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SUMMARY:  20 
Described here is a protocol for characterizing modules of biologically synergistic miRNAs and 21 
their assembly into short transgenes, which allows simultaneous overexpression for gene therapy 22 
applications. 23 
 24 
ABSTRACT:  25 
The biological relevance of microRNAs (miRNAs) in health and disease significantly relies on 26 
specific combinations of many simultaneously deregulated miRNAs rather than the action of a 27 
single miRNA. The characterization of these specific miRNAs modules is a fundamental step in 28 
maximizing their use in therapy. This is extremely relevant because their combinatorial attributes 29 
can be practically exploited. Described here is a method to define a specific miRNA signature 30 
relevant to the control of oncogenic chromatin repressors in glioblastoma. The approach first 31 
defines a general group of miRNAs that are deregulated in tumors in comparison to normal tissue. 32 
The analysis is further refined by differential culture conditions, underscoring a subgroup of 33 
miRNAs that are co-expressed simultaneously during specific cellular states. Finally, the miRNAs 34 
that satisfy these filters are combined into an artificial polycistronic transgenes, which is based 35 
on a scaffold of naturally existing miRNA clusters genes, then used for overexpression of these 36 
miRNA modules into receiving cells.  37 
 38 
INTRODUCTION:  39 
 40 
miRNAs offer an unmatched opportunity for the development of a broad gene therapy approach 41 
to many diseases1-3, including cancer4,5. This is based on several unique features of these 42 
biological molecules, including their small size6, simple biogenesis7, and natural tendency to 43 
function in association8. Many diseases are characterized by specific miRNA expression patterns, 44 
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which often converge on the regulation of complex biological functions9. The purpose of this 45 
method is first to define a strategy to identify groups of miRNAs that are synergistically relevant 46 
for specific cellular functions. Consequently, it provides a strategy for the re-establishment of 47 
such miRNA combinations in downstream studies and applications.  48 
 49 
This method allows for functional analysis of multiple miRNAs at once, leveraging on their 50 
simultaneous targeting of a large number of mRNAs, thus recapitulating the complex landscapes 51 
of diseases. This approach has been recently employed to define a group of three miRNAs that 52 
1) are simultaneously downregulated in brain cancer and 2) show a strong co-expression pattern 53 
during neural differentiation as well as in response to genotoxic stress by radiation or a DNA 54 
alkylating agent. The combinatorial re-expression of this module of three miRNAs by the 55 
clustering method described below results in profound interference with the biology of cancer 56 
cells and can be easily used as a gene therapy strategy for preclinical studies10. This protocol may 57 
be of particular interest to those involved in miRNA research and its translational applications.  58 
 59 
PROTOCOL: 60 
 61 
1. Characterization of functionally associated miRNAs in glioblastoma 62 
 63 
1.1. Analysis of broad differential miRNA expression in glioblastoma vs. brain 64 
 65 
1.1.1. First, determine the most significantly deregulated miRNAs in the tumor. This can be 66 
achieved using at least three different methods: 67 
 68 
1.1.1.1. Mine the Cancer Genome Atlas, found at <https://www.cancer.gov/about-69 
nci/organization/ccg/research/structural-genomics/tcga>, for sequencing data11. 70 
 71 
1.1.1.2. Perform microarray analysis from a fresh operative specimen12. 72 
 73 
1.1.1.3. Use previously published datasets13. 74 

 75 
NOTE: Whichever method is chosen, the output provides a bulk set of miRNAs whose expression 76 
is statistically correlated (either directly or inversely) with tumor biology. This initial group 77 
constitutes the pool of miRNAs that are further analyzed for the identification of a subset of 78 
miRNAs displaying the most stringent functional association by performing a more dynamic 79 
analysis of expression changes, as discussed below.  80 

 81 
1.2. Condition-specific miRNA expression analysis 82 
 83 
1.2.1. Induction of cell differentiation: 84 
 85 
1.2.1.1. Use pre-coated poly-D-lysine (PDL) plastic dishes to favor the formation of a monolayer 86 
culture. For dish coating, dissolve PDL in water at a concentration of 100 µg/mL. Use 1 mL of 87 
solution per 25 cm2 surface. Rinse 2x with PBS 6 h after application of the PDL solution.  88 



   

 89 
1.2.1.2. Plate human neural stem cells in equal amounts (100,000 cells/5 mL) either in stem cell 90 
medium (neurobasal medium + B27 supplement + 20 ng/mL EGF/FGF), astrocytic differentiation 91 
medium (DMEM + 10% FBS), or neuronal differentiation medium (neurobasal medium + B27 92 
supplement, + 2 µM retinoic acid)14. The protocol for oligodendrocyte differentiation requires 93 
addition of IGF-1 (200 ng/mL) after EGF/FGF removal14,15. 94 
 95 
1.2.1.3. After cell plating, place in incubator for 1 week at 37 °C, 5% CO2. 96 

 97 
1.2.2. RNA extraction: 98 
 99 
1.2.2.1. After 7 days, remove the cells from the incubator and remove the medium.   100 
 101 
1.2.2.2. Wash the cells with PBS (5 mL). Then, add 1 mL of lysis reagent (see Table of Materials) 102 
to lyse the cells and scrape the cells into 1.5 mL microfuge tube using a cell scraper. Keep the 103 
tubes containing the lysed cells at room temperature (RT) for 5 min.  104 
 105 
1.2.2.3. Proceed to total RNA isolation following the manufacturer’s instructions. 106 

 107 
1.2.3. miRNA expression analysis: 108 
 109 
1.2.3.1. Quantify the differential expression of specific miRNAs identified in step 1.1 among the 110 
three differentiation patterns by real-time PCR, using TaqMan probes and following the 111 
manufacturer’s protocols for reverse transcription and PCR amplification (Figure 1). 112 

 113 
1.3. Validation of miRNA clusters by stress-specific challenges 114 
 115 
1.3.1. Culture G34 glioblastoma stem-like cells in neurobasal medium + B27 supplement + 20 116 
ng/mL EGF/FGF. Start with 1 x 106 cells in 5 mL in a 25 cm2 low attachment flask.  117 
 118 
1.3.2. Starting 48 h after plating, add doubling concentrations of DNA alkylating agent 119 
temozolomide (TMZ) every 5 days, as follows: 120 
 121 
1.3.2.1. Start with 5 µM for 5 days. After 5 days, remove the medium and replace with fresh 122 
medium without temozolomide, to allow the surviving cells to recover. After 48 h, add 10 µM 123 
TMZ and incubate for another 5 days.  124 
 125 
1.3.2.2. Repeat step 1.3.2.1, doubling TMZ concentration each time, until a concentration of at 126 
least 100 µM is reached and cells become resistant to the drug10.  127 
 128 
1.3.3. In a parallel experiment, irradiate G34 cells as follows:  129 
 130 
1.3.3.1. Starting 48 h after plating 1 x 106 cells in 5 mL in a 25 cm2 low attachment flask, irradiate 131 
cells with 2 Gy of energy (any irradiator providing photon emission is acceptable). Return the cells 132 



   

to the incubator and do not disturb. After 48 h, irradiate the cells again with additional 2 Gy of 133 
energy. 134 
 135 
1.3.3.2. Repeat step 1.3.3.1 4x until a total of 10 Gy of energy is administered. 136 
 137 
1.3.3.3. Return the cells to the incubator and let them recover in fresh medium for at least 5 days 138 
before downstream analysis.   139 
 140 
1.3.4. After the induction of resistance, lyse cells using lysis reagent and extract total RNA 141 
according to the manufacturer’s protocol. 142 
 143 
1.3.5. Analyze the expression of the specific miRNAs identified in sections 1.1–1.2 as described 144 
in step 1.2.1 (Figure 2). 145 

 146 
1.4. Characterization of the functional convergence of clustered miRNAs 147 
 148 
1.4.1. Obtain the predicted targetome of each miRNAs defined in sections 1.2–1.3 obtained using 149 
miRNA targeting prediction tools.  150 
 151 
NOTE: We generally resort to TargetScan, as its algorithm is periodically updated16. Additional 152 
prediction tools are miRanda17, miRDB18, and DIANA-miRPath19. All these programs are free, 153 
web-based applications.  154 
 155 
1.4.1.1. From the front page of Targetscan, select the miRNA of interest from the pre-populated 156 
drop-down menu. Click the Submit button. 157 
 158 
1.4.1.2. Download the resulting list of targets as a spreadsheet using the Download table link 159 
(Supplementary Figure 1). 160 
 161 
1.4.1.3. To decrease the chances of false positive predictions, include only targets within the 162 
conserved sites column in downstream analyses. Also, further stringency can be obtained by 163 
using additional miRNA prediction programs (see above) and only including targets that are 164 
common to all algorithms. 165 

 166 
1.4.2. Classify the resulting targetomes according to Gene Ontology categories using ToppGene 167 
Suite20 to evaluate for the enrichment of pathways that are common to each miRNA.  168 
 169 
1.4.2.1. Paste the list of targets obtained from step 1.4.1 in the “Training gene set” window, using 170 
HGNC symbol as the entry type. Click Submit > Start. The program will provide an output table 171 
showing the most significant “Go” categories for the entered list of genes (Supplementary Figure 172 
2). 173 
 174 
1.4.3. To finally establish the contribution of each miRNA to the regulation of a common pathway 175 
or cellular process (in this case, chromatin regulation), check each targetome obtained in step 176 



   

1.4.1 against the full list of genes involved in the specific cellular process (i.e., chromatin 177 
regulation), using the Venn diagram function provided in the Bioinformatics and Evolutionary 178 
Genomics website <http://bioinformatics.psb.ugent.be/webtools/Venn>. 179 
 180 
NOTE: This program allows the intersection of multiple groups at the same time (Figure 3). The 181 
specific unique targets provided by each miRNA are then annotated and selected for downstream 182 
functional experiments. 183 
 184 
1.4.3.1. In the front page of the program, upload or copy/paste the list if target mRNAs for each 185 
miRNA or interest in the respective windows. Name each list with a unique identifier. 186 
 187 
1.4.3.2. Click Submit. The program will provide a visual output of a Venn diagram with numbers 188 
of genes in each sector, as well as a full list of mRNAs for each subset and intersection 189 
combinations.  190 

 191 
2. Assembly of miRNA modules into a polycistronic transgenic cluster 192 
 193 
2.1. Preparation of transgenic scaffold based on miR-17-92 cluster locus 194 
 195 
2.1.1. Obtain the nucleotide sequence of the miR-17-92 cluster from the Ensembl genome 196 
browser21. Select the ~800 base pair “core” sequence encompassing all six encoded miRNA 197 
hairpins of the locus and at least 200-nucleotide flanking sequences both upstream (5’) and 198 
downstream (3’) of the core sequence.  199 
 200 
2.1.2. Paste the sequence above into any word editing program. 201 
 202 
2.1.3. Define the sequence of each one of the six native hairpins by retrieving them in miRBase22. 203 
Mark each one of these sequences within the span of the previously identified “core” sequence. 204 
Any sequences between each hairpin represent spacer sequences, which are important for the 205 
correct processing of the transgene.  206 
 207 
2.1.4. Remove the native hairpin sequences from the “core” sequence, with the exception of 3–208 
5 nucleotides at both the 5’ and 3’ ends of each hairpin, which will serve as an acceptor for the 209 
new hairpins. 210 

 211 
2.2. Building a new transgene encoding multiple miRNAs of choice 212 
 213 
2.2.1. Obtain hairpin sequences of miRNAs intended to be overexpressed in the transgene from 214 
miRBase. Carefully note the specific nucleotides that are the sites of microprocessor cleavage. 215 
 216 
2.2.2. Replace the removed hairpins (step 2.1.4) with the hairpin sequences of the desired 217 
miRNAs obtained in step 2.2.1.   218 
 219 
2.2.3. Add desired restriction sequences at both flanking regions of the transgene to facilitate 220 
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subcloning into delivery vectors of choice. Verify that the chosen restriction sequences are not 221 
present within the sequence itself.  222 
 223 
2.2.4. For negative controls, use 20-nucleotide scrambled sequences to replace the natural 20-224 
nucleotide sequence of each mature miRNA. Generate these scrambled sequences using an 225 
online tool such as <https://genscript.com/tool/create-scrambled-sequence>. 226 

 227 
2.3. Verifying the two-dimensional structure of the transgene 228 
 229 
2.3.1. Copy the full transgenic sequence into the RNA structure prediction software program 230 
RNAweb Fold23.  231 
 232 
2.3.2. Using standard program settings, click Proceed. 233 
 234 
2.3.3. Analyze the graphical output, particularly for the presence of well-defined hairpins and 235 
presence of double-stranded stem structures at least 11 nucleotides proximal to the 236 
microprocessor cleavage site. Also, look for the absence of branching points within the hairpin 237 
sequences (Figure 4).  238 
 239 
3. Obtaining transgenes by DNA synthesis  240 
 241 
3.1. After the design and in silico validation of the chimeric miRNA cluster, obtain the working 242 
sequence using DNA synthesis from commercial vendors24 and proceed with downstream cloning 243 
into vectors and transgene delivery. We have used lentiviral vectors for in vitro delivery10 and 244 
adeno-associated viruses (AAVs) for in vivo intracranial delivery25. 245 
 246 
REPRESENTATIVE RESULTS: 247 
 248 
This method allowed characterization of a module of three miRNAs that are consistently 249 
downregulated in brain tumors, which are co-expressed specifically during neuronal 250 
differentiation (Figure 1) and involved in the tumor survival response after therapy (Figure 2). 251 
This is accomplished by regulating a complex oncogenic chromatin repressive pathway. This co-252 
expression pattern suggested a strong synergistic activity among these three miRNAs (Figure 3).  253 
Consequently, taking advantage of the small size and simple biogenesis of miRNAs, the second 254 
part of this protocol was used to design a transgene (Figure 4) that could simultaneously 255 
recapitulate the expression of the three miRNAs in glioblastoma cells, both in vitro and in vivo, 256 
with significant interference in tumor biology and promising translational applicability (Figure 257 
5A,B,C)10. Additionally, it was demonstrated that the transgenic cluster is also functional in a 258 
breast cancer model (Figure 5D,E).  259 
 260 
FIGURE AND TABLE LEGENDS:  261 
 262 
Figure 1: Characterization of a functional miRNA module in glioblastoma. (A) Volcano plot 263 
representing the differentially expressed miRNAs in human glioblastoma samples (n = 516) vs. 264 



   

normal brain (n = 10) obtained from TCGA. In green are miRNAs with >4-fold difference. The red 265 
circle represents the 10 most significantly downregulated miRNAs in glioblastoma. (B) Relative 266 
expression of the 10 miRNAs selected in (A) during induction of different differentiation pathways 267 
in neural stem cells, showing clear upregulation of the miR-124, miR-128, and miR-137 modules 268 
during induction of neural differentiation. Mean ± SD from three biological replicates (*p < 0.05; 269 
**p < 0.01; ***p < 0.001; ****p < 0.0001; Student’s t-test, two-tailed). This figure has been 270 
modified with permission10. 271 
 272 
Figure 2: Confirmation of co-expression patterns of miRNA modules during genotoxic stress. 273 
Relative expression of the three miRNAs defined in Figure 1 in multiple glioblastoma cells and 274 
cell lines (G62-mesenchymal; MGG4-proneural; U251, U87 pro-neural-like, and T98G 275 
mesenchymal-like glioblastoma cell lines) after induction of resistance to temozolomide (TMZ, 276 
pink bars) or ionizing radiation (RT, green bars). Reported are means with SD from two 277 
independent replicates. This figure has been modified with permission10. 278 
 279 
Figure 3: Analysis of functional convergence of the targetomes of co-expressed miRNAs. Venn 280 
diagram output from the Bioinformatics and Evolutionary Genomics website, simultaneously 281 
crossing the targetome of labelled miRNAs with the mRNAs constituting a GO category of interest 282 
(in this case, chromatin repressors). mRNAs uniquely targeted by single miRNAs were chosen for 283 
further downstream functional studies.  284 
 285 
Figure 4: 2D structure of an engineered miRNA sequence encoding the three miRNAs cluster. 286 
Graphical output from the RNAweb Fold program. Note the presence of three well defined stem-287 
loop structures which represent the hairpins of each respective miRNA (miR-124, miR-128, miR-288 
137) encoded by the transgene.  289 
 290 
Figure 5: Evidence of transgene processing and its downstream biological effect. (A) Relative 291 
quantification of miRNA expression after lentiviral-mediated transduction of G34 glioblastoma 292 
cells with the transgenic miRNA cluster (Cluster 3) or negative control (ctrl). Reported are means 293 
from three independent experiments ± SD. (B) Fluorescence microscope pictures of G34 294 
glioblastoma spheres expressing negative control transgene vs. Cluster 3 transgene. Scale bar = 295 
100 µm. (C) In vivo growth of intracranial human G34 cell xenografts expressing either control or 296 
Cluster 3 transgenes. Scale bar = 1 mm. This figure has been reproduced with permission10.  (D) 297 
Relative quantification of miRNA expression after lentiviral-mediated transduction of MDA-MB-298 
231 breast cancer cells with the transgenic miRNA cluster (Cluster 3) or negative control (ctrl). (E) 299 
Fluorescence microscope images of MDA-MB-231 breast cancer cells expressing negative control 300 
transgene vs. Cluster 3 transgene. Scale bar = 100 µm. All experiments were performed in 301 
triplicates (*p < 0.05; **p < 0.01; Student’s t-test, two-tailed, multiple comparisons). 302 
 303 
Supplementary Figure 1: TargetScan workflow. (A) Home page screenshot, showing selection 304 
options for miRNA search. (B) Representative search results for miR-137. List of target genes is in 305 
the left column. Red box denotes genes with conserved targeting sites (suggesting higher 306 
confidence of real targeting). 307 
 308 



   

Supplementary Figure 2: ToppGene Suite workflow. (A) Home page screenshot showing the 309 
search box where the list of genes to be analyzed is inserted. (B) Representative search result for 310 
the miR-137 targetome, showing the most statistically significant Gene Ontology (GO) categories. 311 
 312 
DISCUSSION:  313 
 314 
This protocol is based on the notion that rather than functioning in isolation, miRNAs are 315 
biologically relevant by working in groups, and these groups are transcriptionally determined by 316 
specific cellular contexts26. To justify this approach from a translational perspective, a follow-up 317 
protocol that allows recreation of this multi-miRNA pattern in cells/tissues is introduced. This is 318 
possible by taking advantage of the relatively simple biogenesis of miRNAs, whereby the 319 
recognition of the characteristic miRNA hairpin by microprocessor is necessary and sufficient for 320 
correct miRNA processing27. At the same time, this minimal requirement allows use of the genetic 321 
scaffold of naturally occurring miRNA clusters as a backbone for the expression of desired miRNA 322 
modules, which are contained within short DNA sequences that can be fitted into any delivery 323 
vectors of choice. The major requirement of this protocol is maintaining the hairpin structure and 324 
sufficient length of the stem component to allow appropriate cleavage. 325 
 326 
There are two major critical considerations regarding the execution of this protocol. The first 327 
point is the accurate determination of the optimal miRNA combinations. This is determined by 328 
careful analysis of not only the miRNA expression signature of cells or tissues compared to 329 
controls, but also of any simultaneous expression changes observed as the cells are 330 
experimentally manipulated. Once a set of miRNAs is defined, it is also fundamental to ascertain 331 
that the artificial modulation of each singularly does not modify expression of the others.   332 
 333 
The second critical aspect concerns the construction of chimeric sequences to artificially 334 
recapitulate this functional miRNA clustering. It is fundamental to abide by the structural 335 
requirements of the miRNA processing machinery, which is the presence of a long enough stem 336 
sequence (measuring at least 11 nucleotides) at the origin of each miRNA hairpin18, as well as 337 
maintenance of original spacing sequences of the native miRNA cluster scaffold. In our 338 
experience, fulfilling these two requirements has consistently yielded appropriate RNA folding 339 
(Figure 4) and resulted in successful multi-miRNA expression. 340 
 341 
The major limitation of this technique is the finite number of miRNAs that can be clustered 342 
together into a functional transgene. We have successfully engineered sequences overexpressing 343 
up to six different miRNAs but observed some decrease in processing efficiency as the number 344 
of hairpins increases. So far the genetic structure of the miR-17-92 cluster has been used, because 345 
it is the one encoding the highest number of hairpin (six) within the shortest DNA sequence (~800 346 
base pairs)8. As there are other natural miRNA clusters, it is anticipated that they could also be 347 
used for this purpose28. Finally, it has been observed that modification of spacing sequences 348 
among the hairpin decreases their processing, so there are some constraints regarding to what 349 
extent the native structure can be modified.  350 
 351 
The most significant and advantageous aspect of this proposed method is that it allows the 352 



   

engineering of transgenes that are able to simultaneously overexpress multiple desired miRNAs 353 
mainly using an in silico approach, limiting the need for tedious and time-consuming molecular 354 
cloning steps, as previously described29-31. The protocol described is easy to execute and does 355 
not require specialized equipment or skills. 356 
 357 
In consideration of the recognized importance of miRNAs in molecular biology and their potential 358 
in therapeutic applications, this protocol is of interest to a large audience of researchers. This 359 
approach is expected to encourage future studies that focus on the combinatorial properties of 360 
miRNAs and will serve as a simple and robust tool for their execution. More importantly, these 361 
clustered transgenes represent ideal cargos for gene therapy vectors. Evidence of successful in 362 
vivo delivery of a 3-miRNA cluster has already been obtained via direct intratumoral intracranial 363 
injection of AAV vectors (unpublished data). It is thus anticipated that this technique will 364 
significantly boost the translational aspects of miRNA research.  365 
 366 
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Name of Material/ Equipment

0.4% low melting temperature agarose 

0.45 µM sterile filter unit

1.5-mL Microcentrifuge tube

6-Well plates 

Athymic mice (FoxN1 nu/nu)

B-27 Supplement 

Cell culture flask

Cell Scraper, 16cm

Cesium 137 irradiator 

Chloroform

DMEM, high glucose, pyruvate 

Dulbecco’s phosphate-buffered saline 

Eosin Y solution 

Fetal Bovine Serum 

Formalin solution

GlutaMAX Supplement 

HEK-293

Hematoxylin solution

Human primary glioma stem-like cells (GBM62)

Human primary glioma stem-like cells (MGG4)

Lentiviral vector pCDH-CMV-MCS-EF1-copGFP

Lipofectamine 2000 

Microcentrifuge refrigerated

Mounting medium 

Nalgene High-Speed Polycarbonate Round Bottom Centrifuge Tubes 

NanoDrop

Neural Progenitor cells (NPC)

Neurobasal Medium 

Nikon eclipse Ti motorized fluorescent microscope system

Opti-MEM

PCR tubes 

Penicillin-Streptomycin 

Petri-Dishes 94/16 

Poly-D-Lysine 

Recombinant Human EGF 

Recombinant Human FGF-basic 

Retinoic acid

RNA Miniprep Kit

S1000 Thermal Cycler 

Small Animal Image-Guided Micro Irradiator 
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Sorvall WX+ Ultracentrifuge 

StemPro Accutase 

StepOne Real-Time PCR System

SterilGARD biosafety cabinet 

Sucrose

T98-G

TaqMan MicroRNA Reverse Transcription Kit 

TaqMan Universal PCR Master Mix

Temozolomide

Tissue-Tek optimum cutting temperature 

TRIzol Reagent 

U251-MG

U87-MG 

ViraPower Lentivector Expression system 

Water, HPLC grade

Xylene 



Company Catalog Number

IBI Scientific IB70058

Merck Millipore SLH033RS

Eppendorf 22431081

Greiner Bio-One 657160

Envigo 069(nu)/070(nu/+)

Thermo Fisher Scientific 12587010

Greiner Bio-One 660175

Sarstedt 83.1832

JL Sheperd and Associates Core Facility (Harvard Medical School)

Sigma-Aldrich 439142-4L

Thermo Fisher Scientific 11995040

Gibco 14190144

Sigma-Aldrich E4009

Sigma-Aldrich F9665

Sigma-Aldrich HT501128

Thermo Fisher Scientific 35050061

American Type Culture Collecti ATCC CRL-1573

Sigma-Aldrich 1051750500

System Biosciences CD511B-1

Thermo Fisher Scientific 11668019

Eppendorf model no. 5424 R, cat. no.5404000138

Thermo Fisher Scientific 4112APG

Thermo Fisher Scientific 3117-0380PK

Thermo Fisher Scientific 2000c

Thermo Fisher Scientific 21103049

Nikon, Japan 14314

Thermo Fisher Scientific 31985088

Sigma-Aldrich CLS6571-960EA

Thermo Fisher Scientific 15140122

Greiner Bio-One 632180

Sigma- Aldrich P4707

PeproTech AF-100-15

PeproTech AF-100-18B

Gibco 12587-010 

Direct-zol R2050

Bio-Rad 1852196

Xstrahal Life Sciences, UK Core facility (Dana-Farber Cancer Institute, Boston, MA)



Thermo Fisher Scientific 75000100

Thermo Fisher Scientific A1110501

Applied Biosystems 4376357

The Baker Company SG403A-HE

Sigma-Aldrich S9378

American Type Culture Collecti ATCC CRL-1690

Thermo Fisher Scientific 4366596

Thermo Fisher Scientific 4324018

Tocris Bioscience 2706

Fisher Scientific NC9636948

Thermo Fisher Scientific 15596026

American Type Culture Collecti ATCC HTB-17

American Type Culture Collecti ATCC HTB-14

Thermo Fisher Scientific K4970-00

Fisher W54

Sigma-Aldrich 534056
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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. 
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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 of 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. 
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Institution:  

 

Title:   

 

Signature:  

 

Date:  
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1. Upload an electronic version on the JoVE submission site 
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Response to Reviewers 

 

We wish to thank each reviewer for her/his comments and suggestions. Please find below our point-by-
point response.  
 
Reviewers' comments: 
Reviewer #1: 
 
Manuscript Summary: 
MicroRNAs do not affect gene expression in isolation. Several miRs can be over or under expressed at 
the same time and as such can affect a specific pathway. This method was developed in order to co-
express a number of miRs that were found to be simultaneously deregulated in brain cancer and were 
shown to be co-expressed during neural differentiation. Using the method described in this article one 
can easily create a construct to co-express miRs to check their effect on cells of interest. 
 
Major Concerns: 
No major concerns. 
 
Minor Concerns: 
A lack in knowledge of Bioinformatics tools could be of concern when working on determining 
microRNAs that can work synergistically to regulate a specific pathway. 

 

Thank you for your kind considerations. We just would like to emphasize how this protocol takes 
advantage of easily accessible bioinformatics tools and their basic applications, and does not require 
specific bioinformatics training to be executed.   
 
 
 
Reviewer #2: 
 
Manuscript Summary: 
In Peruzzi P and Bhaskaran V, the authors present compelling evidence and detailed description on step-
to-step approach in designing a module of microRNAs targeting brain tumor biology. Coupling with the 
video, the manuscript will be at great interest of JoVE readers. The manuscript is well written and only 
minor points need to be attended prior to acceptance for publication: 
 
Major Concerns: 
nil. 
 
Minor Concerns: 
 
Title : The title is still not entirely represent the content included in the text and video (coming soon). 
The manuscript is focusing on the systemic workflow in identifying a module of microRNAs Suggest to 
improve the title to highlight the type of study design. 
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Thank you for your consideration. The title has been changed accordingly.  
 
PROTOCOL: 
 
Line 66 - include webpage link of TCGA.  This has been provided.  
 
Line 73 - authors need to be consistent in using the terms of "miR" or "microRNAs" throughout the 
manuscript.  We have kept the “microRNA” word  throughout the manuscript.  
 
Line 77 to line 80- the human stem cells are subsequently differentiated into astrocytes and neurones. It 
would be great if the authors can include information whether human stem cells can also be 
differentiated into oligodendrocytes? (if yes, author can briefly describe and cite some papers for this 
purpose).  We have added in the manuscript the protocol and references for oligodendrocyte 
differentiation.  
 
Line 94 to 100 - need to specify the glioblastoma stem-like cells used in the study and also the culture 
media (similar to as described in Line 77 to 80).  This specification was provided.  
 
Line 107 to 112 - author may suggest more microRNA prediction program (DIANA, miRDB and include 
their webpage link / inline equations). DIANA-miRPath and MIRDB have been added, including web links 
and citations.  
 
Line 143 - why "encompassing all 6 encoded microRNA hairpins"?   miR-17-92 cluster encodes 6 
microRNA hairpins, thus the use of that sentence.  
 
Line 179 - after this step, suggest the authors to include protocols to build transgene containing 
scramble sequences. The strategy for building scrambled sequences has been mentioned.  
 
Line 189, italic "in vitro", "in vivo".  Corrected.  
 
Line 195 - Figure 1a - it is not very clear that the color of the circle is RED. Please amend.  The color has 
been changed.  
 
Line 200 - formatting issue on "Neural Stem Cells" ? Corrected 
 
Line 205 to 210 - need to include abbreviation of TMZ and RT. For the TZ group, it is not clear that the 
bars are "violet" in color. Please amend. Explain the differences among G62, MGG4, U251, U87, T98G 
(are they proneural type? Mesenchymal? Different subtypes?)  Subtypes have been clarified in the 
legend. 
 
Line 228 - "in vivo"  Corrected 
 
 
 
Reviewer #3: 
 
Manuscript Summary: 
 



The authors developed a method to replicate the natural occurring synergistic co-expression of 
regulative microRNAs. Such method includes a) a strategy to identify MicroRNAs working synergistically 
and b) instructions how to re-establish such MicroRNAs combinations for further study and applications. 
They demonstrated the feasibility of the proposed method using a specific 31 microRNA signature 
(cluster) found relevant in glioblastoma, a brain cancer. 
 
Main advantage indicated is the possibility to analyze multiple microRNAs at once, leveraging on their 
simultaneous targeting of a large number of mRNAs, and thus recapitulating more faithfully the complex 
landscapes of diseases. In order to replicate the biological conditions, microRNAs are combined together 
into an artificial polycistronic transgene which is based on the scaffold of naturally existing microRNA 
cluster gene, and is used for overexpression of these microRNA modules into receiving cells. 
 
Major Concerns: 
None 
 
Minor Concerns: 
Showing the efficacy of this protocol in another model could have been useful;                                              
We have added Panel D and Panel E in Figure 5, showing  the transduction of Cluster 3 in breast cancer 
cells MDA-MB-231 and its resulting antiproliferative effect.  

 
This protocol requires a strong knowledge of Bioinformatics skills.                                                                          
This protocol takes advantage of easily accessible bioinformatics tools and their basic applications, and 
does not require specific bioinformatics training to be executed. 

 



Supplementary Figure 1: TargetScan workflow
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Supplementary Figure 2: ToppGene Suite workflow 

 


