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SUMMARY:
Presented here is an optimized protocol for isolating, culturing, transfecting, and differentiating human primary monocytes from HIV-infected individuals and heathly controls.

ABSTRACT:
Human immunodeficiency virus (HIV) remains a major health concern despite the introduction of combined antiretroviral therapy (cART) in the mid-1990s. While antiretroviral therapy efficiently lowers systemic viral load and restores normal CD4+ T cell counts, it does not reconstitute a completely functional immune system. A dysfunctional immune system in HIV-infected individuals undergoing cART may be characterized by immune activation, early aging of immune cells, or persistent inflammation. These conditions, along with comorbid factors associated with HIV infection, add complexity to the disease, which cannot be easily reproduced in cellular and animal models. To investigate the molecular events underlying immune dysfunction in these patients, a system to culture and manipulate human primary monocytes in vitro is presented here.  Specifically, the protocol allows for the culture and transfection of primary CD14+ monocytes obtained from HIV-infected individuals undergoing cART as well as from HIV-negative controls.  The method involves isolation, culture, and transfection of monocytes and monocyte-derived macrophages. While commercially available kits and reagents are employed, the protocol provides important tips and optimized conditions for successful adherence and transfection of monocytes with miRNA mimics and inhibitors as well as with siRNAs. 

INTRODUCTION:  
Human immunodeficiency virus-1 (HIV-1) infection causes severe immune dysfunction, which can lead to opportunistic infections and acquired immunodeficiency syndrome (AIDS). Although HIV-infected patients undergoing cART are characterized by low viral loads and normal CD4+ T cell counts, functioning of the immune system can be compromised in these individuals, leading to a dysfunctional immune response that has been linked to an increased risk of developing cancer1. The mechanisms of immune dysfunction in HIV patients on cART remain largely unknown. Therefore, characterizing patient-derived immune cells and investigating their biology and function is a critical component of current HIV research. 

Monocytes and macrophages are key regulators of immune responses and play fundamental roles in HIV infection2-5. Heterogeneous and plastic in nature, macrophages can be broadly classified into classically activated (M1) or alternatively activated (M2). While this general classification is necessary when setting up experimental conditions, the polarization status of macrophages may be reversed by a variety of cytokines6-9. Although several studies have investigated the effects of HIV infection on monocytes and dendritic cells, molecular details of monocyte-mediated responses are largely unknown6,7,10-19. Among the factors involved in immune cell regulation and function, microRNAs (miRNAs), short non-coding RNAs that post-transcriptionally regulate gene expression, have been shown to play an important role in the context of major cellular pathways (i.e., growth, differentiation, development, and apoptosis)20. These molecules have been described as important regulators of transcription factors essential for dictating the functional polarization of macrophages21. The potential role of miRNAs in monocytes from HIV-infected individuals undergoing cART has been investigated, but progress in the field requires much more work22-26. This paper discusses an optimized method to transfect miRNAs and siRNAs into primary human monocytes from HIV-infected patients and controls.

This protocol relies on commercially available reagents and kits, as continuity in the technical procedure helps eliminate unnecessary experimental variables when working with clinical samples. Nonetheless, the method provides important tips (i.e., the number of cells plated or brief incubation with serum-free media to promote the adherence of cells to the plate).  Additionally, the polarization conditions used in this protocol are derived from published work 27-29.

PROTOCOL: 
All methods described below have been approved by the Louisiana State University Health Sciences Center New Orleans Institutional Review Board. All blood was collected after obtaining informed consent.

NOTE: The entire procedure is performed under sterile conditions in a biosafety level 2 (BSL2) facility so that caution is used to handle biological materials. In particular, each step is performed using sterile techniques under a biosafety cabinet. After each step involving blood, blood products, cells, or cell product pipetting, it is important to rinse all plastic material (i.e., serological pipettes, pipette tips, and tubes) with 10% bleach from a waste container inside the hood prior to proper disposal. 
[bookmark: _Hlk18572088]
1. Isolation of primary human monocytes by immunomagnetic negative selection

1.1. Collect 40 mL of fresh, human whole blood (from either an HIV+ patient or healthy control) in four 10 mL ethylenediaminetetraacetic acid (EDTA) vacuum tubes (10 mL of blood per tube). Using sterile techniques under a biosafety cabinet, transfer all 40 mL of blood into one 50 mL conical propylene tube. 
[bookmark: _Hlk7386503]
1.2. Following the manufacturer’s protocol for the selected human monocyte isolation kit (Table of Materials), add 2 mL of monocyte isolation cocktail, provided in the kit, to the tube of blood. Vortex magnetic beads, also provided in the kit, for 30 s, and add 2 mL to the tube of blood. 

1.2.1. [bookmark: _GoBack]If less than 40 mL of blood is available, scale down the reagents added. To mix the solution, pipette up and down with a plastic 25 mL serological pipette and incubate for 5 min at room temperature (RT). 

1.3. Separate the blood mixture equally into four 50 mL tubes and add 30 mL of sterile phosphate-buffered saline (PBS) containing 1 mM EDTA to each tube. Mix by pipetting up and down with a plastic 25 mL serological pipette.

1.4. Place the tubes in magnet holders for 10 min to remove the antibody-conjugated magnetic beads. Use four magnet holders simultaneously, one for each tube, to allow consistent incubation and isolation times for each blood sample.

1.5. Draw up the contents from the center of each tube, using a pipette, while they are still in the magnet holders. Be careful not to draw up red blood cells, and place the contents into one of four new 50 mL tubes.

1.6. Add 500 μL of vortexed magnetic beads to each 50 mL tube. Pipette up and down with a 25 mL pipette and incubate at RT for 5 min. Then, place the tubes into magnet holders for 5 min. 

1.7. Carefully transfer the contents from the center of each tube while still in magnet holders into one of four new 50 mL tubes. Directly place each new 50 mL tube in the magnet holders for 5 min.

1.8. Carefully transfer contents from the center of each tube into one of four new 50 mL tubes. Spin all new 50 mL tubes at 300 x g for 5 min. Aspirate the supernatant and resuspend all four cell pellets in a total of 10 mL of sterile PBS. 

1.9. Count cells by trypan blue exclusion using a hemocytometer. 

NOTE: 8–20 x 106 cells are generally obtained from 40 mL of whole blood.

2. Culturing of primary human monocytes

2.1. Using a 37 °C water bath, warm serum-free RPMI 1640 media supplemented with 1% penicillin-streptomycin (pen/strep), and (while continuing to use sterile techniques under a biosafety cabinet) resuspend the isolated monocytes in this media at a concentration of 1 x 106 cells/mL. 

2.2. Add 1 mL of resuspended cells to each well of a 6 well plate or into a 35 mm dish (the final number of cells should be 1 x 106 cells/plate), and place in a 37 °C incubator with 5% CO2. Wait 0.5–1.0 h for cells to adhere.

2.3. Using a 37 °C water bath, warm heat-inactivated (HI) fetal bovine serum (FBS). Add 100 μL (10% final concentration) of FBS to each plate. Add growth factors to the cells to promote macrophage differentiation. 

2.3.1. Prime macrophages for an M1-like phenotype by adding 25 ng/mL of granulocyte-macrophage colony-stimulating factor (GM-CSF) to media. Prime macrophages for an M2-like phenotype by adding 50 ng/mL of macrophage colony-stimulating factor (M-CSF) to media28. 

NOTE: Both GM-CSF and M-CSF allow monocyte differentiation to a general macrophage phenotype (M0) while priming cells for M1 or M2, respectively7,28,30.

3. Transfecting primary human monocytes in culture

3.1. Transfect monocytes with miRNA mimics or inhibitors or siRNA using a kit containing a polymer-based transfection reagent (Table of Materials). 

3.1.1. Following the manufacturer’s protocol for the transfection kit (and continuing the use of sterile techniques under a biosafety cabinet), first dilute the selected miRNA mimics/inhibitors or siRNAs in the buffer to a final concentration of 1.83 μM. Prepare 10 μL of diluted mimic/inhibitor per transfection of 1 x 106 cells.

3.2. Prepare the transfection reagent by adding 1 μL of the provided polymer to a fresh 1.5 mL microcentrifuge tube, followed immediately by adding 90 μL of provided buffer (for a total of 91 μL of reagent per transfection). Vortex for 3–5 s.

3.3. Pipette 90 μL of transfection solution into the tube containing 10 μL of diluted miRNA mimic/inhibitor or siRNA. Mix by gentle pipetting and incubate for 15 min at RT.

3.4. Add 100 μL of transfection complex to one well (or dish) of 1 x 106 plated monocytes. Incubate cells for 4 h at 37 °C, then replace the medium with 3 mL of complete media (RPMI 1640 supplemented with 1% penicillin-streptomycin and 10% heat-inactivated FBS) containing either GM-CSF or M-CSF.

4. M1/M2 differentiation and activation

4.1. Monocytes immediately begin differentiating to broad M0 macrophages upon plating in culture. On the third day after plating, continue the using sterile techniques under a biosafety cabinet and replace media with 3 mL of fresh RMPI 1640 media (supplemented with 1% penicillin-streptomycin, 10% heat-inactivated FBS, and either 25 ng/mL GM-CSF to promote M1-like polarization or 50 ng/mL M-CSF to promote M2-like polarization). Culture the cells in these conditions for a total of 6 days from initial plating in an incubator at 37 °C, 5% CO2.

4.2. To advance polarization of primed cells to the M1-macrophage phenotype, activate cells on day 6 of incubation by replacing cell media with new media containing 5% heat-inactivated FBS, 1% pen/strep, 100 ng/mL E. coli-derived lipopolysaccharide (LPS), and 20 ng/mL interferon gamma (IFN-γ). 

4.3. To advance polarization of primed cells to the M2-macrophage phenotype, activate cells on day 6 of incubation by replacing cell media with new media containing 5% heat-inactivated FBS, 1% pen/strep, 10 ng/mL M-CSF, and 20 ng/mL interleukin 4 (IL-4).

4.4. After 24 h, harvest the cells for RNA, protein, or flow cytometry analyses. 

4.4.1. When cells are ready for collection, wash cells in the dish 2x with PBS (at RT for RNA extraction or chilled on ice for protein extraction). Because the differentiated macrophages are now firmly attached to the plates, lyse the cells in plates directly to obtain material for RNA and protein analyses. 

4.4.2. For collection of material for flow cytometry, add PBS containing 2 mM EDTA to the dish, incubate the cells for 10 min at 37 °C, gently scrape the cells from the dish, and collect the contents in a 1.5 mL microcentrifuge tube before proceeding with standard protocols.

5. Flow cytometry

5.1. Rinse cells in PBS to remove the culturing medium. Spin down 100,000 cells (per each flow cytometry condition) and resuspend the pellet in 100 µL of PBS containing 2 µL of HuFcR binding inhibitor. Incubate at RT for 15 min.

5.2. Add 50 µL of staining buffer and the desired antibodies (here, CD80, CD83, CD163, and CD209 were used) in the recommended amounts.

5.3. Mix gently and incubate at 4 °C in the dark for 30 min.

5.4. Wash 2x with PBS and resuspend the stained cells in 150 µL of PBS before running the sample on a cytofluorimeter. 

REPRESENTATIVE RESULTS:  

Using the procedure described, primary human monocytes from HIV-infected individuals and healthy donors were isolated. All data presented here were obtained from HIV+ subjects undergoing cART with low (<20 copies/mL) or undetectable viral loads and normal CD4+ T cell counts. Immediately after isolation, cells were stained, and flow cytometry was performed to confirm the purity of cell populations. Results showed that >97% of cells stained positive for CD14 (data not shown). For polarization of macrophages, a published protocol was used28. Primary human monocytes were cultured in the presence of GM-CSF or M-CSF for 6 days. On the sixth day, cells were activated towards either M1 or M2 macrophages. Twenty-four hours post-activation, cells were harvested and stained for flow cytometry analysis of macrophage cell markers.  

Figure 1 shows representative histograms of M1-activated control- (Figure 1A) and patient-derived (Figure 1B) cells with increased levels of CD80 and CD83 and decreased levels of CD163 when compared to non-activated T0 cells, as well as M2-activated cells with increased levels of CD163 and CD209. Panel C in shows expression of CD80, CD83, CD163, and CD209 in M1 and M2 polarized cells. The graph represents the average data obtained from three control- and three HIV-derived sets of cells. As expected, expression levels of CD80 and CD83 increased in M1 compared to M2 polarized cells, while CD209 and CD163 were more highly expressed in M2 compared to M1 polarized cells. Interestingly, CD80 and CD83 appeared to be more highly expressed in control-derived cells compared to HIV-derived cells. However, potential differences in the ability to polarize and/or expression levels of polarization markers in HIV-derived cells compared to controls requires further investigation. Although GM-CSF, M-CSF, LPS, and IFN-γ were chosen as treatments, other combinations of growth factors, cytokines, or stimulators may be used with this protocol28. 

After preliminary experiments showed that the isolation procedure was successful, freshly collected monocytes were plated in 6 well plates and transfected with a scrambled, near-infrared-labeled miRNA to determine transfection efficiency. Cells were imaged 24 h post-transfection by fluorescent confocal microscopy. With this method, >90% efficiency of transfection was achieved, as determined by flow cytometry (Figure 2A) and confocal microscopy (Figure 2B). 

Next, viability of the cells after transfection was determined. Figure 3 shows the viability of cells, determined using a colorimetric assay as an average of cells derived from two patients (Figure 3A) and two controls (Figure 3B) transfected at day 1 (Figure 3A) or day 4 (Figure 3B) and harvested at day 7. For this experiment, 50,000 cells were plated on a 96 multi-well plate and transfected following the protocol. In general, transfection did not significantly reduce the viability of cells, regardless of the stage of maturation of the cells and the transfection conditions (i.e., mock, scrambled siRNA/miRNA, or siRNA/miRNA). It should be noted that Figure 3 represents data obtained from patient-derived cells (panel A) and control-derived cells (panel B).  This was necessary, since not enough cells to perform the full experiment (both viability and western blot for day 1 and day 4 transfections, in six different conditions per transfection) with a single sample were able to be obtained. Nevertheless, the figure provides representative results obtainable with either control- or patient-derived cells.

Then, the effectiveness of siRNA transfection on target mRNA was assessed by evaluating protein expression. Results in Figure 4 show effective downregulation of EIF4EBP1, a translational regulator highly abundant in these cells, upon transfection with a specific siRNA at both day 1 (Figure 4A) and day 4 (Figure 4C). The same regulator also maintained expression under the various control conditions (i.e., untransfected, mock, scrambled siRNA, and EIF4EBP1 siRNA without transfection reagent: siR*). Quantification of western blot experiments for day 1 and day 4 transfection are shown in Figure 4B and Figure 4D, respectively. Additionally, expression levels of miR-146a-5p following transfection at day 1 or day 4 by RT-qPCR of HIV-derived cells were determined (Figure 4E). Cells transfected with miRNA mimic showed a 48- to 72-fold increase in miRNA expression over untransfected cells, while all transfection controls show no appreciable changes.   
	
FIGURE AND TABLE LEGENDS: 

Figure 1: Monocyte-derived macrophages are successfully polarized and activated towards M1 or M2 macrophage phenotypes. Flow cytometry analysis results of cells derived from one healthy control (A) and one HIV-derived cell sample (B) show levels of CD80, CD83, CD163, and CD209. The experiment was repeated with two additional controls and two additional HIV-positive samples with similar results. Cell population of interest was gated on the basis of forward and side scatter parameters, followed by doublet discrimination. (C) Bar graph showing CD80, CD83, CD163, and CD209 in M1 and M2 polarized cells. The graph represents the average data and standard deviations obtained from three control- (Ctrl) and three HIV-derived (Pts) sets of cells. 

Figure 2: Primary human CD14+ cells are efficiently transfected with miRNAs. (A) Flow cytometry analysis of primary monocytes derived from healthy controls, 24 h post-transfection, showing >90% transfection efficiency. (B) Representative confocal image taken 24 h post-transfection shows that all cells in the field express the miRNA conjugated with a near-infrared dye (in white). 

Figure 3: Viability of transfected cells. Graph bars represent average cell viability of two HIV+ patients (A) and two healthy controls (B) determined using a colorimetric assay, after transfection with miR-146a-5p or siRNA to EIF4EBP1 (siRNA) and the appropriate controls at day 1 (A) or day 4 (B), all tested at day 7. 

Figure 4: Efficient downregulation of protein levels upon siRNA/miRNA transfection post-isolation of CD14+ monocytes. Control and HIV-derived monocytes (1 x 106 cells) were transfected at day 1 (A) or day 4 (C) post-isolation using siRNA against EIF4EBP1 mRNA. Panels (B) and (D) represent quantification of EIF4EBP1 expression compared to GAPDH and is expressed as the percentage over mock for patient (Pt) or control (Ctrl) (A) or untransfected for patient or control (B). (E) Representative bar graph of two experiments showing miR-146a-5p expression in HIV-derived cells transfected at day 4 (bars 1–4) or day 1 (right bar) and harvested at day 7. The fold change is calculated over the untransfected sample (siR = siRNA). siR* or miR-145a-5p* indicate incubation of the cells with siRNA or miR-146a-5p without the transfection reagent. The experiment was repeated 2x with control-derived cells and produced essentially the same results (data not shown).

DISCUSSION: 
The presented protocol demonstrates the use of primary cells from HIV-infected subjects as a model for studying monocytes and macrophages. HIV+ patients undergoing cART live with infection for multiple years and can also have other co-infections related a compromised immune system. To study immunomodulation in the presence of HIV chronic infection, cells were harvested from patients directly. As miRNAs have been shown to play major roles in cell development and differentiation, the protocol focuses on the ability to manipulate miRNA expression in these primary cells (Figure 2, Figure 3, Figure 4). Using the same procedure, this protocol also works very well for siRNAs (Figure 3, Figure 4). Due to the potential phagocytic activity of mature macrophages, in addition to mock and scramble siRNA controls, a control is used (indicated as siR* or miR* in Figure 3 and Figure 4), in which the transfection reagent is omitted. Data confirm that the transfection reagent is required for proper siRNA/miRNA delivery into the cells, as without the reagent, cells do not spontaneously uptake the miRNA or siRNA, even when they are already differentiated into macrophages (day 4 after plating and polarization, Figure 3 and Figure 4).  

While using commercially available kits for isolation and transfection of human primary CD14+ monocytes, there are key steps optimized to make the procedure reproducible and successful. Specifically, 1) the number of cells plated is critical for their survival and differentiation, and 1 x 106 cells/35 mm dish was found to work best. 2) Freshly isolated CD14+ cells do not uniformly attach to the culture dish if seeded in the presence of FBS. As a consequence, when replacing the medium 4 h after transfection, all unattached cells will be removed, making plate-to-plate conditions highly variable. 3) It was found that replacing the medium 4 h following transfection, reduces toxicity due to transfecting reagents while not affecting the efficiency of transfection. 4) Transfection conditions were optimized to require less siRNA or miRNA (15 nM) than concentrations recommended by the manufacturer (25 nM). 5) Due to the highly adherent nature of the cells, adding lysis buffer directly to the plate greatly improves the concentration of proteins or RNA harvested. However, if it is necessary to remove cells from the plate (i.e., for flow cytometry analysis), it is best to use PBS with EDTA and gently scrape the cells.  This method reduces the number of collected cells by approximately 20%–30%, so it is important to plan experiments accordingly to obtain sufficient cell numbers for further analysis.

When followed correctly, this procedure demonstrates the obtaining of highly pure CD14+ population of monocytes, transfection of siRNAs and small RNAs such as miRNAs, culture conditions, and differentiation into M1 or M2 macrophages. This method may be applied to study complex diseases or infections other than HIV.
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