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Short Abstract
In this study monocyte transmigration technique was employed to assess in vivo cocaine-mediated breach of BBB  leading to increased influx of monocytes into the CNS.
Long Abstract

Human immunodeficiency virus type one (HIV-1) associated neurocognitive disorders (HAND) remain a common complication of viral infection despite the advent of antiretroviral therapies (ART). One contributing factor is the use of illicit drugs including, but not limited to, cocaine. The mechanism by which cocaine augments HAND has been the subject of intense research
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. One possibility rests in the idea that the drug can “open” the blood brain barrier (BBB) which, in turn, can facilitate transmigration of blood-borne inflammatory monocytes into the brain
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. While considerable efforts have been made to best understand the cellular and molecular mechanisms underlying the effects of cocaine on pro-inflammatory factor secretion and BBB function
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, there exists a paucity on the mechanisms by which cocaine influences chemokine secretion and cell migration into and within the CNS. 

 Common neuropathologic correlates for HAND include BBB disruption, glial activation, neuroinflammation (pro-inflammatory factors and chemokines),  and neuronal aberrations. The key factor mediating monocyte-macrophage transmigration across the BBB is the CC chemokine, monocyte chemoattractant protein-1 (MCP-1/CCL2)
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, that mediates its effects by binding to its cognate receptor CCR27
. Moreover, the best correlate for cognitive impairment remains the numbers of immune competent brain mononuclear phagocytes. Exploration of mechanisms that modulate influx of inflammatory cells in the  brain is thus of paramount importance to best understand the disease processes. 
         Despite extensive ongoing research in the area of HIV-associated complications of the CNS, the mechanism(s) of HIV-1 entry into the CNS leading to the development of neurological complications remain poorly understood, especially how cocaine accelerates the progress of HIV-1 infection and how cocaine causes HIV-infected monocyte transmigration into the CNS. Using the rodent model wherein the labeled monocytes are injected into the tail vein, we assessed cocaine-mediated in vivo breach of BBB leading to increased influx of monocytes into the CNS. This technique has ramifications in exploring mechanisms of exacerbated monocyte transmigration in the context of HIV-associated neurological disorders (HAND).


Protocol

1. Isolation of Bone Marrow-derived monocytes (BMMs)
1) Use groups (n=6) of four-five week old male C57BL/6 mice (Charles River Laboratory, Wilmington, MA) as well as the CCR2 knockout mice (Taconic lab), that have been backcrossed 10 generations into a C57BL/6N inbred background as donors for BMMs. 

2) Deeply anesthetize the mice by an overdose of isoflurane. Aseptically remove the femur bone and place in a petri dish in a hood. Flush the inner cavity of the femur bone several times with a 10ml syringe filled with ice-cold PBS to collect the bone marrow cells.  Add 5ml of ACK lysing buffer (Invitrogen, Carlsbad, CA) to lyse the red cells. After 5 mins of incubation, add 20 ml of ice-cold PBS to the lysed cells and centrifuge in the cold (1000rpm for 5min) to collect the cell pellet.
3) Subsequently, suspend the cells in DMEM medium and filter through a BD falcon cell strainer (75µm).  Centrifuge 1000rpm for 5 min. 

4) Resuspend cell pellets in DMEM supplemented with 1000 U/ml macrophage colony stimulating factor (MCSF) in Teflon tubes for 10 days. 

5) Verify that cultured BMMs are 98% CD11b positive by flow cytometry. For tracking experiments, label cells with the membrane dye PKH26 according to the manufacturer's instructions (Sigma-Aldrich, St. Louis, MO). 

2. Cocaine Administration:  
1)  Assay of monocyte transmigration into the brain are performed in C57BL/6 mice as well as CCR2 KO mice. 
2) Divide animals in to 3 groups (n=6): a) Saline, b) Cocaine, and c) Sigma antagonist (BD1047) plus cocaine. Inject cocaine and BD1047 intraperitoneally (i.p) at a dose of 20mg/kg once daily. In the BD1047 plus cocaine group, BD1047 injection precedes cocaine injection by two days followed by cocaine injections daily for additional 7 days. 
3. In vivo monocyte transmigration assay

1) Twenty four hours following the last cocaine injection, inject animals with PKH 26-labeled BMMs at a concentration at 107/100μl through tail vein. The following is the detailed procedure for tail vein injection:

a) Set up a restraining device - plunger restrainer.  

b) Using a 1ml syringe with a very small diameter needle (28 gauge), fill it with the desired amount of the cell volume (200µl) to be injected. Remove air bubbles from the syringe and needle (this step is very critical and extra caution needs to be exercised to ensure that no air bubbles are injected into the animal, which can adversely lead to the death of the animal)  
c) Remove the mouse from the cage holding the animal by its tail and place it, head first into the barrel of the restrainer while positioning the tail through the slit in the barrel. 

d) Locate one of the two lateral veins on the tail. Hold the tail with the thumb and first finger, curling the end of the tail slightly over the finger. Wipe the tail with an alcohol swab.
e)  Line up the needle (bevel side up) exactly in line with the tail vein. 

f)  Following insertion of the needle into the tail vein one can observe the tip of the needle inside the vein. However, unless practiced the needle will make its way outside the vein and the process will then have to be repeated. 

2) Twenty four hours following cell infusion, sacrifice animals by an overdose of isoflurane and perform a transcardial perfusion using saline to remove residual labeled cells from tissue blood vessels. 
3) Remove brain tissue and freeze at -80°C until cryosection. Sectioning of the tissue is done sequentially from rostral to the caudal regions of the brain. 
4) Mount the coronal tissue sections on polylysine-coated glass slides and code numerically.  Have stereological counts performed by experimenters blinded to the experimental condition. Section the brain at 40µm, and space every sixth section 240µm apart throughout the entire rostral/caudal extent of the hippocampus (Brain co-ordinates: Bregma 1.94 mm to Bregma 0.14 mm) to assess the number of PKH-26 labeled monocytes. 

5) Acquire fluorescent images at room temperature on a Zeiss Observer. A Z1 inverted microscope with a 40X/0.3 oil objective to assess monocyte transmigration. Process images using AxioVs 40 Version 4.8.0.0 software (Carl Zeiss MicroImaging GmbH) and acquire photographs using an AxioCam MRm digital camera.

6) Count labeled perivascular (around the blood vessels) and parenchymal (within the brain) macrophages in the entire area of three coronal brain sections: 1.94, 1.34 and 0.14 mm to bregma; co-ordinates determined from the Franklin and Paxinons Atlas (1997).  Multiply the number of PKH26 positive cells by 6 to obtain the total number of cells per animal.
4. Animal Housing
C57BL/6N wild type (WT) mice were purchased from Charles River Laboratories. CCR2 knockout (KO) mice obtained from Taconic labs have been backcrossed 10 generations into a C57BL/6N inbred background. All the animals are housed under conditions of constant temperature and humidity on a 12-h light, 12-h dark cycle, with lights on at 0700 h. Food and water are available ad libitum. All animal procedures are performed according to the protocols approved by the Institutional Animal Care and Use Committee of the University of Nebraska Medical Center. 
5. Representative Results

1) BMM isolation and cultivation. BMMs cultured from male C57BL/6 donor mice were dissociated into single-cell suspensions, and cultured in medium supplemented with 1000 U/ml M-CSF (Wyeth). Cultured BMMs were found to be 98% CD11b positive when assessed by flow cytometric analysis (BD Biosciences). For tracking experiments, cells were labeled with the membrane dye PKH26 according to the manufacturer's instructions and the efficiency of cellular labeling (routinely 100%) was examined using a fluorescence microscope (ZEISS, AX10) as shown in Fig.1. 
2) Role of MCP-1 in cocaine-mediated monocyte transmigration in vivo
Following treatment with cocaine, WT mice demonstrated increased influx of PKH26-labeled monocytes in the perivascular cuff (Fig. 2A- see white arrows in the right panel) as well as in the brain parenchyma (Fig 2A- see white arrows in the left panel) using fluorescence micrography. Saline-treated mice on the other hand, demonstrated fewer labeled cells in both areas of the brain (Fig. 2B). Quantification of these findings along with the results of the BD1047 plus cocaine treated group is represented in Fig. 2B. To further validate the role of CCL2 in mediating chemotaxis, we used the CCR2 KO mice treated with cocaine to monitor the leakiness and thus, the influx of monocytes in this model. As shown in Fig. 2C, there was increased monocyte transmigration in the cocaine treated WT mice but not in the CCR2 KO group.
Figure legends

Fig.1. BMMs labeled with PKH26. Scale bar indicate 20μm.
Fig.2. Cocaine-mediated induction of microglial MCP-1 enhances monocyte transmigration in vivo. Scale bar indicate 10μm.

Fig. 3.  Overall schematic of BMM isolation, labeling and infusion in the tail vein.

Discussion

There is mounting evidence that during the progression of HAND, HIV-infected monocytes elicit a barrage of cytokines/chemokines and HIV protein products, both of which act in concert to compromise the BBB integrity
 ADDIN EN.CITE 
8, 9

 HYPERLINK  \l "_ENREF_1" \o "Ricardo-Dukelow, 2007 #1" 



 HYPERLINK  \l "_ENREF_2" \o "Ubogu, 2006 #2" 


. HIV proteins Tat and gp120 have both been shown to damage endothelial cells, thereby compromising their integrity leading to increased migration of HIV-infected cells into the brain
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. In this study we used in vivo monocyte transmigration to demonstrate enhanced influx of these cells in the brains of mice treated with cocaine, particularly in the areas around the blood vessels as well as in the parenchyma. Fig 3 outlines detailed steps involved in the process of BMM isolation, their labeling in vitro and tail vein injection. In order to further validate these studies, an alternative procedure involving the use of radioactively labeled 111-In-monocytes can also be used. This technique has ramifications in exploring mechanisms of exacerbated monocyte transmigration in the context of HAND.
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	PKH-26
	Sigma-Aldrich
	PKH26GL
	

	cocaine
	Sigma-Aldrich
	C5776
	

	BD1047
	Sigma-Aldrich
	B8562
	

	ACK lysis buffer
	Invitorgen
	A1049201
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