using P/S can reduce the
transfection efficiency.

5.6.2. Transfect 50 ng of luciferase vectors into the cells with control mimic or a specific miRNA
mimic using a transfection reagent (Figure 5D). If screening the effects of a specific miRNA mimic
at more than one concentration, keep the total amount of oligos same in each well (see step 2).

5.6.3. Wash the inside of wells twice using phosphate buffered saline (PBS) on the next day.

5.6.4. Apply 200 pL of lysis reagent into the wells and sufficiently carry out cell lysis before
measuring the luciferase activity.
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NOTE: Keep the plate on a shaking plate at least 15 min.

5.6.5. Transfer 5-10 pL of cell lysate into the new tube and add 100 pL of reagent I. Immediately
mix the solution by pipetting and read the firefly luciferase activity using a luminometer.

NOTE: Read the firefly luciferase activity for 10-15 s.

5.6.6. Add 100 pL of reagent Il in the same tube, and then mix by pipetting twice. Read the
renilla luciferase activity for 10-15 s using a luminometer. Repeat step 5.6.5 and 5.6.6 for each
sample.

5.6.7. Calculate the ratio of renilla to firefly (Figure 5E).

NOTE: The activity of firefly represents the transfection efficiency of luciferase constructs into
the cells.

REPRESENTATIVE RESULTS

Successful and accurate confirmation of miRNA levels is important for the interpretation of data
by which the classification of miRNAs is possible based on the anticipated roles of miRNAs in the
development and progression of a disease. The levels of miRNA-107 and miRNA-301 were
measured in three pancreas cell lines using the probe-based quantitative PCR. The synthesis of
cDNAs of both a specific miRNA and a reference gene in the same reaction can increase the
reproducibility of data. PANC-1 and CAPAN-1 are human pancreatic ductal adenocarcinoma cell
lines, while HPNE is an immortalized pancreas duct cell line transduced with a retroviral
expression vector harboring the human telomerase reverse transcriptase (hTERT) gene. miRNA-
107 was significantly reduced in PANC-1 and CAPAN-1 cells compared with HPNE cells (Figure
2C). The levels of miRNA-301 were significantly up-regulated in PANC-1 and CAPAN-1 cells
compared with HPNE cells. These results are in accordance with previous reports that miRNA-
107 is epigenetically inactivated in pancreatic cancer cells and that miRNA-301 levels are higher
in pancreatic ductal adenocarcinoma cells than normal pancreatic ductal cells*®'7,

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay reflects cell
metabolic activities. This feature has a significantly higher opportunity to acquire the lack of
correlation between the MTT assay and the total cell number since the assay conditions including
a kind of treatment reagents can severely affect the enzymatic reduction of tetrazolium*®*°, To
overcome this limitation, the sulforhodamine B (SRB) assay was applied to measure the effects
of miRNA-107 on cell proliferation to identify the potential biological functions of miRNA-107.
The amount of bound SRB dye in the fixed cells can be used as a surrogate of the change in total
number of cells. The SRB assay in this study clearly demonstrates that the proliferation of PANC-
1 cells decreased following a miRNA-107 mimic transfection (Figure 3). The miRNA-107
concentration that caused an inhibition of 50% cell viability (ICso) was determined by the
generation of a dose-response curve. In addition, the application of Equation 2 is beneficial to
calculate all possible inhibitory concentrations (ICx) for precisely evaluating the effects of miRNA-
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107 (Figure 4).

Examination of the correlation between miRNAs and mRNAs levels is an effective way for the
miRNA target identification because miRNAs can regulate target gene levels via the degradation
of mMRNAs2?°, However, since miRNAs also act at the translational level without affecting the
processes of mMRNA degradation, the experimental validation of miRNA-target gene interactions
using the luciferase assay is an essential step. The main advantage of a luciferase assay is that
this assay can rule out the changes of mRNA levels regulated by the degradation of mRNAs?!,
Therefore, the cloning of 3" UTR of predicted target genes is an important step to identify real
target genes of a miRNA of interest in conjunction with real-time PCR and western blot
experiments. An efficient utilization of the dual reporter vectors allows to acquire unambiguous
experimental data since the measurement of control reporter levels can reduce the experimental
variations such as the number of cells. Normalization processes of the luciferase assay data
acquired from vectors containing 3’ UTR of a synuclein gamma (SNCG) gene is shown in Figure
5E. In addition, the screening of 11 potential predicted targets of miRNA-107 clearly shows that
only SNCG, a positive regulator of tumor cell growth??23, directly interacts with miRNA-107 in
PANC-1 cells (Figure 6). This finding indicates that miRNA-107 can negatively regulate the
proliferation of PANC-1 cells by modulating the SNCG expression.

FIGURE AND TABLE LEGENDS

Figure 1: Experimental design for miRNA target identification. This diagram shows the flow of
an experimental design which helps to identify the target of a miRNA. (A) The analysis of mature
miRNA expression levels and the selection of a miRNA of interest. (B) Three experiments, such as
the miRNA mimic transfection, SRB assay, and generation of a dose-response curve can be
conducted for the functional study of selected miRNAs. (C) To narrow down candidate target
genes of a miRNA of interest, it is beneficial to check the information and function of predicted
target genes in target prediction programs, Pubmed, and GeneCard. (D) After detecting some
potential candidate target genes of a miRNA of interest, it is feasible to conduct practical
experiments such as the cloning of 3" UTR of mRNAs, luciferase assay, real-time PCR, and western
blot to finally prove the direct target genes of a miRNA of interest.

Figure 2: Mature miRNA expression analysis. (A) Add total RNA from each cell line (PANC-1,
CAPAN-1, and HPNE), DNase | mixtures, and ultrapure water into labeled strip-tubes. Total
volume in each tube is 18 uL (PANC-1 and CAPAN-1 are pancreatic cancer cell lines, while HPNE
is a normal pancreatic duct cell line). (B) Transfer 7.1 uL of DNase | treated mixtures into 2 sets
of new strip-tubes, and 1.5 uL of antisense primers for a GAPDH gene is also added in each tube.
Incubate PCR strip-tubes at indicated reaction conditions. Next, add RT enzyme mixtures and 5X
RT primers for a specific miRNA (miRNA-107 or miRNA-301) into its designated tubes, and then
re-incubate the tubes at the indicated conditions. Single-stranded cDNAs for a specific miRNA
and GAPDH are generated. (C) Mature miRNA-107 and miRNA-301 levels were determined by
the probe-based real-time PCR using total RNA isolated from PANC-1, CAPAN-1, and HPNE cells.
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Figure 3: Mimic transfection and the SRB Assay. (A) Top panel shows the dilution of miRNA
control mimic and miRNA-107 mimic to prepare transfection mixtures. The range of final
concentrations of miRNA-107 mimic are 0 nM, 1 nM, 5 nM, 10 nM, 25 nM, 50 nM, and 100 nM.
Total volume in each column is for the transfection of cells in one well of a 96-well plate. Bottom
panel shows an example of scaling up the transfection mixtures to prepare enough amount of
mixtures for the transfection of the cells in 4 wells at an indicated concentration. Next, add 50 pL
of mixtures into each well by following the suggested format for transfecting miRNA control
mimic with miRNA-107 mimic. This plate was used for the SRB assay, which includes cell fixation,
cell staining, and absorbance measurement. (B) Actual image of the 96-well plate showing the
SRB stained cells. This image clearly shows that the number of PANC-1 cells decreases as the
concentration of miRNA-107 mimic increases.

Figure 4: Generation of a dose-response curve. (A) Representative dose-response curve of
mMiRNA-107 mimic transfected PANC-1 cells. Transfected cells were incubated continuously for
96 h. Parameters procured from the dose-response curve are also shown. (B) The equation,
variables, initial parameters, and constraints, along with the descriptions of definitions and
values. (C) Insert the definitions and values into the corresponding panels in the software. The “f”
indicates the % cell viability (for example, the value of “f” is “90” and “10” at 1Ci0 and ICyo,
respectively). The y0 value is 100 and indicates the 100% cell viability of miRNA control mimic
transfected cells. The “n” indicates the Hill-type coefficient (the slope of a plot). The “k” indicates
the concentration of miRNA-107 mimic that produces a 50% of the miRNA-107 mimic’s maximum
effect (ICso). The “R” indicates the residual unaffected fraction (the resistance fraction). (D) This
panel shows how to calculate adjusted ICx values based on the parameters (n, k, and R) acquired
from Equation 1. The percentage (%) cell viability in the panel represents “f” in Equation 1 and
calculated by subtracting the x value of each ICx from y0 (100). Equation 2 in the formula bar of
the spreadsheet is indicated as “=((100-D3)/(D3-$SBS$5))A(1/SBS3)*SBS4)” for the calculation of
adjusted IC1o value. Apply Equation 2 to other cells for calculating other ICx values by pressing
the left mouse button on the selected cell (red color) and dragging down to the cell of ICyo value.

Figure 5: Verification of the direct target gene of a miRNA of interest. Experiments begin with
designing primers for the cloning of 3’ UTR. Primers are used for the gradient PCR. (A) The best
annealing temperature can be selected among the six indicated annealing temperatures to
amplify 3" UTR of a gene. Next, double digestion is performed with restriction enzymes and PCR
products are ligated into luciferase vectors. (B) Luciferase vectors containing 2 reporter genes,
firefly and renilla luciferase, can be used to screen the interactions of miRNAs with 3’ UTR of
mMRNAs. PCR inserts are cloned into a region placed downstream of the renilla reporter gene.
Ligated products were transformed into competent cells and grew cells on the LB agar plate. (C)
Individual colonies (#1 to #6) were picked up and resuspended in 50 pL of ultrapure water. The
E. coli suspension was used for the colony PCR and inoculation. Colony PCR is a convenient tool
to select the best colonies for the inoculation and isolation of luciferase vectors harboring 3° UTR
of a gene. (D) For the luciferase assay, miRNA control mimic or miRNA-107 mimic was transfected
into PANC-1 cells with luciferase constructs using a 24-well plate. (E) This panel demonstrates the
representative raw data and calculation of the ratio of renilla to firefly after executing the
luciferase assay for the validation of a SNCG gene as a miRNA-107 target.
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Figure 6: Screening of predicted target genes of miRNA-107. Screening of interactions between
miRNA-107 and 3’ UTR of predicted targets was performed in PANC-1 cells using the luciferase
constructs. Based on the negative effects of miRNA-107 on cell proliferation, potential candidate
genes were determined for the cloning and screening assays. miRNA control mimic or miRNA-
107 mimic was transfected into PANC-1 cells with luciferase constructs containing 3° UTR of each
selected gene for 24 h. The ratio of renilla to firefly was calculated and normalized based on the
measured levels of both luciferases in PANC-1 cells.

Table 1: Conditions used for a specific miRNA and GAPDH detection by the real-time PCR in this
study.

Table 2: Composition of PCR reaction mixtures for the amplification of 3’ UTR in this study.

Table 3: Conditions for the double digestion of PCR products and luciferase vectors using Xhol
(or AsiSl) and Notl enzymes in this study.

Table 4: Ligation reactions of double digested PCR products and luciferase vectors with the DNA
ligase in this study.

Supplementary Figure 1: The derivation of Equation 2 from Equation 1. Equation 2 is derived
from Equation 1 for the calculation of adjusted ICx values.

Supplementary Figure 2: Primer information.

DISCUSSION

Strategies for the determination of bona fide miRNA targets with the functions of a miRNA of
interest are indispensable for the understanding of multiple roles of miRNAs. Identification of
miRNA target genes can be a guideline for interpreting the cell signaling events modulated by
miRNAs in a cell. An unveiling of functionally important target genes of miRNAs can provide the
fundamental knowledge to develop a miRNA-based therapy in cancer.

Several methods such as microarrays, small RNA library sequencing, deep sequencing, reverse
transcriptase in situ PCR, and northern blotting can be applied to explore miRNA expression levels
using total RNA isolated from cell lines and tissues?*2°, High throughput profiling of miRNAs can
provide valuable insight into the genetic underpinnings of cancer development. The probe-based
miRNA assay is often used to validate profiling data and is also suitable to screen a few miRNAs
of interest. However, the measurement of mature miRNA levels using the probe-based real-time
PCR is limited to determine whether mature miRNAs are regulated at the transcription steps or
through the regulation of maturation. Dye-based real-time PCR and northern blotting have been
introduced to measure miRNA precursor levels?’?8, Measurement of miRNA precursors together
with mature miRNA levels can further provide the information on how mature miRNA levels are
regulated. Furthermore, a comprehensive understanding of the regulation of miRNA levels is
indispensable for the development of miRNA-based therapeutic approaches.



569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612

Cell proliferation assays such as the tetrazolium-based MTT assay are applicable to screen the
effects of treatment reagents such as miRNA mimics. Since the MTT assay reflects the cell
metabolic activities based on the tetrazolium reduction by cellular oxidoreductases, it is possible
to observe the lack of correlation between the MTT assay and the total cell number?®.
Alternatively, the SRB assay is available as the most reproducible cell enumeration assay®°.
Measurement of the amount of SRB dye bound to trichloroacetic acid fixed proteins can
represent the total cell number?®. In addition, the SRB assay in this protocol can be applied to
screen multiple miRNA mimics as well as anti-cancer drugs using 384-well plates. However, the
SRB assay has limitations such as manual screening. In addition, this assay is not available to non-
adherent cells. Since miRNAs also play a critical role in hematologic malignancy such as
lymphoma and myeloma3, efficient monitoring of cell proliferation is required to unravel the
functions of miRNAs. Carboxyfluorescein succinimidyl ester (CFSE) can intracellularly label the
non-adherent cells. CFSE is used to monitor the generation of proliferating cells by flow
cytometry3L. In addition, miRNAs can affect invasion, metastasis, and programmed cell death.
Therefore, other experimental techniques combining with this protocol will be more practical for
the proper understanding of miRNA functions, which ultimately contribute to identifying
multitudinous biologically relevant targets of miRNAs.

Calculation of the half maximal inhibitory concentration (ICsp) is an important method not only
for the miRNA studies but also for the efficacy evaluation of other anti-cancer drugs. 1Cso values
can be used to compare the potential effects of several miRNAs or anti-cancer drugs on cell
proliferation. It has been demonstrated that the combination of a miRNA-based therapy with
anti-cancer drugs can provide an exceptional opportunity to improve the anti-cancer drug’s
efficacy. Furthermore, the combination of miRNAs with anti-cancer drugs can be a novel
approach to overcome chemoresistance3?33, For the evaluation of combination efficiency, it is
advantageous to calculate adjusted ICx values based on our protocol for the assessment of
combination index (Cl) which allows the quantitative estimation of synergism or antagonism3334,

Intracellular signaling networks can be widely disorganized by anomalously expressed miRNAs in
numerous diseases including cancers. However, signaling networks convolutedly affected by
miRNAs are still mostly unknown since the small proportion of target genes have been
experimentally validated, and target genes are also regulated via non-canonically reacting with
miRNAs3>. Nonetheless, our strategy and protocol are reliable methods for deciphering the
cellular mechanisms of miRNAs. In addition, our protocol can be further extended to implement
and evaluate the combination of miRNAs and other anti-cancer drugs.

ACKNOWLEDGMENTS

This study was supported by Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education (2017R1D1A3B03035662); and
Hallym University Research Fund, 2017 (HRF-201703-003).

DISCLOSURES
The authors have nothing to disclose.



613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656

REFERENCES

1

10

11

12

13

14

15

16

17

He, L. & Hannon, G. J. MicroRNAs: small RNAs with a big role in gene regulation. Nature
Reviews Genetics. 5 (7), 522-531 (2004).

Park, J. K., Doseff, A. 1. & Schmittgen, T. D. MicroRNAs Targeting Caspase-3 and -7 in PANC-
1 Cells. International Journal of Molecular Sciences. 19 (4) (2018).

Park, J. K. et al. MicroRNAs-103/107 coordinately regulate macropinocytosis and
autophagy. Journal of Cell Biology. 215 (5), 667-685 (2016).

Henry, J. C. et al. miR-199a-3p targets CD44 and reduces proliferation of CD44 positive
hepatocellular carcinoma cell lines. Biochemical and Biophysical Research
Communications. 403 (1), 120-125 (2010).

Hoefert, J. E., Bjerke, G. A., Wang, D. & Yi, R. The microRNA-200 family coordinately
regulates cell adhesion and proliferation in hair morphogenesis. Journal of Cell Biology.
217 (6), 2185-2204 (2018).

Anfossi, S., Fu, X., Nagvekar, R. & Calin, G. A. MicroRNAs, Regulatory Messengers Inside
and Outside Cancer Cells. Advances in Experimental Medicine and Biology. 1056 87-108
(2018).

Khoshinani, H. M. et al. Involvement of miR-155/FOX03a and miR-222/PTEN in acquired
radioresistance of colorectal cancer cell line. Japanese Journal of Radiology. 35 (11), 664-
672 (2017).

Gao, Y. et al. MicroRNA-155 increases colon cancer chemoresistance to cisplatin by
targeting forkhead box O3. Oncology Letters. 15 (4), 4781-4788 (2018).

Catanzaro, G. et al. Loss of miR-107, miR-181c and miR-29a-3p Promote Activation of
Notch2 Signaling in Pediatric High-Grade Gliomas (pHGGs). International Journal of
Molecular Sciences. 18 (12) (2017).

Akbari Mogadam, F., Pieters, R. & den Boer, M. L. The hunting of targets: challenge in
mMiRNA research. Leukemia. 27 (1), 16-23 (2013).

Brown, R. A. M. et al. Total RNA extraction from tissues for microRNA and target gene
expression analysis: not all kits are created equal. BMC Biotechnology. 18 (1), 16 (2018).
Kim, Y. K., Yeo, J., Kim, B., Ha, M. & Kim, V. N. Short structured RNAs with low GC content
are selectively lost during extraction from a small number of cells. Molecular Cell. 46 (6),
893-895 (2012).

Schmittgen, T. D. & Livak, K. J. Analyzing real-time PCR data by the comparative C(T)
method. Nature Protocols. 3 (6), 1101-1108 (2008).

Livak, K. J. & Schmittgen, T. D. Analysis of relative gene expression data using real-time
guantitative PCR and the 2(-Delta Delta C(T)) Method. Methods. 25 (4), 402-408 (2001).
Park, J. K., Seo, J. S., Lee, S. K., Chan, K. K. & Kuh, H. J. Combinatorial Antitumor Activity of
Oxaliplatin with Epigenetic Modifying Agents, 5-Aza-CdR and FK228, in Human Gastric
Cancer Cells. Biomolecules & Therapeutics. 26 (6), 591-598 (2018).

Xia, X. et al. Downregulation of miR-301a-3p sensitizes pancreatic cancer cells to
gemcitabine treatment via PTEN. American Journal of Translational Research. 9 (4), 1886-
1895 (2017).

Lee, K. H. et al. Epigenetic silencing of MicroRNA miR-107 regulates cyclin-dependent
kinase 6 expression in pancreatic cancer. Pancreatology. 9 (3), 293-301 (2009).



657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

van Tonder, A., Joubert, A. M. & Cromarty, A. D. Limitations of the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay when compared to three
commonly used cell enumeration assays. BMC Research Notes. 8 47 (2015).

Wang, P., Henning, S. M. & Heber, D. Limitations of MTT and MTS-based assays for
measurement of antiproliferative activity of green tea polyphenols. PloS One. 5 (4),
10202 (2010).

Wou, L. & Belasco, J. G. Let me count the ways: mechanisms of gene regulation by miRNAs
and siRNAs. Molecular Cell. 29 (1), 1-7 (2008).

Jin, Y., Chen, Z,, Liu, X. & Zhou, X. Evaluating the microRNA targeting sites by luciferase
reporter gene assay. Methods in Molecular Biology. 936 117-127 (2013).

Ma, Z. et al. Gamma-synuclein binds to AKT and promotes cancer cell survival and
proliferation. Tumour Biology. 37 (11), 14999-15005 (2016).

Pan, Z. Z., Bruening, W., Giasson, B. I., Lee, V. M. & Godwin, A. K. Gamma-synuclein
promotes cancer cell survival and inhibits stress- and chemotherapy drug-induced
apoptosis by modulating MAPK pathways. Journal of Biological Chemistry. 277 (38),
35050-35060 (2002).

Martinez-Sanchez, A. & Murphy, C. L. MicroRNA Target Identification-Experimental
Approaches. Biology (Basel). 2 (1), 189-205 (2013).

Lee, E. J. et al. Expression profiling identifies microRNA signature in pancreatic cancer.
International Journal of Cancer. 120 (5), 1046-1054 (2007).

Nuovo, G. J. et al. A methodology for the combined in situ analyses of the precursor and
mature forms of microRNAs and correlation with their putative targets. Nature Protocols.
4 (1), 107-115 (2009).

Schmittgen, T. D. et al. Real-time PCR quantification of precursor and mature microRNA.
Methods. 44 (1), 31-38 (2008).

Diederichs, S. & Haber, D. A. Dual role for argonautes in microRNA processing and
posttranscriptional regulation of microRNA expression. Cell. 131 (6), 1097-1108 (2007).
Orellana, E. A. & Kasinski, A. L. Sulforhnodamine B (SRB) Assay in Cell Culture to Investigate
Cell Proliferation. Bio Protocol. 6 (21) (2016).

Lawrie, C. H. MicroRNAs in hematological malignancies. Blood Reviews. 27 (3), 143-154
(2013).

Quah, B. J., Warren, H. S. & Parish, C. R. Monitoring lymphocyte proliferation in vitro and
in vivo with the intracellular fluorescent dye carboxyfluorescein diacetate succinimidyl
ester. Nature Protocols. 2 (9), 2049-2056 (2007).

Xing, Z., Li, D., Yang, L., Xi, Y. & Su, X. MicroRNAs and anticancer drugs. Acta Biochimica et
Biophysica Sinica. 46 (3), 233-239 (2014).

Moeng, S. et al. MicroRNA-107 Targets IKBKG and Sensitizes A549 Cells to Parthenolide.
Anticancer Research. 38 (11), 6309-6316 (2018).

Chou, T. C. Drug combination studies and their synergy quantification using the Chou-
Talalay method. Cancer Research. 70 (2), 440-446 (2010).

Flamand, M. N., Gan, H. H., Mayya, V. K., Gunsalus, K. C. & Duchaine, T. F. A non-canonical
site reveals the cooperative mechanisms of microRNA-mediated silencing. Nucleic Acids
Research. 45 (12), 7212-7225 (2017).



Figure 1 Click here to access/download;Figure;Figure 1.TIF 2

Figure 1

Mature mIRNA expression analysis &
selection of a miRNA of interest

= Frobe-based real-lime PCH -

Functional study of the selected miRNA

- miRMA mimic transfaction -
- 5FB assay -
- Dose-rasponss curve ganaraton -

- Tamet prediction pregram -
- Pubmed (lterature search) -
- GeneCards (gene description and function] -

Varification of the direct target gene of a miRNA of interest

= Cloning of 3° UTR and luciferase assay -
= Reaktima PCR -
= Westarn blot =

c [ Selection of candidate target genes of a miRNA of interest

N Al N



https://www.editorialmanager.com/jove/download.aspx?id=996293&guid=7bfb2bd0-c983-40ba-8d04-36b386ffb730&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996293&guid=7bfb2bd0-c983-40ba-8d04-36b386ffb730&scheme=1

Click here to access/download;Figure;Figure 2.TIF %

Figure 2
Figure 2
A
PANC-1 CAPAN-1 HPME
Add 254 mg of total RNA
DHNase | mixture
- DMase | -
- Ribonuciease Inhibitor -
Add 4.5 pL of - 25 mM MgCl; -
Strip- CMase | mixfure

tubes and ulirapure
water added up to Ultrapure water

18 yL in-each

tube

Incubate the PCR sirip-lubas at 80 °C for &
miry, then at 60 °C for § min. Put the sirip-
lwbes immedialely on ice

I | RT enzyme | RT enzyme
|| TRV . mix
v W v | SXRT primer
for miR=-301 |
(1) Transter 7.1 L of DNase | mixture T g =
treated total RMNA into 2 sels of new
strip-tubes | H H H H |

HH|] | HH
I i (] | ' g Y y
1 |I 1 'I k | | I, lI I. ,I 'Il\-f'lll III'J II'\.-"Ir II"\-.'.-"|I lI"--"III Illl._,r'l
vV Vv V¥ v VW _
Incubale the PCR strip-tubes at 16 °C for

(2) Add 1.5 yL of antisense primers in 30 mim, 42 °C for 30 min, 85 °C for 5 min,
gach fube and then hold at 4 °C to generate singhe-
strandad cDNAs for a specific miRNA and
GAPDH
C p<0.01
p<0.01 —
00N __| (PR ERT
= ,@ (L0005 ]_ =] g e l
E ﬂ E u 0,015
W 000 o E
- r o 0.0008 &
E' = (00018 ! g' % |
o o 0.0006
E E
'E @ . l "E g G0
E 3 E | 1
g leton l g 000z
E] k]

y ?'}U"-. Gpg?“‘h ‘ﬁ?‘{o . #.\!;fﬂ CF? yf"ﬂ \ﬁ"}%


https://www.editorialmanager.com/jove/download.aspx?id=996294&guid=aafae4f4-843c-4d1c-a622-c8caf3975f23&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996294&guid=aafae4f4-843c-4d1c-a622-c8caf3975f23&scheme=1

Figure 3 Click here to access/download;Figure;Figure 3.TIF %

Figure 3
F"': :““m'”“ 0 nM 1nM SnM 10 nM 25 nM 50 nM 100 nM
media (L) 485 a85 485 48.5 485 485 48.5
miRNA contral mimic (stock 25 pM)
Stock dilution fold i} 1.01 1.05 1.1 133 o 4
(25 uM) | (24.75 pM) | (23.75 pM) | (22.5pM) | (18.75 pM) | (12:5 pM
Control mimic or 0.6
ultrasire water (o) 0.6 i 06 0.6 0.6 (waier)
miRNA-107 mimic (stock 25 pM)
Stock dilution fald 100 20 10 4 2 0
(concentration} B (025 M) | (125 M) | (25uM) | (625 pM) | (125 pM) | (25 uM)
mIRMA-107 mimic or 0.6 o6 e i o S ok
. - a ' ' : '
{51
Feiaick k) :1::1 0.3 0.3 0.3 0.3 0.3 0.3
Total (pL}iwell 50 50 50 50 50 50 50

Scale up each volumea 5 imes o gel the enough amount of mixtures for 4 walls per conceniration

mg’;:“ﬂ‘l‘f::;ﬂm 0 M 1 nM SoM | 10nM | 250M | 50nM | 100mnM
Reducad-serum ;
fia (L) 2425 E-!E.E 2425 2425 2425 2425 2425
miiRNA control mimlc {stock 25 M)
Stock dilution fold 1) 1.04 1.05 1.11 1.33 .2
(25 M) | {24.75 uM) | (23.75 M) | (225 M) | (1875 uh) | (12.5 )
Control mimic or 4 9 5 3 3 5 3
ubtrapure water (L} [waler)
miRNA-107 mimic (stock
Stock dilution fold 100 20 10 W* 2 L
{concentration) (025 pM) | (1.250M) | (25uM) | {(B.25uM) | (12.5uM) | (25uM)
miRNA-10T mirnic or 3 3 3 3 3 3 5
ultrapure water {ul) {waber)
Transfection
At fu -‘-_5 1£ 1.-5: 15 1.5 1.5 1.5
Total (pL)wall 250 250 250 250 250 250 250

Acdd 50 Pl of mpdures nto each well

E miFNA conirl mimic concantistion (k)
Wo % B W N N 0
miR A& 07 mimis concentratian (nh)

iRk control mimis concenbration (nh)
100 B4 a5 o) TS 50 [§]
iR M- 10T mnived concanralsan (Al
Elank ] 1 5 10 b 50 10D



https://www.editorialmanager.com/jove/download.aspx?id=996295&guid=cc51b6bf-af2a-496a-8e14-90579cf0d29f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996295&guid=cc51b6bf-af2a-496a-8e14-90579cf0d29f&scheme=1

Figure 4

Click here to access/download;Figure;Figure 4.TIF *

Figure 4
A
n Tha k wahuee [IC..} i calculatod in this
rarge wsing Equation 1
& nl— -~ ® ) :
5 T
= Hajiastod k and othar 1Cx
£ f:;um values are calculated in this
1 2
2 ¥ k54870 \'\ R B
g ae | R:10.5339 .
“® |
a1 1 1] 10
miIRNA=10T mimic (nkd}
S E - Tl =
Equation il .
E=(y0-RY(1-x"nfik*n+x"n)}+R o A I
fitftoy
Variables
% = col{1)
y=cdd)
Initial parameters e e ok
v0 = max(y)-minfy) “Auto P T =
n= 0.5 "Aulo i ;
k= %50{x,y) “Auta £
R = min(y} "Aulc
Gonstraints
n={
y0=100 e ks | Dok
R=0 = il - CE e
D
Al A ] (] [ D E
1 Cabculation of adjusted values of 1Cx
¢ Parameters from Figure 4C [[=3 % cell viahility Iy values
3 n 15178 10 B0 140052443 | ={(100-03)(D3-3B55))M1/5853) 5854
i k 5457 W20 B 2 4160966226
5 R 105338 30 T 346006733
3 1CAD &0 4.TT0ATE207
T 50 50 6 4124555946
& ICED 40 B.TEER2A238
] 70 30 12.7600332 | Apply the formula
10 1CEQ i) 22 3868RE5E. | by dragging down
11 iced o] LI -



https://www.editorialmanager.com/jove/download.aspx?id=996296&guid=524f88d8-3e51-4b50-8110-6ea552a3f168&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996296&guid=524f88d8-3e51-4b50-8110-6ea552a3f168&scheme=1

Figure 5 Click here to access/download;Figure;Figure 5.TIF =

Figure 5

Annanling El
iRt Gl ot SR W Iuﬁ&wrua
w | ] T
Mok & & % 9 Voo - PCR amplification - Luciferase vaclar
- Doubde digestion -
- Ligation - Raniiln
R ] AT [ 1
Fd 15
Lie PCH inzon
O Gk [AUTR ol @ fpena)
c: Rasuspend E. coll
in 80 pL af Colony  Mamer W1 O §2 #3 ® E#5 86
ultrapure waler #1182 83 w4 85 & PCR
Tennsler 2% gl of
E. coli Suspension
(D) m2 03 w4 (35) #6 Isolation of vectors harboring
:m 2 UTR of a gane for the
it LB lucilarase assay
broth
miRMA contral mimic + E
miRMA- 10T mimic . 4+ | :
} Measurement i
Liscifarase conalructs + . Tr:unrﬂﬁfuh:ﬂ ey | Ratio (RIF) T"'“’“E:J:_:Im
g r-f | Firafty :F!_&_nllla
PN o 1045 332 31.6
e ol mimie =1
i \ ! ik G 3413 348 100+6.4
ot N 110 | 3401 | 308
YN 52 2077 | 226
7N miRMNA&-10T mirmic T i
A voonstuts |—\14_| 264 | w07 | es8:32
B walla in @ D4-wall plates 101 | 2108 209



https://www.editorialmanager.com/jove/download.aspx?id=996297&guid=3c1369d3-8cca-4467-a2aa-a987124298e7&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996297&guid=3c1369d3-8cca-4467-a2aa-a987124298e7&scheme=1

Figure 6 Click here to access/download;Figure;Figure 6.TIF =

Figure 6

Bl miRNA control mimic
miRNA-107 mimic

13D =
g
z
Lin]
I
T &0
o
B
[17]
.
= 20
o -
e Al oM o O a)
S o -:;f*w (P *E,ecp

o


https://www.editorialmanager.com/jove/download.aspx?id=996298&guid=a5be2247-bfca-4bca-8fa5-5764a75ccc19&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996298&guid=a5be2247-bfca-4bca-8fa5-5764a75ccc19&scheme=1

Table 1
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Detection miRNA GAPDH
Components

Master mix for probe-based real-time PCR (2X) 10 uL -
Master mix for dye-based real-time PCR (2X) - 10 uL
Probe mixture (5X) 4 uL -
GAPDH primers (1 uM each) - 4 uL
Diluted cDNA (1:49) 6 pL 6 plL
Total volume 20 uL 20 pL

L]
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Table 2
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Components 1X reaction 7Xreaction
5X buffer 5 uL 35 pulL
dNTP mixture (2.5 mM each) 2 uL 14 uL
Primers (10 uM each) 1ul 7 uL
Genomic DNA (2 ng/uL) 16.5 pL 115.5 puL
Polymerase 0.5 uL 3.5uL
Total volume 25 uL 175 plL

L]
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Components

1X reaction

10X buffer
PCR products or vectors

Xhol (or AsiSl) restriction enzyme
Notl restriction enzyme
Ultrapure water

Total volume

5uL

PCR products: 25 pL
Vectors: 1-2 ug

2 uL

2 uL

X ML

50 plL

L]


https://www.editorialmanager.com/jove/download.aspx?id=996364&guid=a5cc4a39-8a79-49d2-81b1-047e4cc29bfd&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996364&guid=a5cc4a39-8a79-49d2-81b1-047e4cc29bfd&scheme=1

Table 4
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Components 1X reaction
10X buffer 2 uL
Vectors (double digested) 50 ng

PCR products (insert) X UL

Ligase 200U
Ultrapure water y uL

Total volume 20 L

L]
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Table of Materials

Name of Material/ Equipment
15 mL conical tube
24-well plate
50 mL conical tube
6-well plate
6X DNA loading dye
8-cap strip
8-tube strip
96-well plate
Acetic acid
Agarose A
Alkaline phosphatase
Ampicillin
AriaMx 96 tube strips
AriaMx real-time PCR system
AsiS|
CAPAN-1 cells
Cell culture hood
Counting chambers with V-slash
CutSmart buffer
DMEM
DNA gel extraction kit
DNA ladder
DNase |

Dual-luciferase reporter assay system
Fetal bovine serum

HIT competent cells

HPNE cells

LB agar broth

Lipofectamine 2000
Lipofectamine RNAiMax
Luminometer

Microcentrifuge tube
Microplate reader

miRNA control mimic
mMiRNA-107 mimic

miRNeasy Mini Kit

Mupid-2plus (electrophoresis system)
Notl

Oligo explorer program

Optical tube strip caps (8X Strip)
Opti-MEM

PANC-1 cells
Penicillin/streptomycin
Phosphate buffer saline

Plasmid DNA miniprep S& V kit
PrimeSTAR GXL DNA polymerase

Click here to access/download;Table of Materials;Materials and

Equipments_JK Park.xIsx

Company
SPL Life Sciences
Thermo Scientific
SPL Life Sciences
Falcon
Real Biotech Corporation
Applied Biosystems
Applied Biosystems
Falcon
Sigma
Bio Basic
New England Biolabs
Bio basic Canada Inc
Agilent Technologies
Agilent Technologies
New England Biolabs
ATCC
Labtech
Paul Marienfeld
New England Biolabs
Gibco
Bionics
NIPPON Genetics EUROPE
Invitrogen

Promega

Gibco

Real Biotech Corporation(RBC)
ATCC

Bio Basic

Invitrogen
Invitrogen

Promega

Eppendorf

TECAN

Ambion

Ambion

Qiagen

TaKaRa

New England Biolabs
Genelink

Agilent Technologies
Gibco

ATCC

Gibco

Gibco

Bionics

TaKaRa

Catalog Number
50015
142475
50050
353046
RD0O06
N8010535
N8010580
353072
A6283-1L
D0012
M0290S
AB0028
401493
G8830A
R0630
HTB-79

650010
B7204S
11965-092
DN30200
MwD1
18068015

E1910
26140-079
RH617
CRL-4023
SD7003
11668-027
13778-075

22431021

4464058
4464066
217004

R3189

401425
31985-070
CRL-1469
15140-122
14040117
DN10200
RO50A

*
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Shaker

Shaking incubator
Sigmaplot 14 software
Sulforhodamine B powder
SYBR green master mix
T4 DNA ligase

TagMan master mix

TagMan microRNA assay (hsa-miR-107)

TagMan microRNA assay (hsa-miR-301)
TagMan miR RT kit

Thermo CO, incubator (BB15)
Trichloroacetic acid

Trizma base

Ultrapure water

Veriti 96 well thermal cycler

Xhol

TECAN

Labtech

Systat Software Inc
Sigma

Smobio

TaKaRa

Applied Biosystems

Applied Biosystems

Applied Biosystems
Applied Biosystems

ThermoFisher Scientific

Sigma

Sigma

Invitrogen

Applied Biosystems

New England Biolabs

51402-5G
TQ12001805401-3
2011A

4324018

4427975

4427975
4366597

91228-100G
T4661-100G
10977-015

R0146



Comments/Description

1mL
For cDNA synthesis
For cDNA synthesis

1L

500 g

10,000 U/mL

25¢g

For real time PCR

gPCR 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

250g
0.75mL
0.75mL
Model: E5311

Infinite F50

5 nmole

5 nmole

50 prep

Model: AD110
20,000 units/mL
For primer design
For real time PCR
500 MI

100 mL

1000 mL
200 prep
250 units



Shaking platform

Model: LSI-3016A

For dose-response curve generation
5g

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 °Cand 5% CO, incubation

100 g

100 g

500 mL

For amplification of DNA (or cDNA)
20,000 units/mL



Author License Agreement (ALA)

jove

VISUALIZED EXPERIM:

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

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Target Identification and Functional Study of MicroRNA

Author(s):

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

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

QStandard Access

Item 2: Please select one of the following items:

D Open Access

QThe Author is NOT a United States government employee.

DThe 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.

DThe 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 Mylove 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.
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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

ARTICLE AND VIDEO LICENSE AGREEMENT

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 JoOVE 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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: Jong Kook Park

Department: Department of Biomedical Science

Institution: Hallym University

Title: Professor

Signature: me Kook ik pate: | Dec 30, 2018
A

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
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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, Tagman and RNAIMAX was changed to probe-based and


https://www.editorialmanager.com/jove/download.aspx?id=996320&guid=4f3e6fa8-a177-4d1a-ae3d-eb62957a5e29&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=996320&guid=4f3e6fa8-a177-4d1a-ae3d-eb62957a5e29&scheme=1

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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Supplementary Figure 1: The derivation of equation 2 from the equation 1. Equalion 2 is
derived from Equation 1 for the calculation of adjusted 1Cx values,
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Supplementary Figure 2: Primer information

Genes Direction Sequences
RASGRF1 Sansa B CTG CCT CGAGTC TCT CCG AAT AGA ACC AAA T
Antisense 5 ATT AGC GGG CGC ATAATT CAT TTAATT CTACTC TGT AAT GAG &'
SHIGL2 Sense 5 CTG CCT CGAGGATGT TAT GCT GGC TGG LT 3 B
Antisense 5 ATTAGC GGC CGC TTTGGT TCT GTC TTCAGC AATATT TATTG 2
CDC25A  Sense 5 CTG CCT CGAGAG TCG TCT GAA GAAGCT CTG 3
Antisense 5 ATT AGC GGC CGC TCC TTAAAT CCA TCAAGAACT AGG 3
PDE4B ‘Sense 5 CTG CCT CGAGGT TGG TTT CAT CGACTAGAT TGTC S
Antisense 5 ATT AGC GGC CGC TAATCT AAT CAT GCT TTT CTT TAT TCAGCT 3
TLR4 Sansa S ATATGL GAT CGC AGA GGA AL ATA AMA MG TCCT S
Antizense 5' ATT AGC GGG CGL GAT ATT ATAAAA CTG CAT ATA TTT AAT GTATAG 3
SLAMF1 Sense 5 CTG CCT CGA GCA CCA GAG AGC AAC AAA GGG AC 3 -
Antisansa 5 ATT AGC GGG CGC TTG CAATTT COT TGATGG ACT GG GT 3
SLK Sense 5 CTG CCT CGA BCAANG GGAAGC ATT CTG TG 3
Antisense EATTAGC GGC CEC AAC ATTATACTGTCATIT TTATOA TAS CAA T
ATGSA Sense 5 CTG CCT CGA GAC AMG GCT GAG CAG GGTT 3
Antisense 5 ATT AGC GGC CGC TCT GGT CAAACT CCC TTT TTATTAAGG 3
PRKCI Sansa 5 CTG CCT CGAGTC CTCATT TTTCAACCATGTATTCTAC 3
Antisense 5 ATT AGC GGG CGC TCAATG GGT ATT ATA CAT TTTATT TAAAGAC 3
PCSKS Sense 5 CTG CCT CGA GAC CAA CAC CAC CAT TCCA S
Anlisense 5 ATTAGC GGG COC TG TCT TGATITAAT TTTATT TCCAAT T 3
SNCG Sense 5 CTG CCT CGA GAG ACT AGA GGG CTACAG G &
Antisense EATTAGC GGC CGC CAG GAG TGG GCTCAAGTITT I
GAPDH 5 GAAGGT GAA GGT CGGAGT C ¥
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5 GAA GAT GGT GAT GGG ATT TC 3
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