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SUMMARY: 23 
Presented here is an optimized protocol for isolating, culturing, transfecting, and differentiating 24 
human primary monocytes from HIV-infected individuals and heathly controls. 25 
 26 
ABSTRACT: 27 
Human immunodeficiency virus (HIV) remains a major health concern despite the introduction 28 
of combined antiretroviral therapy (cART) in the mid-1990s. While antiretroviral therapy 29 
efficiently lowers systemic viral load and restores normal CD4+ T cell counts, it does not 30 
reconstitute a completely functional immune system. A dysfunctional immune system in HIV-31 
infected individuals undergoing cART may be characterized by immune activation, early aging of 32 
immune cells, or persistent inflammation. These conditions, along with comorbid factors 33 
associated with HIV infection, add complexity to the disease, which cannot be easily 34 
reproduced in cellular and animal models. To investigate the molecular events underlying 35 
immune dysfunction in these patients, a system to culture and manipulate human primary 36 
monocytes in vitro is presented here.  Specifically, the protocol allows for the culture and 37 
transfection of primary CD14+ monocytes obtained from HIV-infected individuals undergoing 38 
cART as well as from HIV-negative controls.  The method involves isolation, culture, and 39 
transfection of monocytes and monocyte-derived macrophages. While commercially available 40 
kits and reagents are employed, the protocol provides important tips and optimized conditions 41 
for successful adherence and transfection of monocytes with miRNA mimics and inhibitors as 42 
well as with siRNAs.  43 
 44 
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INTRODUCTION:   45 
Human immunodeficiency virus-1 (HIV-1) infection causes severe immune dysfunction, which 46 
can lead to opportunistic infections and acquired immunodeficiency syndrome (AIDS). Although 47 
HIV-infected patients undergoing cART are characterized by low viral loads and normal CD4+ T 48 
cell counts, functioning of the immune system can be compromised in these individuals, leading 49 
to a dysfunctional immune response that has been linked to an increased risk of developing 50 
cancer1. The mechanisms of immune dysfunction in HIV patients on cART remain largely 51 
unknown. Therefore, characterizing patient-derived immune cells and investigating their 52 
biology and function is a critical component of current HIV research.  53 
 54 
Monocytes and macrophages are key regulators of immune responses and play fundamental 55 
roles in HIV infection2-5. Heterogeneous and plastic in nature, macrophages can be broadly 56 
classified into classically activated (M1) or alternatively activated (M2). While this general 57 
classification is necessary when setting up experimental conditions, the polarization status of 58 
macrophages may be reversed by a variety of cytokines6-9. Although several studies have 59 
investigated the effects of HIV infection on monocytes and dendritic cells, molecular details of 60 
monocyte-mediated responses are largely unknown6,7,10-19. Among the factors involved in 61 
immune cell regulation and function, microRNAs (miRNAs), short non-coding RNAs that post-62 
transcriptionally regulate gene expression, have been shown to play an important role in the 63 
context of major cellular pathways (i.e., growth, differentiation, development, and apoptosis)20. 64 
These molecules have been described as important regulators of transcription factors essential 65 
for dictating the functional polarization of macrophages21. The potential role of miRNAs in 66 
monocytes from HIV-infected individuals undergoing cART has been investigated, but progress 67 
in the field requires much more work22-26. This paper discusses an optimized method to 68 
transfect miRNAs and siRNAs into primary human monocytes from HIV-infected patients and 69 
controls. 70 
 71 
This protocol relies on commercially available reagents and kits, as continuity in the technical 72 
procedure helps eliminate unnecessary experimental variables when working with clinical 73 
samples. Nonetheless, the method provides important tips (i.e., the number of cells plated or 74 
brief incubation with serum-free media to promote the adherence of cells to the plate).  75 
Additionally, the polarization conditions used in this protocol are derived from published work 76 
27-29. 77 
 78 
PROTOCOL:  79 
All methods described below have been approved by the Louisiana State University Health 80 
Sciences Center New Orleans Institutional Review Board. All blood was collected after obtaining 81 
informed consent. 82 
 83 
NOTE: The entire procedure is performed under sterile conditions in a biosafety level 2 (BSL2) 84 
facility so that caution is used to handle biological materials. In particular, each step is 85 
performed using sterile techniques under a biosafety cabinet. After each step involving blood, 86 
blood products, cells, or cell product pipetting, it is important to rinse all plastic material (i.e., 87 
serological pipettes, pipette tips, and tubes) with 10% bleach from a waste container inside the 88 



  

 
 

hood prior to proper disposal.  89 
 90 
1. Isolation of primary human monocytes by immunomagnetic negative selection 91 
 92 
1.1. Collect 40 mL of fresh, human whole blood (from either an HIV+ patient or healthy control) 93 
in four 10 mL ethylenediaminetetraacetic acid (EDTA) vacuum tubes (10 mL of blood per tube). 94 
Using sterile techniques under a biosafety cabinet, transfer all 40 mL of blood into one 50 mL 95 
conical propylene tube.  96 
 97 
1.2. Following the manufacturer’s protocol for the selected human monocyte isolation kit 98 
(Table of Materials), add 2 mL of monocyte isolation cocktail, provided in the kit, to the tube of 99 
blood. Vortex magnetic beads, also provided in the kit, for 30 s, and add 2 mL to the tube of 100 
blood.  101 
 102 
1.2.1. If less than 40 mL of blood is available, scale down the reagents added. To mix the 103 
solution, pipette up and down with a plastic 25 mL serological pipette and incubate for 5 min at 104 
room temperature (RT).  105 
 106 
1.3. Separate the blood mixture equally into four 50 mL tubes and add 30 mL of sterile 107 
phosphate-buffered saline (PBS) containing 1 mM EDTA to each tube. Mix by pipetting up and 108 
down with a plastic 25 mL serological pipette. 109 
 110 
1.4. Place the tubes in magnet holders for 10 min to remove the antibody-conjugated magnetic 111 
beads. Use four magnet holders simultaneously, one for each tube, to allow consistent 112 
incubation and isolation times for each blood sample. 113 
 114 
1.5. Draw up the contents from the center of each tube, using a pipette, while they are still in 115 
the magnet holders. Be careful not to draw up red blood cells, and place the contents into one 116 
of four new 50 mL tubes. 117 
 118 
1.6. Add 500 μL of vortexed magnetic beads to each 50 mL tube. Pipette up and down with a 25 119 
mL pipette and incubate at RT for 5 min. Then, place the tubes into magnet holders for 5 min.  120 
 121 
1.7. Carefully transfer the contents from the center of each tube while still in magnet holders 122 
into one of four new 50 mL tubes. Directly place each new 50 mL tube in the magnet holders 123 
for 5 min. 124 
 125 
1.8. Carefully transfer contents from the center of each tube into one of four new 50 mL tubes. 126 
Spin all new 50 mL tubes at 300 x g for 5 min. Aspirate the supernatant and resuspend all four 127 
cell pellets in a total of 10 mL of sterile PBS.  128 
 129 
1.9. Count cells by trypan blue exclusion using a hemocytometer.  130 
 131 
NOTE: 8–20 x 106 cells are generally obtained from 40 mL of whole blood. 132 



  

 
 

 133 
2. Culturing of primary human monocytes 134 
 135 
2.1. Using a 37 °C water bath, warm serum-free RPMI 1640 media supplemented with 1% 136 
penicillin-streptomycin (pen/strep), and (while continuing to use sterile techniques under a 137 
biosafety cabinet) resuspend the isolated monocytes in this media at a concentration of 1 x 106 138 
cells/mL.  139 
 140 
2.2. Add 1 mL of resuspended cells to each well of a 6 well plate or into a 35 mm dish (the final 141 
number of cells should be 1 x 106 cells/plate), and place in a 37 °C incubator with 5% CO2. Wait 142 
0.5–1.0 h for cells to adhere. 143 
 144 
2.3. Using a 37 °C water bath, warm heat-inactivated (HI) fetal bovine serum (FBS). Add 100 μL 145 
(10% final concentration) of FBS to each plate. Add growth factors to the cells to promote 146 
macrophage differentiation.  147 
 148 
2.3.1. Prime macrophages for an M1-like phenotype by adding 25 ng/mL of granulocyte-149 
macrophage colony-stimulating factor (GM-CSF) to media. Prime macrophages for an M2-like 150 
phenotype by adding 50 ng/mL of macrophage colony-stimulating factor (M-CSF) to media28.  151 
 152 
NOTE: Both GM-CSF and M-CSF allow monocyte differentiation to a general macrophage 153 
phenotype (M0) while priming cells for M1 or M2, respectively7,28,30. 154 
 155 
3. Transfecting primary human monocytes in culture 156 
 157 
3.1. Transfect monocytes with miRNA mimics or inhibitors or siRNA using a kit containing a 158 
polymer-based transfection reagent (Table of Materials).  159 
 160 
3.1.1. Following the manufacturer’s protocol for the transfection kit (and continuing the use of 161 
sterile techniques under a biosafety cabinet), first dilute the selected miRNA mimics/inhibitors 162 
or siRNAs in the buffer to a final concentration of 1.83 μM. Prepare 10 μL of diluted 163 
mimic/inhibitor per transfection of 1 x 106 cells. 164 
 165 
3.2. Prepare the transfection reagent by adding 1 μL of the provided polymer to a fresh 1.5 mL 166 
microcentrifuge tube, followed immediately by adding 90 μL of provided buffer (for a total of 167 
91 μL of reagent per transfection). Vortex for 3–5 s. 168 
 169 
3.3. Pipette 90 μL of transfection solution into the tube containing 10 μL of diluted miRNA 170 
mimic/inhibitor or siRNA. Mix by gentle pipetting and incubate for 15 min at RT. 171 
 172 
3.4. Add 100 μL of transfection complex to one well (or dish) of 1 x 106 plated monocytes. 173 
Incubate cells for 4 h at 37 °C, then replace the medium with 3 mL of complete media (RPMI 174 
1640 supplemented with 1% penicillin-streptomycin and 10% heat-inactivated FBS) containing 175 
either GM-CSF or M-CSF. 176 



  

 
 

 177 
4. M1/M2 differentiation and activation 178 
 179 
4.1. Monocytes immediately begin differentiating to broad M0 macrophages upon plating in 180 
culture. On the third day after plating, continue the using sterile techniques under a biosafety 181 
cabinet and replace media with 3 mL of fresh RMPI 1640 media (supplemented with 1% 182 
penicillin-streptomycin, 10% heat-inactivated FBS, and either 25 ng/mL GM-CSF to promote 183 
M1-like polarization or 50 ng/mL M-CSF to promote M2-like polarization). Culture the cells in 184 
these conditions for a total of 6 days from initial plating in an incubator at 37 °C, 5% CO2. 185 
 186 
4.2. To advance polarization of primed cells to the M1-macrophage phenotype, activate cells on 187 
day 6 of incubation by replacing cell media with new media containing 5% heat-inactivated FBS, 188 
1% pen/strep, 100 ng/mL E. coli-derived lipopolysaccharide (LPS), and 20 ng/mL interferon 189 
gamma (IFN-γ).  190 
 191 
4.3. To advance polarization of primed cells to the M2-macrophage phenotype, activate cells on 192 
day 6 of incubation by replacing cell media with new media containing 5% heat-inactivated FBS, 193 
1% pen/strep, 10 ng/mL M-CSF, and 20 ng/mL interleukin 4 (IL-4). 194 
 195 
4.4. After 24 h, harvest the cells for RNA, protein, or flow cytometry analyses.  196 
 197 
4.4.1. When cells are ready for collection, wash cells in the dish 2x with PBS (at RT for RNA 198 
extraction or chilled on ice for protein extraction). Because the differentiated macrophages are 199 
now firmly attached to the plates, lyse the cells in plates directly to obtain material for RNA and 200 
protein analyses.  201 
 202 
4.4.2. For collection of material for flow cytometry, add PBS containing 2 mM EDTA to the dish, 203 
incubate the cells for 10 min at 37 °C, gently scrape the cells from the dish, and collect the 204 
contents in a 1.5 mL microcentrifuge tube before proceeding with standard protocols. 205 
 206 
5. Flow cytometry 207 
 208 
5.1. Rinse cells in PBS to remove the culturing medium. Spin down 100,000 cells (per each flow 209 
cytometry condition) and resuspend the pellet in 100 µL of PBS containing 2 µL of HuFcR 210 
binding inhibitor. Incubate at RT for 15 min. 211 
 212 
5.2. Add 50 µL of staining buffer and the desired antibodies (here, CD80, CD83, CD163, and 213 
CD209 were used) in the recommended amounts. 214 
 215 
5.3. Mix gently and incubate at 4 °C in the dark for 30 min. 216 
 217 
5.4. Wash 2x with PBS and resuspend the stained cells in 150 µL of PBS before running the 218 
sample on a cytofluorimeter.  219 
 220 



  

 
 

REPRESENTATIVE RESULTS:   221 
 222 
Using the procedure described, primary human monocytes from HIV-infected individuals and 223 
healthy donors were isolated. All data presented here were obtained from HIV+ subjects 224 
undergoing cART with low (<20 copies/mL) or undetectable viral loads and normal CD4+ T cell 225 
counts. Immediately after isolation, cells were stained, and flow cytometry was performed to 226 
confirm the purity of cell populations. Results showed that >97% of cells stained positive for 227 
CD14 (data not shown). For polarization of macrophages, a published protocol was used28. 228 
Primary human monocytes were cultured in the presence of GM-CSF or M-CSF for 6 days. On 229 
the sixth day, cells were activated towards either M1 or M2 macrophages. Twenty-four hours 230 
post-activation, cells were harvested and stained for flow cytometry analysis of macrophage 231 
cell markers.   232 
 233 
Figure 1 shows representative histograms of M1-activated control- (Figure 1A) and patient-234 
derived (Figure 1B) cells with increased levels of CD80 and CD83 and decreased levels of CD163 235 
when compared to non-activated T0 cells, as well as M2-activated cells with increased levels of 236 
CD163 and CD209. Panel C in shows expression of CD80, CD83, CD163, and CD209 in M1 and 237 
M2 polarized cells. The graph represents the average data obtained from three control- and 238 
three HIV-derived sets of cells. As expected, expression levels of CD80 and CD83 increased in 239 
M1 compared to M2 polarized cells, while CD209 and CD163 were more highly expressed in M2 240 
compared to M1 polarized cells. Interestingly, CD80 and CD83 appeared to be more highly 241 
expressed in control-derived cells compared to HIV-derived cells. However, potential 242 
differences in the ability to polarize and/or expression levels of polarization markers in HIV-243 
derived cells compared to controls requires further investigation. Although GM-CSF, M-CSF, 244 
LPS, and IFN-γ were chosen as treatments, other combinations of growth factors, cytokines, or 245 
stimulators may be used with this protocol28.  246 
 247 
After preliminary experiments showed that the isolation procedure was successful, freshly 248 
collected monocytes were plated in 6 well plates and transfected with a scrambled, near-249 
infrared-labeled miRNA to determine transfection efficiency. Cells were imaged 24 h post-250 
transfection by fluorescent confocal microscopy. With this method, >90% efficiency of 251 
transfection was achieved, as determined by flow cytometry (Figure 2A) and confocal 252 
microscopy (Figure 2B).  253 
 254 
Next, viability of the cells after transfection was determined. Figure 3 shows the viability of 255 
cells, determined using a colorimetric assay as an average of cells derived from two patients 256 
(Figure 3A) and two controls (Figure 3B) transfected at day 1 (Figure 3A) or day 4 (Figure 3B) 257 
and harvested at day 7. For this experiment, 50,000 cells were plated on a 96 multi-well plate 258 
and transfected following the protocol. In general, transfection did not significantly reduce the 259 
viability of cells, regardless of the stage of maturation of the cells and the transfection 260 
conditions (i.e., mock, scrambled siRNA/miRNA, or siRNA/miRNA). It should be noted that 261 
Figure 3 represents data obtained from patient-derived cells (panel A) and control-derived cells 262 
(panel B).  This was necessary, since not enough cells to perform the full experiment (both 263 
viability and western blot for day 1 and day 4 transfections, in six different conditions per 264 



  

 
 

transfection) with a single sample were able to be obtained. Nevertheless, the figure provides 265 
representative results obtainable with either control- or patient-derived cells. 266 
 267 
Then, the effectiveness of siRNA transfection on target mRNA was assessed by evaluating 268 
protein expression. Results in Figure 4 show effective downregulation of EIF4EBP1, a 269 
translational regulator highly abundant in these cells, upon transfection with a specific siRNA at 270 
both day 1 (Figure 4A) and day 4 (Figure 4C). The same regulator also maintained expression 271 
under the various control conditions (i.e., untransfected, mock, scrambled siRNA, and EIF4EBP1 272 
siRNA without transfection reagent: siR*). Quantification of western blot experiments for day 1 273 
and day 4 transfection are shown in Figure 4B and Figure 4D, respectively. Additionally, 274 
expression levels of miR-146a-5p following transfection at day 1 or day 4 by RT-qPCR of HIV-275 
derived cells were determined (Figure 4E). Cells transfected with miRNA mimic showed a 48- to 276 
72-fold increase in miRNA expression over untransfected cells, while all transfection controls 277 
show no appreciable changes.    278 
  279 
FIGURE AND TABLE LEGENDS:  280 
 281 
Figure 1: Monocyte-derived macrophages are successfully polarized and activated towards 282 
M1 or M2 macrophage phenotypes. Flow cytometry analysis results of cells derived from one 283 
healthy control (A) and one HIV-derived cell sample (B) show levels of CD80, CD83, CD163, and 284 
CD209. The experiment was repeated with two additional controls and two additional HIV-285 
positive samples with similar results. Cell population of interest was gated on the basis of 286 
forward and side scatter parameters, followed by doublet discrimination. (C) Bar graph showing 287 
CD80, CD83, CD163, and CD209 in M1 and M2 polarized cells. The graph represents the average 288 
data and standard deviations obtained from three control- (Ctrl) and three HIV-derived (Pts) 289 
sets of cells.  290 
 291 
Figure 2: Primary human CD14+ cells are efficiently transfected with miRNAs. (A) Flow 292 
cytometry analysis of primary monocytes derived from healthy controls, 24 h post-transfection, 293 
showing >90% transfection efficiency. (B) Representative confocal image taken 24 h post-294 
transfection shows that all cells in the field express the miRNA conjugated with a near-infrared 295 
dye (in white).  296 
 297 
Figure 3: Viability of transfected cells. Graph bars represent average cell viability of two HIV+ 298 
patients (A) and two healthy controls (B) determined using a colorimetric assay, after 299 
transfection with miR-146a-5p or siRNA to EIF4EBP1 (siRNA) and the appropriate controls at 300 
day 1 (A) or day 4 (B), all tested at day 7.  301 
 302 
Figure 4: Efficient downregulation of protein levels upon siRNA/miRNA transfection post-303 
isolation of CD14+ monocytes. Control and HIV-derived monocytes (1 x 106 cells) were 304 
transfected at day 1 (A) or day 4 (C) post-isolation using siRNA against EIF4EBP1 mRNA. Panels 305 
(B) and (D) represent quantification of EIF4EBP1 expression compared to GAPDH and is 306 
expressed as the percentage over mock for patient (Pt) or control (Ctrl) (A) or untransfected for 307 
patient or control (B). (E) Representative bar graph of two experiments showing miR-146a-5p 308 



  

 
 

expression in HIV-derived cells transfected at day 4 (bars 1–4) or day 1 (right bar) and harvested 309 
at day 7. The fold change is calculated over the untransfected sample (siR = siRNA). siR* or miR-310 
145a-5p* indicate incubation of the cells with siRNA or miR-146a-5p without the transfection 311 
reagent. The experiment was repeated 2x with control-derived cells and produced essentially 312 
the same results (data not shown). 313 
 314 
DISCUSSION:  315 
The presented protocol demonstrates the use of primary cells from HIV-infected subjects as a 316 
model for studying monocytes and macrophages. HIV+ patients undergoing cART live with 317 
infection for multiple years and can also have other co-infections related a compromised 318 
immune system. To study immunomodulation in the presence of HIV chronic infection, cells 319 
were harvested from patients directly. As miRNAs have been shown to play major roles in cell 320 
development and differentiation, the protocol focuses on the ability to manipulate miRNA 321 
expression in these primary cells (Figure 2, Figure 3, Figure 4). Using the same procedure, this 322 
protocol also works very well for siRNAs (Figure 3, Figure 4). Due to the potential phagocytic 323 
activity of mature macrophages, in addition to mock and scramble siRNA controls, a control is 324 
used (indicated as siR* or miR* in Figure 3 and Figure 4), in which the transfection reagent is 325 
omitted. Data confirm that the transfection reagent is required for proper siRNA/miRNA 326 
delivery into the cells, as without the reagent, cells do not spontaneously uptake the miRNA or 327 
siRNA, even when they are already differentiated into macrophages (day 4 after plating and 328 
polarization, Figure 3 and Figure 4).   329 
 330 
While using commercially available kits for isolation and transfection of human primary CD14+ 331 
monocytes, there are key steps optimized to make the procedure reproducible and successful. 332 
Specifically, 1) the number of cells plated is critical for their survival and differentiation, and 1 x 333 
106 cells/35 mm dish was found to work best. 2) Freshly isolated CD14+ cells do not uniformly 334 
attach to the culture dish if seeded in the presence of FBS. As a consequence, when replacing 335 
the medium 4 h after transfection, all unattached cells will be removed, making plate-to-plate 336 
conditions highly variable. 3) It was found that replacing the medium 4 h following transfection, 337 
reduces toxicity due to transfecting reagents while not affecting the efficiency of transfection. 338 
4) Transfection conditions were optimized to require less siRNA or miRNA (15 nM) than 339 
concentrations recommended by the manufacturer (25 nM). 5) Due to the highly adherent 340 
nature of the cells, adding lysis buffer directly to the plate greatly improves the concentration 341 
of proteins or RNA harvested. However, if it is necessary to remove cells from the plate (i.e., for 342 
flow cytometry analysis), it is best to use PBS with EDTA and gently scrape the cells.  This 343 
method reduces the number of collected cells by approximately 20%–30%, so it is important to 344 
plan experiments accordingly to obtain sufficient cell numbers for further analysis. 345 
 346 
When followed correctly, this procedure demonstrates the obtaining of highly pure CD14+ 347 
population of monocytes, transfection of siRNAs and small RNAs such as miRNAs, culture 348 
conditions, and differentiation into M1 or M2 macrophages. This method may be applied to 349 
study complex diseases or infections other than HIV. 350 
 351 
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Name of Material/ Equipment Company

0.5M EDTA Invitrogen

BD Vacutainer Plastic Blood Collection Tubes with K2EDTA BD Biosciences

Brilliant Stain Buffer BD Horizon

CD14 PerCP Invitrogen

CD163 BV711 BD Horizon

CD209 BV421 BD Horizon

CD80 FITC BD Horizon

CD83 APC BD Horizon

Easy 50 EasySep Magnet StemCell Technologies

Easy Sep Direct Human Monocyte Isolation Kit StemCell Technologies

EIF4EBP1 mAb Cell Signaling

EIF4EBP1 siRNA Santa Cruz

Fetal Bovin Serum Defined Heat Inactivated Hyclone

Gallios Flow Cytometer Beckman Coulter

GAPDH mAb Santa Cruz

HuFcR Binding Inhibitor eBiosciences

Kaluza Analysis Software Beckman Coulter

Lipopolysaccharides from Escherichia coli  O55:B5 Sigma

miRCURY LNA microRNA Mimic hsa-miR-146a-5p Qiagen

MISSION miRNA Negative Control Sigma

Nunc 35mm Cell Culture Dish Thermo Scientific
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PBS Gibco

Penicillin-Streptomycin Gibco

Recombinant Human GM-CSF R&D Systems

Recombinant Human IFN-γ R&D Systems

Recombinant Human IL-4 R&D Systems

Recombinant Human M-CSF R&D Systems

RPMI 1640 with L-Glutamine Corning

Scrambled Control siRNA Santa Cruz

Viromer Blue Transfection Reagent Kit Lipocalyx

WST-1 Cell Proliferation Reagent Roche



Catalog Number Comments/Description

AM9260G

366643

563794 Flow cytometry

46-0149-42 Flow cytometry- conjugated antibody

563889 Flow cytometry- conjugated antibody

564127 Flow cytometry- conjugated antibody

557226 Flow cytometry- conjugated antibody

551073 Flow cytometry- conjugated antibody

18002

19669

9644 Monoclonal antibody for Western blot

sc-29594

SH30070.03HI

B43618

SC-47724 Monoclonal antibody for Western blot

14-9161-73 Flow cytometry- blocking buffer

B16406 Software to analyze flow cytometry data

L4524

YM00472124

HMC0002

Scrambled miRNA conjugated with a near 

infrared dye

150318



20012027

15140122

215-GM-050

285-IF-100

204-IL-010

216-MC-025

10040CVMP

sc-37007

VB-01LB-01

5015944001 Colorimetric assay to assess cell viability
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Item L: The Author elects to have the Materials be made available (as described at
http://www.jove.com/pu blish) via :

Standard Access I oo"n Access

Item 2: Please select one of the following items:

Eth" Author is NOT a United States government employee.

Itn" 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.

It^" 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

Defined Terms. As used in this Article and Video1.

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 AgreemenU
"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;
"€RC 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; "lnstitution" 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 ofThe 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
a ppear.

2. Background. The Author, who is the author ofthe
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. ln
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. ln 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 A.rticle

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 ofthe 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. lf the "Open Access" box has been

checked in ltem L 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.

6L2542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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
lnstitution'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 ltem 1 above or if no box has been checked in

Item 1 above. ln consideration ofJoVE agreeingto 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 disclaimi 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 ltem 1 above. ln consideration ofJoVE 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 ofthe 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 5 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. lf 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 ltem 2 above, and

any of the licenses or grants granted by the Author
hereunder exceed the scope of the L7 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. ln 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
ioVE 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
ofthis 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. lf more than one author is Iisted
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 ofthe 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 vi6late,
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. lf 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. lf more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

6L2542.6 For questions, please contact us at submissions@jove.com or +I.6L7.945.9O5t.
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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. lndemnification. 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 ioVE 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 iristances 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

Department:

lnst itutio n:

Title:

Signatu re:

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE's attorney's fees and costs related to sald
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.
l-3. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 2L 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 USS1,200 fee to cover pre-production expenses
incurred by JoVE. lf payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.
r4. 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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Please submit a signed and dated copy of this license by one of the following three methods:
L. 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 #2OO / Cambridge, MA 021-40

Date: 6lt"lt9

6L2542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.



RE: JoVE59967R1 

Dear Editor, 

We are submitting a revised manuscript for your consideration. We have addressed the 

reviewer’s comments as requested.  

Reviewer #1: 

1) Although authors have addressed most of the issues raised in the initial review, the main 

limitation now relies in the way they have presented their findings. First, they lack important 

information regarding the number of cells tested for each condition, and the number of times 

they have repeated these experiments.  

Response: We have added details on the cell number in the figure legends and results section. 

Standard deviation and statistical analysis, when required, have been added to figure legends and 

main text. 

2) Moreover, they do not clearly show if the protocol can be used regardless of the HIV-1 status 

of the cells.  

Response: HIV-derived cells used in this study derive from patients on cART with a low (<20 

particles/mL) or undetectable viral load and with normal CD4 T cell count. This information has 

been added to the main text. As a result of a low or undetectable viral load, we failed to detect 

viral genome in those monocytes by PCR (data not shown). Nevertheless, by showing data 

obtained from healthy control cells we provide evidence that the protocol works independently 

from the disease status.  

3) Rather than presenting Figure 3 as an average of cells derived from both patients and controls, 

I would strongly suggest to separate these data as done in Figure 4. Moreover, Figure 2 should 

also compare patients and controls. 

Response: We apologize for the lack of clarity. Panels A and B of Fig. 3 were obtained from 2 

HIV-derived cells for day 1 transfection (A) or 2 control-derived cells for day 4 transfection (B). 

Due to the high number of cells needed to perform the experiment (we usually collect RNA and 

proteins at Time 0 and at all the other time points and conditions), we could not perform the 

experiment in full with any given preparation of cells. On the other hand, we thought that 

showing one time point with patient-derived and one with control-derived cells could give the 

idea that the protocol works for both types of samples. We have included our reasoning for 

separating A and B panels in the main text and in the figure legend.  

Furthermore, we have added new Figures 1B and 1C, showing differences between control- and 

HIV-derived cells. While we do not show specific flow data and confocal images of transfected 

HIV-derived cells, we believe data presented in Figs. 3 and 4 present quantitative data on how 

efficiently both cell populations, HIV- and control-derived cells, are transfected using this 

protocol.  

4) Regarding pinocytic activity of the cells, the control performed in Figure 4 with siR* is 

important but should also be performed in Figure 2 where fluorescent probes are used and 

unspecific staining may be observed in the absence of viromer. This should be controlled. 

Response: Although this would be a nice addition to validating that there is no pinocytic activity 

without the viromer, we do not have this data. On the other hand, we feel that data presented in 

Figure 4 address the lack of this spontaneous activity of the cells in a more quantitative and 

convincing manner than fluorescence imaging. In addition, we have provided a new figure (Fig. 
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2C) showing miR-146a-5p expression in control- and patient-derived cells after transfection with 

the miR-146a-5p mimic. 

5) In Figure 3A, is the fourth bar miRNA or miR-146a? Please check 

Response: We have addressed this point in the figure  

6) In Figure 4, siR* is only present in patient samples, so not all the experiments include the 

appropriate controls. In addition, information provided for day 1 lacks important controls. 

Response: The number of cells we obtain from a single preparation limits the number of 

conditions in the experiment. However, we have tried to compensate for this by incorporating 

different controls in both HIV-derived and healthy control-derived cells. Please, refer also to the 

response in point #3. 

7) Moreover, Figure 4E does not compare patient and control cells, rendering difficult again to 

assess if this protocol is suitable to transfect miRNA on cells regardless of their HIV-1 infection 

status. In addition, information provided for day 1 lacks important controls (mi-146a-5p* and 

scram). 

Response: We hope the addition of Figure 2C provided in the revised manuscript addresses this 

point. See also responses to points 2, 3, and 7. 

8) Figure 1 and 2 (histograms) lack Y-axis title, which I assume is "Counts". Fluorochrome 

measured in Figure 1 should also be stated (is it CD80 FITC, PE ?)  

Response: We have addressed these points in the new figure 1. 

 

 

Reviewer #3: 
 

 

1) The protocol for differentiating M1 and M2 is quite debatable. In vivo, cells are exposed to 

both M- and GM-CSF, rather than one or the other. Not exposing them to anything results in 

M2-like cells (default phenotype). Actually, the M2 cells addressed by the authors are the M2 

alternative inflammatory cells, rather than the anti-inflammatory, "healing" macrophages, which 

may be more interesting. The difference between differentiation and activation is hard to 

find/explain and the authors give a confusing explanation.  

Response: The fluid nature of the nomenclature relative to the phenotype of macrophages was 

addressed in the introduction of the first revision. In this second revision we have better cited the 

literature we followed to set up our current protocol.  We will consider the reviewer’s suggestion 

to utilize both growth factors in future experiments. 

2) That Activated M1 macrophages are loosely adherent is not the case (at least in my hands), 

and macrophages need particular caution to be detached from plastic surfaces without damage 

and without selecting a subpopulation (those that are less adherent). The issue is ill-considered in 

this protocol.  

Response: To clarify, we have never stated nor implied that the M1 macrophages are loosely 

adherent, and we highly recommended lysing the cells directly on the plate, section 4.3.  

3) There is no explanation of why one should want to transfect the cells of HIV patients with 

miRNAs. 

Response: This is our field of interest, and it is reasoned in the introduction and discussion 

sections of the original manuscript. 

 

Minor Concerns: 



1) The method includes the use of foetal bovine serum (better methods use human AB serum or 

plasma), which increases the possibility of artifacts. 

Response: While we could definitely use a different source of serum, we have chosen FBS over 

human AB because of the potential variability in different batches of human AB.  

2) Figure 1 compares M1 and M2 vs. T0, it would be important to see also the comparison 

between M1 and M2 for each marker (I see that the data should be available, as they were 

included in the Figure 2 of the previous version). 

Response: Figure 1C addresses this point. 

 

 


