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[Abstract] The ability to enter monocyte-derived macrophage (MDM) in vitro is commonly used 

to define macrophage-tropic HIV-1 despite the fact that viruses vary continuously in their ability to 

enter MDMs in vitro, and MDMs vary in their ability to support HIV-1 entry (Joseph et al., 2014; 

Peters et al., 2006). This makes it difficult to distinguish viruses that are adapted to replicating in 

macrophage from those that are adapted to replicating in T cells.  We use the Affinofile cell line ( 

Johnston et al., 2009) to assay for macrophage tropism by capitalizing on the fact that 

macrophage-tropic HIV-1 has an enhanced ability to enter cells expressing low levels of CD4 

(Joseph et al., 2014; Peters et al., 2006; Duenas-Decamp et al., 2009; Dunfee et al., 2006; Gorry 

et al., 2002; Martin-Garcia et al., 2006; Peters et al., 2004) and Affinofile cells can be induced to 

express a wide range of CD4 densities (Johnston et al., 2009).  We induce Affinofile cells to 

express either high or low CD4, infect those cells with pseudotyped reporter virus, and quantify 

percent infectivity at low CD4 relative to infectivity at high CD4. Macrophage-tropic viruses have 

an enhanced ability to infect at low CD4. Using this approach we have found that macrophage-

tropic strains of HIV-1 are relatively rare and that most HIV-1 variants require high levels of CD4 

to enter cells, a phenotype we have referred to as R5 T cell-tropic. 

 

Materials and Reagents 
 

1. Affinofile cells (Johnston et al., 2009) 

2. Luciferase Assay System (Promega Corporation, catalog number: E1501) 

3. 5x Reporter Lysis Buffer (Promega Corporation, catalog number: E397A) 

4. PE-conjugated anti-CD4 antibody (clone RPA-T4) (BD, catalog number: 555347) 

5. PE-conjugated anti-CCR5 antibody (clone 2D7) (BD, catalog number: 555993) 

6. Aqua live/dead stain (Life Technologies, catalog number: L34957) 

7. Env-pseudotyped luciferase reporter virus stock (frozen and tittered) 

8. Blasticidin (Life Technologies, catalog number: A11139-03) 

9. FBS (Atlanta Biologicals, catalog number: S12850) 
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10. DMEM-H (Cellgro, catalog number: 10-013-CV) 

11. 10% Buffered Formalin (Thermo Fisher Scientific, catalog number: SF100)  

12. Poly-L-Lysine (Sigma-Aldrich, catalog number: P4707) (see Recipes) 

13. Ponasterone A (Life Technologies, catalog number: 45-0478) (see Recipes) 

14. Doxycycline (Sigma-Aldrich, catalog number: D9891) (see Recipes) 

15. DMEM-F10/B (see Recipes) 

16. 1x staining solution (see Recipes) 

17. Fixing solution (see Recipes) 

 
Equipment 
 

1. 96-well plate (sterile, black) (Corning, Costar®, catalog number: 3916) 

2. 24 well plate 

3. 37 °C, 5% CO2 cell culture incubator (BSL-2) 

4. Hemocytometer 

5. Light microscope 

6. PE-conjugated QuantiBRITE beads (BD, catalog number: 340495) 

7. Incubated plate centrifuge (BSL-2) 

8. Laminar flow biosafety cabinet (BSL-2) 

9. Plate-reading luminometer 

 
Procedure  
 
A. For high versus low CD4 comparison 

      Day 1 

1. Add 50 µl of diluted Poly-L-Lysine to sterile, black 96 well plates and incubate at 37 °C for 

20 min.  Remove Poly-L-Lysine. 

2. Treat Affinofile cells with trypsin-EDTA and harvest in DMEM-F10/B.  

3. Count cells and dilute to a concentration of 1.8 x 105 cells/ml in DMEM-F10/B. 

4. Plate 100 µl of cells/well in 96 well plates.  

5. Plate 0.75 ml of cells/well in 24 well plate for flow cytometry. Each well will be stained for 

flow cytometry. Plate enough cells to perform the necessary isotype and compensation 

controls. 

6. Incubate cells at 37 °C overnight. 

      Day 2 

1. Prepare media for high and low CD4 induction. 
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a. Dilute Doxycycline (Doxy) stock to 4x in DMEM-F10/B. A concentration of 24 ng/ml 

corresponds to 4x the concentration necessary for maximum CD4 induction. 

b. Dilute Ponasterone A (Pon A) stock to 4x in DMEM-F10/B. A concentration of 20 µM 

corresponds to 4x the concentration necessary for maximum CCR5 induction. 

c. Low CD4 induction medium (Low CD4/High CCR5): Mix equal volumes of 4x Pon A 

and DMEM-F10/B (=2x Pon A and 0x Doxy). 

d. High CD4 induction medium (High CD4/High CCR5): Mix equal volumes of 4x Pon A 

and 4x Doxy (=2x Pon A and 2x Doxy). 

2. Induce cells for infection. 

a. Remove 50 µl of medium from each well of the 96-well plate. 

b. For each virus being tested, add 50 µl of low CD4 induction medium to 3 wells (=1x 

Pon A and 0x Doxy) and 50 µl of High CD4 induction medium to 3 wells (=1x Pon A 

and 1x Doxy). 

c. Incubate cells at 37 °C. 

3. Induce cells for flow cytometry. 

a. Remove all medium from the 24 well plate, replace with 750 µl of warm DMEM-F10/B 

and 250 µl of either 4x Doxy or 4x Pon A (=1x desired amount of Pon A or Doxy).   

b. Incubate cells at 37 °C. 

      Day 3 

1. Infect cells 18-24 h after adding drugs (Pon A and Doxy). 

a. Remove induction medium from wells and immediately replace with 50 µl of warm 

DMEM-D10/B. 

b. Warm plate centrifuge to 37 °C. 

c. Thaw pseudovirus stock and dilute in DMEM-D10/B so that 50 µl of diluted virus 

produces a desired signal when titered on Affinofile cells expressing maximum CD4 

and CCR5. This is determined by pre-titering the virus to ensure the amount of virus 

added is within the linear dose-response curve for the readout (in this case 

luciferase) and many fold above the assay background. As an additional control, 

include a dilution curve of a high titer virus to ensure all signals are within the linear 

range. 

d. Add 50 µl of diluted virus to each well of a 96-well plate (3 High CD4 wells and 3 Low 

CD4 wells per virus). 

e. Centrifuge plates at 2,000 rpm (849 x g) for 2 h at 37 °C (spinoculation; O'Doherty et 

al., 2000). 

f.     Incubate cells at 37 °C for 48 h. 

2. Prepare cells for flow cytometry. 
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a. Remove medium from a well of a 24 well plate, then use 1 ml of cold PBS to harvest 

the cells from that well and store the cells in eppendorf tubes on ice until all wells are 

harvested. 

b. Centrifuge the harvested cells in a table top microcentrifuge at 4 °C at 2,600 rpm for 

10 min.   

c. While centrifuging, make staining solutions (Recipe 5)..    

d. Resuspend the cells in 50 µl of staining solution and stain at room temperature, in the 

dark, for 60 min. 

e.  Add, with gentle mixing, 1 ml of fresh fixing solution (Recipe 6). 

f.     Centrifuge in cold room at 2,600 rpm for 10 min, dispose of supernatant.  

g. Resuspend cells in 1 ml PBS.  

h. Centrifuge in cold room at 2,600 rpm for 10 min.   

i.     Resuspend cells in 300 µl PBS. 

j.     Store in the dark at 4 °C until ready to analyze. 

k. Analyze cells and QuantiBRITE beads using flow cytometer equipped with a 405 nm 

laser and a filter that measures emissions at approximately 526 nm and a 488 nm 

laser with a filter that measures emissions at approximately 578 nm. 

l.    Use Quantibrite beads, with their four known levels of PE, to determine the 

relationship between mean fluorescence and number of PE molecules (Figure 1). 

This relationship can be used to translate the PE fluorescence of stained cells into 

mean number of CD4 or CCR5 antibody binding sites (ABS) per cell. This method 

requires that cells be stained with saturating levels of antibody and assumes that 

each antibody is conjugated to a single PE molecule. 

 

 
Figure 1. QuantiBRITE beads are used to quantify the relationship between PE 
fluorescence and number of PE molecules attached to a bead/cell. A) QuantiBRITE 

beads are analyzed by flow cytometry to calculate the mean, log PE fluorescence of the 

four bead populations, each conjugated to a different, known number of PE molecules. B) 
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The relationship between log (PE molecules/bead) and log (log PE) is then determined. 

This relationship can then be used to translate the mean PE fluorescence of stained cells 

into the mean number of CD4 or CCR5 antibody binding sites (ABS) per cell. 

      Day 5 

1. Harvest infected cells 48 h after infection. 

a. Remove medium from wells. 

b. Gently rinse 2x with warm PBS, discard PBS after each wash. 

c. Add 50 µl of 1x Reporter Lysis Buffer and incubate at room temperature for 15 min. 

d. Seal plates with aluminum foil covers and freeze at -80 °C for at least 2 h. 

e. Thaw plates and Luciferase Assay System reagent at room temperature. 

f. Prepare Luciferase Assay reagents following the manufacturer’s protocol, and read 

plate using a plate-reading luminometer. 

g. Calculate percent infectivity at low CD4 relative to infectivity at high CD4 for each 

individual virus. 

 

B. For continuous CD4 comparison 

Macrophage-tropism can also be assessed by infecting Affinofile cells expressing a wide 

range of CD4 densities (Joseph et al., 2014). CD4 usage curves reveal that, relative to T cell-

tropic viruses, macrophage-tropic viruses are significantly better at infecting cells expressing 

low levels of CD4, reach 50% infectivity at lower CD4 levels (CD4 ED50) and often approach 

a plateau level of infectivity at a lower CD4 density (Figure 2; Joseph et al., 2014).  This 

procedure is identical to the ‘Procedure for High Versus Low CD4 Comparison’ (part A above) 

except that cells are induced to express 10 levels of CD4 and 30 wells of a 96-well plate are 

needed to test each virus (10 CD4 levels x 3 replicates per level). 

 

 
Figure 2. Dose-response curves for infectivity of a macrophage-tropic virus (Ba-L) and 
a T cell-tropic viruses (JRCSF) to Affinofile cells expressing various densities of CD4. 
The sensitivity of pseudotyped viruses to CD4 levels was assessed by measuring their ability 

to infect Affinofile cells expressing 10 CD4 levels (1,425, 4,590, 4,981, 9,374, 22,667, 33,842, 

46,204, 58,153, 69,897, and 81,649 CD4 ABS per cell), with CCR5 fully induced. In this 
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assay, the vast majority of blood-derived viruses have an infectivity profile similar to that of 

JRCSF (Ping et al., 2013). 

 

Day 2 

1. Prepare media for continuous CD4 comparison. 

a. Dilute Doxycycline stock to 24 ng/ml in DMEM-F10/B.  

b. Serially dilute Doxycycline to the following concentrations:  6, 4, 2.8, 2, 1.2, 0.8, 0.4, 

0.28 ng/ml. 

c. Dilute Ponasterone A stock to 20 µM in DMEM-F10/B.  

d. Induction medium (10 levels of Doxycycline and 1 high level of Pon A): Mix equal 

volumes of 4x Doxycycline and 4x Ponasterone A (Table 1). 

 

Table 1. Dilutions of Doxycycline and Ponasterone A to induce ten levels of CD4 
expression and a single, high level of CCR5 expression 

4x Doxycycline 

(ng/ml)  

4x Ponasterone A 

(µM)  

1x Final 

Doxycycline 

concentration  

1x Final 

Ponasterone A 

concentration  

24 20 6 5 

6 20 1.5 5 

4 20 1 5 

2.8 20 0.7 5 

2 20 0.5 5 

1.2 20 0.3 5 

0.8 20 0.2 5 

0.4 20 0.1 5 

0.28 20 0.07 5 

0 20 0 5 

 

2. Induce cells for infection.  

a. Remove 50 µl of media from each well of the 96-well plate. 

b. For each virus being tested, at each Doxycycline level, add 50 µl of each induction 

medium to 3 wells (10 induction levels x 3 replicates = 30 wells / virus). 

c. Incubate cells at 37 °C. 

3. Induce cells for flow cytometry 

a. Remove all medium from the 24 well plate, replace with 750 µl of warm DMEM-F10/B 

and 250 µl of either 4x Doxy or 4x Pon A (=1x desired amount of Pon A or Doxy).   

b. Incubate cells at 37 °C. 
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Days 3 and 5 are the same as described in ‘Procedure for High Versus Low CD4 

Comparison’ (part A above). 

 
Recipes 
 

1. Poly-L-Lysine (0.1 mg/ml)  

Diluted 10-1 in sterile PBS (10 µg/ml) and stored at 4 °C 

2. Ponasterone A  

Diluted in 50% ethanol to 1 mM and stored in 100 µl aliquots at -20 °C 

3. Doxycycline 

Diluted in sterile water to 10 mg/ml and frozen in 20 µl aliquots at -20 °C (do not freeze-

thaw) 

4. DMEM-F10/B 

 450 ml Cellgro DMEM-H  

 2.5 ml of blasticidin (final conc = 50 mg/ml, do not freeze/thaw blasticidin)   

 50 ml of dialyzed FBS (final = 10%) 

 Stored at 4 °C 

5. 1x staining solution 

3 µl of antibody (anti-CD4, anti-CCR5 or isotype controls) 

2 µl of aqua live/dead stain  

45 µl of PBS 

1% FBS 

6. Fixing solution  

200 µl of 10% formalin  

800 µl H2O 
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