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SUMMARY: 21 
This protocol describes xenograft and orthotopic mouse models of human thyroid tumorigenesis 22 
as a platform to test microRNA-based inhibitor treatments. This approach is ideal to study the 23 
function of non-coding RNAs and their potential as new therapeutic targets.  24 
 25 
ABSTRACT:  26 
MicroRNAs (miRNAs) are important regulators of gene expression through their ability to 27 
destabilize mRNA and inhibit translation of target mRNAs. An ever-increasing number of studies 28 
have identified miRNAs as potential biomarkers for cancer diagnosis and prognosis, and also as 29 
therapeutic targets, adding an extra dimension to cancer evaluation and treatment. In the 30 
context of thyroid cancer, tumorigenesis results not only from mutations in important genes, but 31 
also from the overexpression of many miRNAs. Accordingly, the role of miRNAs in the control of 32 
thyroid gene expression is evolving as an important mechanism in cancer. Herein, we present a 33 
protocol to examine the effects of miRNA-inhibitor delivery as a therapeutic modality in thyroid 34 
cancer using human tumor xenograft and orthotopic mouse models. After engineering stable 35 
thyroid tumoral cells expressing GFP and luciferase, cells are injected into nude mice to develop 36 
tumors, which can be followed by bioluminescence. The in vivo inhibition of a miRNA can reduce 37 
tumor growth and upregulate miRNA gene targets. This method can be used to assess the 38 
importance of a determined miRNA in vivo, in addition to identifying new therapeutic targets. 39 
 40 
INTRODUCTION:  41 
Thyroid cancer is an endocrine malignancy with an increasing incidence, although in general 42 
terms it has a good outcome1. Nevertheless, some patients develop aggressive forms of the 43 
disease that are untreatable and the molecular bases are poorly understood2. 44 
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 45 
miRNAs are 22-nucleotide-long non-coding RNAs that regulate gene expression in many tissues, 46 
typically by base-pair binding to the 3' untranslational region (3’UTR) of target messenger RNAs 47 
(mRNAs), triggering mRNA degradation or translational repression3,4. There is increasing 48 
evidence demonstrating that the deregulation of microRNA expression is a hallmark of cancer, as 49 
these molecules modulate proliferative signaling, migration, invasion and metastasis, and can 50 
provide resistance to apoptosis5,6. In recent years, many studies have identified miRNAs as 51 
potential biomarkers for cancer diagnosis and prognosis as well as therapeutic targets7, providing 52 
a new dimension to cancer evaluation and treatment.  53 
 54 
miRNAs have taken center stage in human molecular oncology as key drivers of human thyroid 55 
neoplasms8-12. Among the miRNAs up-regulated, miR-146b is highly overexpressed in Papillary 56 
Thyroid Carcinoma (PTC) tumors and was shown to significantly increase cell proliferation, and 57 
to be associated with aggressiveness and dismal prognosis6,12-15. Furthermore, miR-146b 58 
regulates several thyroid genes involved in differentiation12, and also important tumor 59 
suppressor genes such as PTEN16 and DICER117. Despite their importance in cancer biology, 60 
miRNA-based cancer therapy is still in its early stages, and very few studies have addressed 61 
thyroid cancer – the most frequent of the endocrine tumors18. Here we describe a protocol using 62 
two different mouse models with human-derived tumors, in which the administration of a 63 
synthetic miRNA-inhibitor (antagomiR) that specifically inhibits a cellular miRNA can block tumor 64 
growth. We first used a common xenograft model, and the local intratumor administration of an 65 
antagomiR decreased tumor growth measured as a reduction in tumor bioluminescence16. 66 
Because the establishment of robust mouse models mimicking human tumor progression is 67 
essential to develop unique therapeutic approaches, orthotopic implantation of primary human 68 
tumors is a more valuable platform for clinical validation of new drugs than subcutaneous 69 
implantation models. Thus, in order to better assess the therapeutic potential of the antagomiR, 70 
we used an orthotopic mouse model with systemic delivery in the blood stream, obtaining the 71 
same results. 72 
 73 
PROTOCOL:  74 
 75 
Animal experimentation was performed in compliance with the European Community Law 76 
(86/609/EEC) and the Spanish law (R.D. 1201/2005), with approval of the Ethics Committee of 77 
the Consejo Superior de Investigaciones Científicas (CSIC, Spain).  78 
 79 
1. Flank inoculation of cells and intratumoral antagomiR treatment 80 
 81 
1.1.  Cell preparation 82 
 83 
1.1.1. Engineer a Cal62 human thyroid cancer cell line (KRASG12R and p53A161D mutations) to 84 
overexpress a transgenic construct that constitutively expresses GFP and luciferase (CMV-Firefly 85 
Luc-IRES-eGFP). Select the transgenic cells by antibiotic resistance or by sorting the GFP-positive 86 
cells with flow cytometry.  87 
 88 



   

1.1.2. Grow the cells in Dulbecco´s modified Eagle´s medium (DMEM) supplemented with 89 
penicillin, streptomycin and 10% fetal bovine serum (FBS) at 37 °C and 5% CO2. 90 
 91 
1.1.3.  Suspend 1 x 106 cells in 50 μL of phosphate buffered saline (PBS) at 4 °C. 92 
 93 
1.2. Cell inoculation into the flanks of mice  94 
 95 
1.2.1. Mix the cells with the same amount of basement membrane matrix. For example, add 1 96 
x 106 cells in 50 μL of PBS to 50 μL of basement membrane matrix (see Table of Materials) and 97 
mix gently.  98 
 99 
NOTE: The membrane matrix polymerizes to produce a reconstituted, biologically-active stable 100 
matrix, which is effective for the attachment of the transformed cells to enhance their 101 
tumorigenicity. It is extremely important that the basement membrane matrix and all the 102 
material coming in contact with it is pre-chilled/ice-cold, since the matrix will start to gel above 103 
10°C. Handle under sterile conditions using pre-cooled pipet tips. 104 
 105 
1.2.2. Inject 100 μL of the sample (cells in PBS + basement membrane matrix) subcutaneously 106 
into the left flank of 6-week-old immunodeficient BALB/c nu/nu mice using a 1 mL insulin syringe 107 
with a 27G 1/2'' (0.4x13 mm) needle. 108 
 109 
1.3. Intratumoral antagomiR treatment.  110 
 111 
NOTE: Perform this step 2 weeks after the cell injection, when tumor formation is apparent. 112 
 113 
1.3.1. Suspend the antagomiR (see Table of Materials) or the negative control in 500 µL of 114 
RNase-free distilled water.  115 
 116 
1.3.2. Prior to the injection, prepare 2 nmol of the antagomiR or the control together with an in 117 
vivo delivery reagent (see Table of Materials) for each injection.  118 
 119 
1.3.2.1.  First mix the antagomiR solution (see Table of Materials) and the complexation 120 
buffer (see Table of Materials) in a 1:1 ratio. For example, add 80 μL of miRNA-inhibitor solution 121 
(16 nmol) to 80 μL of complexation buffer (included in the in vivo delivery reagent kit, see Table 122 
of Materials). 123 
 124 
1.3.2.2.  Bring the in vivo delivery reagent to room temperature. Add 160 μL to a 1.5-mL 125 
tube and immediately add 160 μL of diluted antagomiR solution. Return remaining reagent to -126 
20 °C. If necessary, store the reagent at 4 °C for up to one week after thawing. 127 
 128 
1.3.2.3.  Vortex immediately (10 s) to ensure complexation of the in vivo delivery reagent-129 
antagomiR. 130 
 131 
1.3.2.4.  Incubate the in vivo delivery reagent-antagomiR mixture for 30 min at 50 °C. 132 



   

Centrifuge the tube briefly to recover the sample. 133 
 134 
1.3.2.5.  Dilute the complex 6-fold by adding 1360 µL of PBS pH 7.4 and mix well. 135 
 136 
1.3.2.6.  Proceed with in vivo delivery of the reagent-antagomiR complex (8 137 
mice/condition), or store the complex at 4 °C for up to one week prior to injection. Inject 200 μL 138 
intratumorally into each tumor (2 nmol of antagomiR). 139 
 140 
NOTE: The volume and quantity of the antagomiR is independent of the tumor volume. 141 
 142 
1.3.3. Perform the treatment 3 times each week (Monday, Wednesday and Friday) for 2 weeks. 143 
 144 
1.4. Analysis of tumor growth 145 
 146 
NOTE: Determine the tumor bioluminescent signal twice weekly to calculate tumor growth. 147 
 148 
1.4.1. Inject 50 μL of a 40 mg/mL solution of D-luciferin substrate (see Table of Materials) 149 
subcutaneously at each time point with a 1 mL syringe with a 27G 1/2'' (0.4 mm x 13 mm) needle. 150 
 151 
1.4.1.1. At 8 min post-injection, anesthetize the mice using 3% isoflurane mixed with 152 
oxygen. Assess the level of anesthesia by pedal reflex (firm toe pinch) and adjust anesthetic 153 
delivery as appropriate to maintain surgical plane. 154 
 155 
1.4.1.2. Apply ophthalmic ointment to both eyes to prevent desiccation. 156 

 157 
1.4.2. Image the bioluminescent signal with in vivo imaging software (see Table of Materials).  158 
 159 
NOTE: Calipers can also be used to measure the tumor volume and the tumor growth. 160 
 161 
1.4.3. Once the bioluminescence signals are obtained, analyze the tumoral growth comparing 162 
both treatments and determine the significance by using a t-test. To analyze the within-group 163 
variance use the SEM. 164 
 165 
1.5.  Tumor excision 166 
 167 
1.5.1. Seven days after the end of the antagomiR treatment, sacrifice the mice, excise the tumor 168 
and extract protein and/or RNA for future analysis. Alternatively, section the tumors and fix them 169 
for immunohistochemistry.  170 
 171 
2. Thyroid orthotopic inoculation of cells and systemic antagomiR treatment 172 
 173 
2.1. Cell preparation 174 
 175 
2.1.1. Engineer a Cal62 human thyroid cancer cell line to overexpress a transgenic construct that 176 



   

constitutively expresses GFP and luciferase. Select the transgenic cells by antibiotic resistance or 177 
by sorting the GFP-positive cells with flow cytometry.  178 
 179 
2.1.2. Grow these cells in DMEM supplemented with antibiotics (penicillin and streptomycin) 180 
and 10% FBS at 37 °C and 5% CO2. 181 
 182 
2.1.3.  Suspend 1 x 105 cells in 5 μL of PBS.  183 
 184 
2.2. Cell inoculation into the thyroid gland of mice 185 
 186 
2.2.1. Inject 100 μL of analgesic (buprenorphine) and 100 μL of antibiotic (cephalosporin) 187 
subcutaneously into 7-week-old BALB/c nu/nu mice.  188 
 189 
2.2.2. Inject 5 μL of the cell solution into the thyroid gland of the mice. 190 
 191 
2.2.2.1. Anesthetize the mouse using 3% isoflurane mixed with oxygen and place it under 192 
a stereomicroscope in a sterile flow cabinet. Assess the level of anesthesia by pedal reflex (firm 193 
toe pinch) and adjust anesthetic delivery as appropriate to maintain surgical plane. 194 
 195 
2.2.2.2. Apply ophthalmic ointment to both eyes to prevent desiccation. 196 
 197 
2.2.2.3. For each mouse, disinfect the neck with iodopovidone and make an incision of 198 
approximate 2 cm in the skin with scissors. Once open, expose the neck by displacing the salivary 199 
glands.  200 

 201 
2.2.2.4. Dissect the strap muscles using dissection forceps and/or scissors to expose the 202 
trachea and the thyroid gland. Using a 10 μL microliter syringe inject 5 μL of the cell solution into 203 
the right thyroid lobule, located at the side of the cricoid cartilage. 204 
 205 
2.2.2.5. Reposition the salivary glands and suture the incision with silk using braided, 206 
coated, non-absorbable sutures.  207 
 208 
2.2.2.6. Add iodopovidone to the wound area and place the mouse on a thermic blanket 209 
while it recovers from the anesthesia.  210 
 211 
2.2.3. The following day post-surgery, inject subcutaneously analgesic (buprenorphine) and add 212 
3 mL of liquid ibuprofen (40 mg/mL) into 250 mL of the drinking water for 1 week. 213 
 214 
2.3. Systemic antagomiR treatment 215 
 216 
NOTE: Perform this step 2-3 weeks after the cell injection, when the bioluminescent signal is 217 
detectable. 218 
 219 
2.3.1. Suspend the antagomiR or the negative control in distilled RNase-free water.  220 



   

 221 
2.3.2. Prior to the injection, prepare 7 nmol of the antagomiR or the control together with the 222 
in vivo delivery reagent for each injection.  223 
 224 
2.3.2.1.  For the antagomiR and the in vivo delivery reagent solution preparation see step 225 
1.3 but add 7 nmol of the miRNA-inhibitor per mouse.  226 
 227 
2.3.3. Administer the solution intravenously by retro-orbital injection of the venous sinus of the 228 
mouse. Use isoflurane to induce anesthesia. 229 
 230 
NOTE: Assess the level of anesthesia by pedal reflex (firm toe pinch). 231 
 232 
2.3.4. Treat the mice 3 times a week (Monday, Wednesday and Friday) for 2 weeks. 233 
 234 
2.4.  Analysis of tumor growth 235 
 236 
2.4.1. Determine the tumor bioluminescent signal twice weekly to calculate tumor growth. 237 
 238 
2.4.1.1.  Inject 50 μL of a 40 mg/mL solution of D-luciferin substrate at each time point via 239 
subcutaneous injection.  240 
 241 
2.4.1.2.  At 8 min post-injection, anesthetize the mice using 3% isoflurane mixed with 242 
oxygen and image the bioluminescent signal with in vivo imaging software. 243 
 244 
2.4.2. Once the bioluminescence signals are obtained, analyze the tumoral growth comparing 245 
both treatments and determine the significance by using a t-test. To analyze the within-group 246 
variance use the SEM. 247 
 248 
2.5.  Tumor excision 249 
 250 
2.5.1. Seven days after the end of the antagomiR treatment period, sacrifice the mice, excise 251 
the tumor and extract protein and/or RNA for future analysis. Alternatively, section the tumors 252 
and fix them for immunohistochemistry. 253 
 254 
REPRESENTATIVE RESULTS:  255 
We used two different mice models to determine whether the neutralization of a miRNA could 256 
suppress tumor growth. Accordingly, human tumor thyroid Cal62-luc cells were subcutaneously 257 
injected into the flanks of nude mice to generate a xenograph model. After two weeks, tumors 258 
were established and could be measured with calipers. At that time point, mice were injected 259 
intratumorally with the miR-146b-inhibitor, or an appropriate control, and tumor volume was 260 
followed for a further two weeks (Figure 1A). As shown in Figure 1B, the growth of tumors 261 
intratumorally injected with the miR-146b-inhibitor (anti-146b) (n=8) was significantly 262 
suppressed with respect to the negative control group (n=4) or the saline control group (not 263 
shown). miRNAs are an important feature of gene regulation, as they regulate several target 264 



   

mRNAs. Accordingly, oncomiRs are important regulators of tumor suppressor genes. This 265 
protocol allows for the analysis of intratumoral expression levels of these genes, which can be 266 
tested after treatment with the miRNA-inhibitor. In addition, the levels of some proliferation 267 
markers can be also studied, illustrated by the lower expression of proliferating cell nuclear 268 
antigen (PCNA) in antagomiR-treated tumors than in control-treated tumors (Figure 2). Also the 269 
recovery of the miRNA-targets can be studied through the analysis of tumor-extracted RNA or 270 
protein, as illustrated by the higher expression of PTEN in the antagomiR(anti-146b) treated 271 
tumors (Figure 2). Collectively, these data reveal that the in vivo inhibition of a miRNA is effective 272 
and may be exploited therapeutically for thyroid cancer treatment.  273 
 274 
To better assess the therapeutic potential of a miRNA-inhibitor and improve the mouse model, 275 
we generated an orthotopic model, in which human tumor thyroid Cal62-luc cells were directly 276 
seeded into the right thyroid lobe of nude mice. After 3 weeks, the thyroid tumors were 277 
established, as demonstrated by bioluminescence signals in the neck of the mice and by gross 278 
tissue analysis and immunohistochemistry, with hematoxylin and eosin and GFP staining of cells, 279 
respectiviely. As shown in Figure 3, the epithelial cells surrounding the colloid demonstrate the 280 
thyroid follicle architecture from the mouse. GFP-positive cells interspersed with the follicles, 281 
unequivocally demonstrating that human Cal62 cells have been injected correctly and proliferate 282 
within the mouse thyroid. Once the tumors were formed, we injected 13 mice intravenously with 283 
the miR-146b-inhibitor (n=8) or an appropriate control (n=5), and tumor volume was followed 284 
for a further two weeks (Figure 4A). We found that the tumor growth was significantly decreased 285 
in the systemic antagomiR-treated group (Figure 4B). Notably, the expression of the newly 286 
described miR-146b-target DICER1 in the primary tumor was increased after the anti-miR-146b 287 
treatment (Figure 5). These data demonstrate that the inhibition of endogenous miRNA 288 
expression and therefore the restoration of its target genes could be used as a therapy in thyroid 289 
cancer16,17.  290 
 291 
FIGURE AND TABLE LEGENDS:  292 
 293 
Figure 1. The miR-146b-inhibitor impairs established human thyroid tumor growth. Cal62-294 
luciferase expressing cells (Cal62-luc) were injected subcutaneously. After xenografts were 295 
established, a synthetic miR-inhibitor (anti-146b) (n=8) or a negative control (n=4) was 296 
administered intratumorally. (A) Timeline. (B) Left: The image shows the endpoint 297 
bioluminescent signal of the treated tumors imaged with in vivo imaging software. Right: The 298 
graph shows tumor radiance increase at the indicated times in xenografts from treatment onset 299 
with the miRNA-inhibitor (dark grey) or the negative control (grey). (C) Representation of the 300 
endpoint radiance increase of the treated tumors. Values represent mean ± SEM. *p < 0.05; **p 301 
<0.01. Figure adapted from Ramírez-Moya et al.16.  302 
 303 
Figure 2. PCNA protein expression decreases and PTEN protein expression increases in miR-304 
146b-inhibitor-treated tumors. Protein from the tumors treated with control or miR-146b 305 
inhibitor was obtained for western blotting with antibodies to PCNA or PTEN. Figure adapted 306 
from Ramírez-Moya et al.16. 307 
 308 



   

Figure 3. Intratumoral mouse thyroid follicles in the orthotopic model. Staining with 309 
hematoxylin and eosin (upper panel) and or an antibody to GFP (bottom panel) of the orthotopic 310 
mice tumors 28 days after inoculation with Cal62-luc GFP-positive cells. 311 
 312 
Figure 4. The miR-146b-inhibitor impairs established human thyroid tumor growth. Cal62-313 
luciferase expressing cells (Cal62-luc) were injected in the thyroid gland of the mice. After the 314 
tumors were established (3 weeks), a synthetic miRNA-inhibitor (anti-146b) (n=8) or a negative 315 
control (n=5) was administered systemically. (A) Timeline. (B) Left: The image shows the endpoint 316 
bioluminescent signal of the treated tumors imaged with in vivo imaging software. Right: The 317 
graph shows tumor radiance increase at the indicated times from treatment onset with the 318 
miRNA-inhibitor (blue) or the negative control (green). (C) Representation of the endpoint 319 
radiance increase of the treated tumors. Values represent mean ± SEM. *p < 0.05. Figure adapted 320 
from Ramírez-Moya et al.17. 321 
 322 
Figure 5. DICER1 protein expression increases in miR-146b-inhibitor-treated tumors. 323 
Immunohistochemistry with a DICER1 antibody in the orthotopic tumors after treatment with 324 
miR-146b-inhbitor or control. 325 
 326 
DISCUSSION:  327 
This paper describes a method for studying the in vivo function of a miRNA in order to better 328 
understand its role in tumor initiation and progression, and its potential as a therapeutic target 329 
in thyroid cancer. The tumor xenograft models here described are based on the use of cells that 330 
can be tracked by their bioluminescence signal, permitting the measurement of tumor growth in 331 
vivo under the influence of a treatment. In addition, we describe the use of a miRNA-based 332 
treatment for thyroid cancer, which is currently in the early stages.  333 
 334 
We first tested the feasibility of a miRNA as a therapeutic target using a subcutaneous xenograft 335 
model, in which thyroid tumor cells were injected into the flanks of immunodeficient mice. We 336 
then intratumorally injected the antagomiR. This model can be used for several cancer types to 337 
test the significance of specific miRNAs or oncomiRs in vivo in human cancer cells. Advantages of 338 
this technique are that it is relatively simple to perform and also quick, with minimal animal 339 
suffering. A major disadvantage of the technique, however, is that it does not closely mimic the 340 
human condition because the cells are injected subcutaneously and not into the organ-of-origin. 341 
To overcome this limitation, we used a more robust model by performing surgical orthotopic 342 
implantation of bioluminescent thyroid tumor cells into the thyroid of the mice. Although this 343 
technique is more complicated and time consuming, it allows the study of tumor growth in its 344 
“native” environment, the thyroid. A strength of this method is that it permits the study of 345 
tumoral cell dissemination as metastasis, usually in the lungs, which can be evaluated with in vivo 346 
imaging software. Another strength is that the systemic delivery of the antagomiR mimics a 347 
potential human treatment and allows for the analysis of the thyroid response. Furthermore, the 348 
systemic injection of the antagomiR did not cause adverse effects on the animals, as parameters 349 
such as serum glucose levels or liver morphology were not altered17.  350 
 351 
There are a few critical steps. In the orthotopic mouse model, the injection of the tumoral cells 352 



   

should be precisely performed in the thyroid gland and not in neighboring tissue. Thus, it is 353 
necessary to demonstrate with immunohistochemistry that the thyroid architecture is 354 
maintained and that the cells injected have infiltrated the thyroid and are not present out with 355 
the gland. In addition, for both xenograft and orthotopic models, the size of the tumors in the 356 
different groups of animals should be similar at the beginning of the treatment in order to follow 357 
a similar growth pattern in all cases. Finally, it is important to demonstrate that the expression 358 
of the targets downstream of the microRNA (in our case miR-146b) are altered after antagomiR 359 
treatment  360 
 361 
As a possible future application of this model, patient cells could be injected into mouse models 362 
in order to analyze how the inhibition of a miRNA could affect the tumor growth of a specific 363 
patient, a useful approach for precision and personalized medicine based on miRNAs.  364 
 365 
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Name Company
Catalog 

Number
Comments

AntagomiR: mirVana miRNA 

inhibitor
Thermo Fisher 4464088 In Vivo Ready

Basement Membrane Matrix: 

Matrigel Basement Membrane 

Matrix High Concentration

Corning #354248

DICER antibody Abcam ab14601 IHQ: 1/100

In vivo  delivery reagent: 

Invivofectamine 3.0 Reagent
Thermo Fisher IVF3005

In vivo  imaging software: 

IVIS-Lumina II Imaging 

System

Caliper Life 

Sciences

Negative control: mirVana 

miRNA Inhibitor, Negative 

Control #1

Thermo Fisher 4464077 In Vivo Ready

PCNA antibody Abcam ab92552 WB: 1/2,000

PTEN antibody Santa Cruz sc-7974 WB: 1/1,000

XenoLight D-Luciferin - K+ 

Salt Bioluminescent Substrate
PerkinElmer 122799 Diluted in PBS
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Title of Article: 

Author(s): 

 

 

Item    1:    The    Author    elects    to    have    the    Materials    be    made    available    (as    described    
at http://www.jove.com/publish) via: 

X Standard Access                                                                 Open Access 

 
Item 2: Please select one of the following items: 

X 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.

In vivo inhibition of microRNA to decrease tumor growth in mice 
 

Julia Ramírez-Moya, León Wert-Lamas and Pilar Santisteban 
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4. Retention  of  Rights  in  Article.  
Notwithstanding the exclusive license granted to JoVE in 
Section 3 above, the Author  shall,  with  respect  to  the  
Article,  retain  the  non- exclusive right to use all or part of 
the Article for the non- commercial  purpose  of  giving  
lectures,  presentations  or teaching classes, and to post a 
copy of the Article on the Institution’s  website  or  the  
Author’s  personal  website,  in each  case  provided  that  a  
link  to  the  Article  on  the  JoVE website  is  provided  and  
notice  of  JoVE’s  copyright  in  the Article  is  included.  All  
non-copyright  intellectual  property rights  in  and  to  the  
Article,  such  as  patent  rights,  shall remain with the 
Author. 
5.              Grant of Rights in Video – Standard Access. This 
Section  5  applies  if  the  “Standard  Access”  box  has  
been checked in Item 1 above or if no box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display  or  otherwise  assist  with  the  Video,  
the  Author hereby acknowledges and agrees that, Subject 
to Section 7 below, JoVE is and shall be the sole and 
exclusive owner of all  rights  of  any  nature,  including,  
without  limitation,  all copyrights, in and to the Video. To 
the extent that, by law, the Author is deemed, now or at 
any time in the future, to have any rights of any nature in 
or to the Video, the Author hereby disclaims all such rights 
and transfers all such rights to JoVE. 
6.              Grant  of  Rights  in  Video  –  Open  Access.  This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the  exclusive,  royalty-free,  perpetual  (for  the  full  term  
of copyright in the Article, including any extensions 
thereto) license  (a)  to  publish,  reproduce,  distribute,  
display  and store  the  Video  in  all  forms,  formats  and  
media  whether now   known  or  hereafter  developed  
(including  without limitation in print, digital and electronic 
form) throughout the world, (b) to translate the Video into 
other languages, create adaptations, summaries or extracts 
of the Video or other Derivative Works or Collective Works 
based on all or any portion of the Video and exercise all of 
the rights set forth   in   (a)   above   in   such   translations,   
adaptations, summaries, extracts, Derivative Works or 
Collective Works and (c) to license others to do any or all of 
the above. The foregoing rights may be exercised in all 
media and formats, whether now known or hereafter 
devised, and include the right   to   make   such   
modifications   as   are   technically necessary to exercise 
the rights in other media and formats. For any Video to 
which this Section 6 is applicable, JoVE and the Author 
hereby grant to the public all such rights in the Video  as  
provided  in,  but  subject  to  all  limitations  and 
requirements set forth in, the CRC License. 
7.              Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in  the  course  of  his  or  her  duties  as  a  United  States 
government  employee, as indicated in Item 2 above, and 
any   of   the   licenses   or   grants   granted   by   the   
Author hereunder exceed the scope of the 17 U.S.C. 403, 
then the rights granted hereunder shall be limited to the 
maximum 

rights   permitted   under   such   statute.   In   such   case,   
all provisions  contained  herein  that  are  not  in  conflict  
with such  statute  shall  remain  in  full  force  and  effect,  
and  all provisions  contained  herein  that  do  so  conflict  
shall  be deemed  to  be  amended  so  as  to  provide  to  
JoVE  the maximum rights permissible within such statute. 
8.              Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their 
behalf if  JoVE  believes  some  third  party  could  be  
infringing  or might infringe the copyright of either the 
Author’s Article and/or Video. 
9.              Likeness, Privacy, Personality. The Author hereby 
grants  JoVE  the  right  to  use  the  Author’s  name,  voice, 
likeness,    picture,    photograph,    image,    biography    
and performance  in  any  way,  commercial  or  otherwise,  
in connection with the Materials and the sale, promotion 
and distribution thereof. The Author hereby waives any 
and all rights he or she may have, relating to his or her 
appearance in the Video or otherwise relating to the 
Materials, under all applicable privacy, likeness, personality 
or similar laws. 
10.            Author  Warranties.  The  Author  represents  
and warrants  that  the  Article  is  original,  that  it  has  not  
been published,  that  the  copyright  interest  is  owned  by  
the Author (or, if more than one author is listed at the 
beginning of this Agreement, by such authors collectively) 
and has not been  assigned,  licensed,  or  otherwise  
transferred  to  any other party. The Author represents and 
warrants that the author(s) listed at the top of this 
Agreement are the only authors of the Materials. If more 
than one author is listed at the top of this Agreement and if 
any such author has not entered    into    a    separate    
Article    and    Video    License Agreement with JoVE 
relating to the Materials, the Author represents   and   
warrants   that   the   Author   has   been authorized by 
each of the other such authors to execute this Agreement 
on his or her behalf and to bind him or her with respect to 
the terms of this Agreement as if each of them had been a 
party hereto as an Author. The Author warrants that  the  
use,  reproduction,  distribution,  public  or  private 
performance  or  display,  and/or  modification  of  all or  
any portion  of  the  Materials  does  not  and  will  not  
violate, infringe   and/or   misappropriate   the   patent,   
trademark, intellectual property or other rights of any third 
party. The Author   represents   and   warrants   that   it   
has   and   will continue to comply with all government, 
institutional and other    regulations,    including,     without    
limitation    all institutional,   laboratory,   hospital,   ethical,   
human   and animal treatment, privacy, and all other rules, 
regulations, laws, procedures or guidelines, applicable to 
the Materials, and that all research involving human and 
animal subjects has  been  approved  by  the  Author's  
relevant  institutional review board. 
11.            JoVE   Discretion.   If   the   Author   requests   the 
assistance of JoVE in producing  the Video  in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees,   agents   or   independent   contractors   is   in 
accordance  with  the  relevant  regulations  of  the  
Author's institution.   If   more   than   one   author   is   
listed   at   the beginning   of   this   Agreement,   JoVE   
may,   in   its   sole
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discretion,  elect  not  take  any  action  with  respect  to  
the Article until such time as it has received complete, 
executed Article  and  Video  License  Agreements  from  
each  such author.  JoVE  reserves  the  right,  in  its  
absolute  and  sole discretion  and  without  giving  any  
reason  therefore,  to accept or decline any work submitted 
to JoVE. JoVE and its employees, agents and independent 
contractors shall have full, unfettered access to the 
facilities of the Author or of the  Author’s  institution  as  
necessary  to  make  the  Video, whether actually published 
or not. JoVE has sole discretion as to the method of making 
and publishing the Materials, including,  without  
limitation,  to  all  decisions  regarding editing,   lighting,   
filming,   timing   of   publication,   if   any, length, quality, 
content and the like. 
12.            Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against 
any and  all  claims,  costs,  and  expenses,  including  
attorney’s fees,  arising  out  of  any  breach  of  any  
warranty  or  other representations   contained   herein.   
The   Author   further agrees  to  indemnify  and  hold  
harmless  JoVE  from  and against  any  and  all  claims,  
costs,  and  expenses,  including attorney’s fees, resulting 
from the breach by the Author of any representation or 
warranty  contained  herein  or from allegations or 
instances of violation of intellectual property rights, 
damage to the Author’s or the Author’s institution’s 
facilities,  fraud,  libel,  defamation,  research,  equipment, 
experiments, property damage, personal injury, violations 
of  institutional,  laboratory,  hospital,  ethical,  human  and 
animal treatment, privacy or other rules, regulations, laws, 
procedures  or  guidelines,  liabilities  and  other  losses  or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, 
and shall hold JoVE harmless from, damages caused by lack 
of sterilization, lack of cleanliness or by contamination due 
to 

the  making  of  a  video  by  JoVE  its  employees,  agents  
or independent  contractors.  All  sterilization,  cleanliness  
or decontamination     procedures     shall     be     solely     
the responsibility of the Author and shall be undertaken at 
the Author’s   expense.   All   indemnifications  provided   
herein shall include JoVE’s attorney’s fees and costs related 
to said losses   or   damages.   Such   indemnification   and   
holding harmless shall include such losses or damages 
incurred by, or   in   connection   with,   acts   or   omissions   
of   JoVE,   its employees, agents or independent 
contractors. 
13.            Fees. To cover the cost incurred for publication, 
JoVE    must    receive    payment    before    production    
and publication  the  Materials.  Payment  is  due  in  21  
days  of invoice.  Should  the  Materials  not  be  published  
due  to  an editorial   or   production   decision,   these   
funds   will   be returned to the Author. Withdrawal by the 
Author of any submitted  Materials  after  final  peer  
review  approval  will result in a US$1,200 fee to cover pre-
production expenses incurred   by   JoVE.   If   payment   is   
not   received   by   the completion  of  filming,  production  
and  publication  of  the Materials will be suspended until 
payment is received. 
14.            Transfer, Governing Law. This Agreement may 
be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s  successors  and  assignees.  This  Agreement  shall  
be governed   and   construed   by   the   internal   laws   of   
the Commonwealth of Massachusetts without giving effect 
to any  conflict  of  law  provision  thereunder.  This  
Agreement may  be  executed  in  counterparts,  each  of  
which  shall  be deemed  an  original,  but  all  of  which  
together  shall  be deemed to me one and the same 
agreement. A signed copy of  this  Agreement  delivered  
by  facsimile,  e-mail  or  other means of electronic 
transmission shall be deemed to have the same legal effect 
as delivery of an original signed copy of this Agreement.

 

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

 

CORRESPONDING AUTHOR 
Name: 

Department: 

Institution: 

Title: 

 

 

Signature:                                                                                     Date: 

 
Please submit a signed and dated copy of this license by one of the following three methods: 

1.    Upload an electronic version on the JoVE submission site 
2.    Fax the document to +1.866.381.2236 
3.    Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 

Pilar Santisteban 

Instituto de Investigaciones Biomédicas Alberto Sols 

 Department of Cancer Biology 

Professor 

10/29/2018 (mm/dd/yyyy) 



     Madrid, March-27-2019 

 

Dear Editor:  

Thank you for give us the opportunity to resubmit the manuscript JOVE_59322_R0_203110. 

Also we appreciate the two extension in the deadline. 

Please enclosed find the answer to Editor comments and to Reviewers. 

Yours sincerely 

Pilar Santisteban 

 

Editorial comments: 

Changes to be made by the author(s) regarding the manuscript: 

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

are no spelling or grammar issues. 

Done 

2. Please obtain explicit copyright permission to reuse any figures from a previous publication. 

Explicit permission can be expressed in the form of a letter from the editor or a link to the 

editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to 

your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, 

i.e. “This figure has been modified from [citation].” 

We used Figures 1, 2 from Oncogene (Ref. 16) and Figures 3 and 4 from Oncogene (Ref. 17). 

We contacted Oncogene concerning permissions and we received the below Email 

 Email from Journalpermissions:      journalpermissions@springernature.com 

Dear Pilar, 

Thank you for contacting Springer Nature. As an author, you have the right to use this 
manuscript and figures, as per the licence-to-publish you signed: 
  
Ownership of copyright in in original research articles remains with the Author, and provided 
that, when reproducing the contribution or extracts from it or from the Supplementary 
Information, the Author acknowledges first and reference publication in the Journal, the 
Author retains the following non-exclusive rights: 
  

a)      To reproduce the contribution in whole or in part in any printed volume (book or 
thesis) of which they are the author(s). 
  

b)      The author and any academic institution where they work at the time may reproduce 
the contribution for the purpose of course teaching. 
  

c)       To reuse figures or tables created by the Author and contained in the Contribution in 
oral presentations and other works created by them. 

  
d)      To post a copy of the contribution as accepted for publication after peer review (in 

locked Word processing file, of a PDF version thereof) on the Author's own web site, or 
the Author's institutional repository, or the Author's funding body's archive, six 

Rebuttal Letter Click here to access/download;Rebuttal Letter;MS
JOVE_59322_R0_203110_REBUTTAL_Letter JOVE.docx

mailto:journalpermissions@springernature.com
https://www.editorialmanager.com/jove/download.aspx?id=1018730&guid=9faea25b-8ba0-49c5-881c-f0bb8a8b5739&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1018730&guid=9faea25b-8ba0-49c5-881c-f0bb8a8b5739&scheme=1


months after publication of the printed or online edition of the Journal, provided that 
they also link to the contribution on the publisher's website. 

  
The above use of the term 'Contribution' refers to the author's own version, not the final 
version as published in the Journal. 
  
Best wishes, 
Oda Siqveland 
Rights Executive 
 SpringerNature 
The Campus, 4 Crinan Street, London N1 9XW, 
United Kingdom 
T   +44 (0) 207 014 6851 
 

3. Please revise lines 43-46, 183-185, and 199-202 to avoid previously published text. 

We have revised these lines  

 

4. Please provide an email address for each author. 

Done 

In addition please note that due to requirements of new experiments, there are two new 

authors 

 

5. Keywords: Please provide at least 6 keywords or phrases. 

Done 

 

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

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

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

All commercial products should be sufficiently referenced in the Table of Materials and 

Reagents. You may use the generic term followed by “(see table of materials)” to draw the 

readers’ attention to specific commercial names. Examples of commercial sounding language 

in your manuscript are: Matrigel, Invivofectamine, IVIS-Lumina, Hamilton, betadine, etc. 

We have changed as follow: 

Matrigel : basement membrane matrix 

Invivofectamine:  in vivo delivery reagent  

IVIS-Lumina : In vivo imaging software 

Hamilton, microliter syringe 

Betadine: Iodopovidone 

 

7. Please revise the protocol to contain only action items that direct the reader to do 

something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the 

imperative tense in complete sentences wherever possible. Avoid usage of phrases such as 

“could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be 



written in the imperative tense may be added as a “Note.” Please include all safety procedures 

and use of hoods, etc. However, notes should be used sparingly and actions should be 

described in the imperative tense wherever possible. Please move the discussion about the 

protocol to the Discussion. 

Done 

 

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

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

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

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

examples below. 

 

9. 1.3.1: Please reference the Table of Materials for the antagomiR /miR inhibitor used in this 

step. What volume of distilled water is used? 

Done 

 

10. 1.3.2.1: Please provide the composition of the complexation buffer. 

This is a commercial buffer from the Invivofectamine 3.0 kit, from ThermoFisher.  

 

11. 1.3.2.6: Please add more details about the in vivo delivery of the Invivofectamine 3.0-

antagomiR complex. 

Done 

 

12. 1.3.3: Please specify on which days of the week the treatment is performed. 

Done 

 

13. 1.4.1.2, 2.2.2.1: Please specify the concentration of isofluorane used and mention how 

proper anesthetization is confirmed. 

Done 

 

14. 2.2.2.2: How large is the incision? Please specify all surgical instruments used. 

Done 

 

15. Please include single-line spaces between all paragraphs, headings, steps, etc. 

Done 

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

highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the 

essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the 

most cohesive story of the Protocol. 



Done 

 

17. Please highlight complete sentences (not parts of sentences). Please ensure that the 

highlighted part of the step includes at least one action that is written in imperative tense. 

Please do not highlight any steps describing anesthetization and euthanasia. 

Done 

18. Please include all relevant details that are required to perform the step in the highlighting. 

For example: If step 2.5 is highlighted for filming and the details of how to perform the step 

are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be 

highlighted. 

Done 

 

19. Discussion: Please discuss critical steps within the protocol. 

We have added a few lines in the discussion regarding the critical steps. 

 

20. Table of Materials: Please remove trademark (™) and registered (®) symbols and sort the 

items in alphabetical order according to the name of material/equipment. 

Done 

 

Reviewers' comments: 

 

Reviewer #1: 

 

Manuscript Summary: 

 

The protocol presented by Ramirez-Moya describes the delivery of miR inhibitors/antagomiRs 

in xenograft and in orthotopic model of thyroid cancer using human thyroid cancer cell line. 

 

It allows to study the effect of miR and antagomiR in vivo and eventually discover therapeutic 

effects of miR. 

 

Major Concerns: 

 

Our main problem relates to the orthotopic model protocol. To be called orthotopic, authors 

should demonstrate that the injection of Cal62 cells in the thyroid effectively occurred in the 

thyroid. 

- H/E staining showing the typical thyroid architecture combined with GFP activity to reveal the 

presence of the Cal62 cells is required. 

 

We believe that we did indeed generate orthotopic tumors in mice. As can be seen in Figure 3 

in the H/E staining of the tumor appears the typical thyroid architecture.   



In addition, we have performed GFP staining, to visualize the tumoral thyroid cells injected in 

the gland.  As shown in Figure 3, the cells injected (positive for GFP) are interspersed between 

the thyroid cells of the mouse. We believe that we have generated a real orthotopic thyroid 

tumor model. 

- Effect on tumor growth should also be shown. 

The systemic treatment of anti-miR-146b in the orthotopic mouse generated blunts tumor 

growth, as shown in the new B of Panel of Figure 4 and explained in the text. 

 

- dissemination of tumoral cells to the lungs? 

We observed GFP-positive cells in the lung of orthotopic thyroid mouse (see the figure 

included below for the reviewer).  

 

 

Minor Concerns: 

- line 49 : sentence is too general for a single reference. Either give more references or be 

specific by mentioning miR146. It would also be nice to have one or two background 

information sentences on miR146. 

Done 

- line 60 : computer-assisted mistake : orthotopic instead of orthotropic. 

Done 

- line 72 : mention the mutation(s) found in this cell line, the details of the GFP and Luc 

construct. 

Done 

- line 77 : suspend cell in cold, RT or warm PBS ? 

Done 

- line 85 : Matrigel instead of Matirgel 

Done 



 

- line 86 : ...using (a) pre-cooled pipet tips ....and not pipet. 

Done 

 

- line 87: mention the type of syringe and needle used 

Done 

 

- line 88: inject 200 ul.... state that the volume injected is independent (or dependent) of the 

tumor volume. 

The volume and quantity of miR-inhibitor is independent of the tumor volume. Nevertheless, 

as explained in the critical steps (Discussion) we always try to have tumors of similar sizes  

 

- line 109: final concentration: 2 nmol. This is not a concentration but a quantity 

Done 

- line 110: specify the days of the treatments (3 times each week) : monday, wednesday and 

friday ?  

Done 

 

- line 113 : remove 1.4.1 and place the sentence after the title : Analysis of tumor growth. 

Done 

 

- line 114 : mention the type of syringe and needle used for the injection. 

Done 

 

- line 116 : details on isoflurane dose, flux could be given 

Done 

 

- line 142 : mention if your work under a sterile flow and with a stereomicroscope .... 

Done 

 

- line 145 : mention the type of Hamilton syringe you are using ... 

Done 

 

- could 2.4. Analysis of tumor growth comes before 2.3. Systemic antagomiR/miR inhibitor 

treatment ? 



The process 2.3 and 2.4 are simultaneous at the beginning and since the final aim is to 

measure the size of the tumor, we believe that the analysis of the tumor growth is the final 

step before 2.5 ”tumor excision” 

 

- line 159 : inhibitor instead go imhibitor 

Done 

 

- line 161 : retro-orbital vein injection on anesthetized animals ? 

Done 

 

- line 168 : 8 or 9 minutes ? 

Done 

 

- line 172 : 7 or Seven .... 

Done 

 

- line 172 : sacrifice the mice before excising the tumors ? 

Done 

 

- A time line showing the 3 retro-orbital injection and the 2 bioluminescence recording per 

week could be illustrated in the figures. 

We made a time line (Figs 1 and 4 panels A) representing different steps (cell inoculation, 

treatment starting and finishing). We think that adding also bioluminescence recording will 

make the figure overly busy.  

 

- line 181 : mirVana ... I would mention antagomiR or miR inhibitor and not the brand. When 

describing transfection, the brand was not mentioned.... 

Done 

 

- lines 212 and 216 : SEM and SD : choose and adapt. 

The correct is SEM 

 

- graphs in figures do not contain any unit 

The graphs and Figures contain the units 

 

 

Reviewer #2: 

 



Manuscript Summary: 

 

In this work, Moya and colleagues presents a protocol in which after thyroid cancer cells 

injection in xenograft and orthotopic mouse models, they monitored the effects of AntagomiR 

as a therapeutic approach in thyroid cancer. The authors showed that, the inhibition of 

microRNA is able to reduce tumor growth in mice. Overall the work is interesting however 

there are several points that need to be addressed. 

 

Major Concerns: 

 

1. Is the CAL62 cell line authenticated? 

Yes, we authenticate in our laboratory the cells every 6 month  

 

2. What is the exact sample size (number) of xenograft and orthotopic mice used for each 

experimental group? Please add a detailed description. 

Done  

 

3. Are statistical tests justified as appropriate? The authors should report the statistical 

methods used in Protocol paragraph. 

Done 

 

4. Is there an estimate of variation within each group of data? This would be important as well 

for comparison. 

We used the SEM to analyze the within-group variance as described in the figure legend and in 

steps: 1.4.3 and 2.4.2. 

 

5. In literature it is reported that miR-146b promotes thyroid cancer progression by targeting 

PTEN, such as reported in Reference 10 of your manuscript. Consequently, it is very important 

know the level of PTEN protein in the miR-inhibitor treated tumor. 

We have added these data (see Figure 2) 

 

6. Please provide a more detailed Material and Methods section. 

Done 


