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ABSTRACT OF THE THESIS

NOVEL ROLE OF MBL IN HIV-1 RELATED NEUROINFLAMMATION AND CNS
IMPAIRMENT IN METHAMPHETAMINE USERS

by

Brent Jacob Geffen

Master of Science in Biology

University of California, San Diego, 2013

Professor Kumud K. Singh, Chair

Methamphetamine (METH) is a highly addictive neurotoxic psychostimulant
abused commonly by individuals infected by human immunodeficiency virus (HIV).
METH enhances HIV-1 replication in vitro. HIV-1 infection and METH use cause
synergistic neuronal death and neurotoxicity via oxidative stress and inflammatory
immune response. Mannose binding lectin (MBL), an innate immune protein, binds HIV1 envelope protein gp120 and activates the complement pathway for HIV-1 opsonization
and phagocytosis. Dr. Singh’s lab has reported increased MBL expression in HIV

x

encephalitis (HIVE) suggesting MBL-mediated neuroinflammation. Our hypothesis is
that METH enhances lectin complement pathway (LCP) protein expression and
activation; which are associated with neuroinflammation and immune complex formation.
Additionally we hypothesize that this increased LCP activation is associated with methenhanced viral replication and increased expression of HIV co-receptors. Our results
show that METH significantly enhances MBL expression and LCP activation via MBLC3d deposition in HIV-infected brain. MBL expression was associated with viral proteins
p24 and gp120, and co-localized with HIV co-receptors CCR5 and CXCR4 with higher
expression in METH+ HIV+ compared to METH- HIV+ cases which also displayed
higher neuroinflammation as marked by increased MCP-1 expression.

xi

I:
INTRODUCTION

1

2
Human immunodeficiency virus (HIV) infection causes a sexually transmitted
disease that is endemic to the Americas, Asia, Australia and especially Africa. An
estimated 33.3 million people world-wide are currently infected with HIV (2001). It is
transmitted via bodily fluids such as blood and semen to primarily infect cells in the
human immune system, for example CD4+ T cells and cells of the macrophage lineage
including monocytes, microglia and dendritic cells (Potula and Persidsky 2008, Checkley,
Luttge et al. 2011). It is a single stranded retrovirus of the lentivirus family that makes
use of glycoproteins on the surface of its membrane to bind receptors (eg. CD4) and
coreceptors (eg., CXCR4, CCR5) on target cells, to initiate fusion and infection. Gp160 is
a HIV precursor protein cleaved by proteases to produce glycoproteins gp41 and gp120.
Gp120 is composed of five constant domains and five variable domains, with half its
mass accounted for by twenty and thirty-five N-linked glycans that help evade
immunodetection (Poignard, Saphire et al. 2001). It is found on the lipid bilayer that
encloses the HIV capsid and forms a heterotrimer with the transmembrane protein gp41
to recognize and fuse with target cells (Jacobs, Hartman et al. 2004). Upon binding CD4
molecules on target cells through constant domains C1, C2 and C3, gp120 undergoes a
conformational change to increase its affinity for chemokine coreceptors CCR5 or
CXCR4 on the target cell. This provides a stable attachment so that gp41 may penetrate
the target cell membrane and initiate fusion (Heaton, Marcotte et al. 2004). The ~350
amino acids that make up the gp41 glycoprotein form three domains: extracellular,
transmembrane and C-terminal. The fusion peptide and hydrophobic regions of the
extracellular domain carry out the fusion function. Once gp120 has bound CD4 and
coreceptors CCR5 and/or CXCR4, the conformation change exposes the fusion domain

of gp41 to the cell, penetrating it and forming a pore for fusion. After HIV has entered
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the cytosol, its viral RNA is reverse transcribed into DNA that is then transported across
the nuclear membrane to become integrated into the host genome.
White blood cells are critical to the function of the adaptive immune system. Two
major classes of white blood cells are B cells and T cells. T cells mature in the thalamus
and include CD8+ killer cells, which secrete cytotoxins to destroy infected cells that they
encounter and recognize to be compromised. CD4+ cells are another subclass of T cells
that are unable to directly kill infected cells, but play a vital role in fighting infection. By
recognizing pathogens –which have infected the body before – and activating other cells
such as B cells and macrophages for targeting and eliminating foreign particles, these
“helper” T cells are critical directors of cell-mediated immune response to viral infections.
Because the CD4 receptor on helper T cells is the main target of HIV glycoproteins, they
are very susceptible to infection. HIV leads to the destruction of CD4+ T cells by three
pathways: direct killing of infected cells, induction of apoptosis and activation of CD8
killer cell response. CD8+ cells respond to HIV proteins on the surface of infected CD4+
cells by secreting toxins that perforate the lipid bilayer to cause apoptosis and trigger the
caspase cascade, thereby initiating programmed cell death. Through these three pathways
mentioned, HIV infection leads to large-scale death of CD4+ cells, resulting in a systemic
deficiency of CD4+ T cells (Poignard, Saphire et al. 2001). When this deficiency falls
below a critical level (<14% of normal count), patients become susceptible to
opportunistic infections. This stage is termed acquired immune deficiency syndrome
(AIDS) (Sajadi, Constantine et al. 2009).

Attention to neurocognitive disorders has increased in recent years, especially in
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relation to infections from viruses such as human immunodeficiency virus (HIV). Since
the late 1990s, a number of antiretroviral drugs have increased the expected lifespan of
HIV patients from a few years to several decades through multifaceted approaches to
treatment, termed highly active antiretroviral therapy (HAART). Despite the success
these drugs have had in decreasing the number of deaths from HIV related diseases, viral
induced neurocognitive impairment remains a major issue (del Palacio, Alvarez et al.
2012). This is because the difficulty in crossing the blood brain barrier (BBB) has limited
the success of antiretroviral drugs in preventing disease progression into the central
nervous system (del Palacio, Alvarez et al. 2012).
Infection of the central nervous system is detected via microtiter assays for the
presence of antibodies to HIV. The appearance of HIV antibodies indicates the body has
recognized HIV and is attempting to fight it; this state is known as seroconversion.
Inflammatory damage from viral infection of the brain is known as acute viral
encephalitis, typically manifesting with meningitis, cerebral edema, congestion of cranial
blood vessels and hemorrhage (Speth, Dierich et al. 2005). Subsequent demyelination
resulting from oligodendrocyte destruction may be observed as well. Another disorder
not directly correlated with structural damage and inflammation in the brain is viralinduced encephalopathy (Antinori, Giancola et al. 2001). This affliction, leading to
impaired cognition brain function, is triggered by the presence of viral pathogens
(Louboutin, Agrawal et al. 2009). Viral-induced encephalopathy is characterized by
increased plasma concentrations of inflammatory cytokines Tumor Necrosis Factor

(TNF-α), interleukin-8 (IL-8), interleukin-2 (IL-2), interleukin-1 (IL-1) and monocyte
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chemo-attractant protein-1 (MCP-1) (Buttner 2011). Cytokines of the TNF family
mediate inflammation and apoptosis in many tissues of the body through a complex
integration of signals promoting apoptotic and anti-apoptotic pathways (Ramilo, SaezLlorens et al. 1990). TNF-α can also recruit components of the innate immune system
such as neutrophils, eosinophils and dendritic cells to a local infection. The interleukins
are a cytokine family secreted in various forms by a variety of cells in the body, and serve
to stimulate the maturation of B cells, T cells and astroglia. Abundance of IL-1 in the
hippocampus has been observed to lead to impaired learning, possibly because of damage
from overactive astroglia. IL-8 supports the maturation of neutrophils- cells involved
with inflammation- and can also recruit cells to the site of secretion (Ramilo, SaezLlorens et al. 1990). MCP-1 is capable of attracting monocytes to sites of tissue injury
and inflammation. The aforementioned cytokines are used widely as indicators of
inflammation and tissue damage in the brain because of their critical roles in these
pathways and the promotion of innate immune system response.
Viral-induced encephalitis can be observed as an increase in the number of
astroglia, or a large presence of microglia and multinucleate giant cells due to the
recruitment function of cytokines released during brain tissue damage. Clinically, viralinduced encephalopathy manifests with headaches, fever, as well as motor coordination
and cognitive deficits (Anderson, Zink et al. 2002).

HIV infection is highly prevalent among people who have sex for money,
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prisoners, men who have sex with men, intravenous drug users, and also
methamphetamine users (Shoptaw 2006, Silverstein, Shah et al. 2011).
Methamphetamine (METH) is a widely abused synthetic drug, with over 35
million users worldwide. Methamphetamine is an inexpensive, long lasting and illicit
drug that is also highly addictive. Commonly known as crank, speed, and ecstasy among
others, it acts to trigger a cascading release of dopamine to produce feelings of euphoria
alertness and libido. Long-term exposure to METH can result in hyperthermia, psychosis,
neural damage, and depression(Scott, Woods et al. 2007). The excess dopamine release
triggered by METH results in oxidation reactions; which form reactive oxygen species
(ROS). ROS can denature proteins, and cause the degradation of DNA and lipids. Within
the cell, ROS can damage organelles such as the rough endoplasmic reticulum and trigger
apoptosis. Broadly, METH toxicity has been seen to impair monoamine production and
compromise the dopaminergic system. Glial cells respond to the increased ROS presence
by remaining in a sustained activated state. This can cause the release of inflammatory
cytokines and ultimately astrogliosis, a condition of overactive astroglia that can result in
major damage and edema to the brain. METH is also known to cause disruption of the
blood brain barrier, including increased permeability of the limbic region. In vivo
experiments with METH-treated mice have shown that METH induces BBB leakiness
(Ramirez, Potula et al. 2009). This disruption is thought to be mediated by ROS produced
from dopamine metabolites, causing morphological changes in brain endothelium that
compromises tight junctions between cells (Krasnova and Cadet 2009).
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While investigations of the individual effects of HIV and METH on the CNS have
gained more attention in recent years, their co-morbid effects are not as well defined
(Reiner, Keblesh et al. 2009). Studies have shown that METH affects the dopamine 1
receptor (D1R) on macrophages to promote HIV proliferation (Ferris, Mactutus et al.
2008, Liang, Wang et al. 2008, Gaskill, Calderon et al. 2009). It has been documented
that METH treatment up-regulates expression of HIV co-receptors CCR5 and CXCR4,
thereby enhancing the infectivity of HIV in cells expressing these critical co-receptors
(Liang, Wang et al. 2008, Nair and Saiyed 2011). METH has also been seen to downregulate the expression of IFNα- a critical antiviral cytokine. IFNα signaling is a key
component of the innate response to viruses, and Liang and colleagues have shown that it
may partially account for the enhanced infection of HIV in the presence of METH, if
METH produces a favorable environment for HIV infection (Liang, Wang et al. 2008,
Purohit, Rapaka et al. 2011). This is supported by their finding that HIV reverse
transcriptase activity was increased after D1R receptor stimulation (Liang, Wang et al.
2008).
Oxidative stress induces inflammation and recruitment of monocytes across the
blood brain barrier. Brain endothelia are also affected by oxidative stress which weakens
their tight junctions and causes them to become more permeable to foreign materials such
as proteins and hormones (Ji, Gewurz et al. 2005). METH-caused oxidative stress may
co-opt the HIV seroconversion of the brain because monocytes are a major class of cells
infected with HIV, and oxidative damage in the brain could lead to the recruitment of
infected monocytes to the brain (Potula and Persidsky 2008, Conant, Venkatesan et al.

2009). Further, weakening of tight junctions at the BBB would ease the passage of
infected monocytes across it. In vivo experiments with SIV-infected rhesus macaques
have shown that METH increases viral load in the brain, and is correlated with a
significantly increased number of activated macrophages and natural killer cells
(Marcondes, Flynn et al. 2010).
Mannose binding lectin (MBL) is considered an acute phase protein as its
concentration in plasma changes in response to inflammation. MBL is secreted from
many cell types in the body, most notably in liver and astroglia in brain. It activates the
lectin complement pathway (LCP) and is an important link to the acquired immune
system (Kilpatrick 2002, Dunkelberger and Song 2010). Through the antibodyindependent lectin complement pathway, MBL is capable of strongly binding mannanenriched molecules and marking pathogens for the processes of phagocytosis and
destruction known as opsonization (Kilpatrick 2002).
MBL circulates with mannose-associated serine proteases (MASPs) until it
encounters carbohydrate patterns on pathogens. At this point, MASP cleaves plasma
complement proteins C2 and C4 to produce C2a, C4a and C4bC2a. C4bC2a works as a
C3 convertase, activating C3 to form C3b, which can bind microbial cell surfaces to aid
in opsonization by macrophages (Figure 1) (Kilpatrick 2002). Subsequent factors of the
lectin complement pathway, C5b, C6 C7 C8 and C9 assemble to form the membrane
attack complex, which can directly lyse invading pathogens (Figure 1).
The role of complement proteins in response to brain injury has been well
documented, and has been linked to various diseases in the CNS, including Alzheimer’s
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Disease and Multiple Sclerosis (Johnson, Lampert-Etchells et al. 1992, Rozovsky,
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Morgan et al. 1994, Shen, Li et al. 1997). All indicators point to an aberrant increase in
the presence of activated complement proteins inducing inflammation, cell death and the
recruitment of cells involved in immune response (Pasinetti, Johnson et al. 1992, Morgan,
Gasque et al. 1997). Neurons, glia and brain microvascular endothelial cells are all
known to express complement – and may be the source of the implicated complement
proteins (Griffiths, Gasque et al. 2009). However, a compromised blood brain barrier has
also been suggested to account for an influx of activated complement proteins as serum
levels of complement are significantly higher than levels in the brain, and a leaky BBB
could account for a profound increase in protein presence (Stahel, Morganti-Kossmann et
al. 1998).
MBL is capable of binding HIV through the highly glycosylated surface protein
gp120, as has been shown by Falangola and colleagues (Falangola, Castro-Filho et al.
1994, Stoiber, Kacani et al. 2001). The presence of N-linked glycans on gp120 is highly
conserved among HIV strains, and recent work by Wei et al. and others has shown that
HIV is capable of evading host antibodies primarily because of mutations within Nlinked glycans (Wei, Decker et al. 2003). Work by Hart et al. has shown that after
treatment with endoglycosidase-F1 to remove N-linked glycans from the surface of HIV
virions, MBL is no longer able to bind the virus effectively (Hart, Saifuddin et al. 2002).
This finding supports the hypothesis that carbohydrate-rich domains of MBL bind to HIV
through these highly conserved glycans (Ji, Gewurz et al. 2005).

An elevated presence of MBL and associated proteins of the lectin complement
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pathway has been observed in HIV encephalitis cases, and has been strongly associated
with monocyte chemo-attractant protein 1 (MCP-1), an accepted marker of
neuroinflammation (Singh, Nathamu et al. 2011). The complement system is also
involved in managing tissue damage after oxidative stress, especially via the lectin
complement pathway, with significant deposition of complement seen on hypoxic tissues
(Collard, Vakeva et al. 2000).
Although there is an abundance of research modeling the neurotoxicity and
pathology of HIV and METH in the brain, no previous work has examined the role of the
complement pathway in disease progression. Given that 10-15% of METH users are
HIV+, it is critical that we understand the innate immune response to HIV infection in the
brain in relation to METH use(Degenhardt, Mathers et al. 2010). This thesis will address
the role of MBL and more broadly the lectin complement pathway in disease progression,
using primarily confocal microscopy and western blotting to study frontal cortex brain
tissue from patients enrolled in a longitudinal study by the California NeuroAIDS Tissue
Network, whose tissues were collected by the HIV Neuroscience Research Center
(HNRC) at the University of California San Diego (UCSD). HIV negative (healthy)
patients will be compared with HIV+ patients with or without a history of METH use.
Confocal microscopy will be used to detect colocalization of LCP proteins MBL, MASP2 and C3d with HIV proteins gp120 and p24, as well as MCP-1, a cytokine marker of
inflammation. Western blotting will be used to determine the relative expression of MBL
in frontal cortex brain tissue for HIV patients with or without a history of METH use.

II:
MATERIALS AND METHODS

11

2.1 Characteristics of the post-mortem brain samples
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A total of 34 patients enrolled in a longitudinal study with the California
NeuroAIDS Tissue Network carried out at the UC San Diego HIV Neurobehavioral
Research center were chosen for this investigation. Most patients died as a result of acute
bronchopneumonia and/or septicemia and autopsy was performed within 24 to 36 hours
after death. Of the 34 selected for the present study, 18 had a history of
methamphetamine use (METH+), and another 16 had no history of methamphetamine use
(METH-). Patients diagnosed with HIV-related encephalitis at the time of autopsy were
excluded from this study. Of these 34 subjects, 28 were Whites, three were AfricanAmericans, two were Hispanics and one was Asian. 32 subjects were at some time on
retroviral therapy. Available neuropathological data was used to exclude cases with CNS
opportunistic infections or hypoxic brain injury at the time of death.
2.2.1 Immunofluorescence of frontal cortex brain tissue samples
Brain tissue samples were cut into 3mm3 thick sections with a sterile razor blade.
Samples were kept in formalin for at least 24 hours and sent to the UCSD Cancer Center
Histology Lab for paraffin block formation and tissue sectioning.
Paraffinized sections were incubated at 65oC for 1 hour, washed in Citrisolv
Clearing Agent (Catalog #22143975, Fisher Scientific) and rehydrated with ethanol in
decreasing concentration (50:50 Citrisolv and ethanol, 100% ethanol, 75%, 50%, 25%,
and phosphate buffered saline, PBS). Sections were then incubated in saponin-containing
permeabilization buffer (Catalog #PB001, Invitrogen) for 5 minutes at room temperature

and then washed for 15 minutes in PBS. This was followed by Heat-induced epitope
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retrieval in 10mM sodium citrate buffer, pH 6.0 (Catalog #AP9003-500, Thermo
Scientific). Samples were placed in a 650W microwave oven and heated for 10 minutes
and allowed to cool down to room temperature in citrate buffer. Sections were then
washed with PBS for 30 minutes and nonspecific interactions were blocked in 5% bovine
serum albumin (BSA) in sterile PBS for 1 hour at room temperature.
Primary antibodies used include: Rabbit polyclonal anti-MBL2 (Catalog
#HPA002027, Sigma-Aldrich), goat polyclonal anti-MASP2 (Catalog #SC17905, Santa
Cruz Biotechnologies Inc.), mouse monoclonal anti-MCP-1 (Catalog # ab9858, Abcam),
mouse monoclonal anti-MAP-2 (Catalog # SC74421, Santa Cruz Biotechnology Inc.),
mouse monoclonal anti-CD68 (Catalog # SC20060), goat polyclonal anti-HIV-1 gp-120
(Catalog # SC17459, Santa Cruz Biotechnology), mouse monoclonal anti-HIV-1 p24
(Catalog # ab9044, Abcam), mouse monoclonal anti-C3d (Catalog # ab17453, Abcam),
mouse monoclonal ant-CCR5 (Catalog # SC17833, Santa Cruz Biotechnologies), and
mouse monoclonal anti-CXCR4 (Catalog # SC12764, Santa Cruz Biotechnologies).
Primary antibodies were diluted 1:100 in sterile PBS with 1% BSA and incubated
overnight at 4oC. After washing 30 minutes with PBS, sections were incubated for one
hour with donkey anti-rabbit conjugate Alexa Fluor 488 (Catalog # A23206, Invitrogen),
donkey anti-mouse conjugate Alexa Fluor 568 (Catalog # A10037) and donkey anti-goat
647 (Catalog # A21447). All secondary antibodies were diluted 1:200 in PBS and
incubated for 1 hour in the dark at room temperature. Sections were then washed for 30
minutes in PBS, air-dried overnight and mounted with Prolong Gold anti-fade reagent

containing DAPI (4',6-diamidino-2-phenylindole) (Catalog # P36931, Invitrogen) and
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covered with a glass coverslip. Mounted slides were air dried for at least 48 hours before
confocal microscope analysis. For each experiment, control experiments were performed
with either igG antibody, serum, or primary or secondary antibody alone.
Careful measures were taken to avoid cross-reactivity and nonspecific binding of
antibodies. All analysis was performed with confocal microscopy (Olympus FV1000, UC
San Diego Neuroscience Microscopy Facility) to observe emission wavelengths of
fluorescent dyes. Fluorescent dyes used include DAPI (358nm excitation, 461nm
emission) for cell nuclei, Alexa Fluor 488 (496nm excitation, 519nm emission), Alexa
Fluor 568 (578nm excitation and 603nm emission), and Alexa Fluor 647 (650nm
excitation and 665nm emission). Fluorescent dyes were carefully chosen to have
significant gaps between emission wavelengths to rule out the possibility of crossreactivity or fluorescent interference. Secondary antibodies used were from a different
species (e.g., donkey) than primary antibodies (e.g., goat, mouse, rabbit, rat) to eliminate
the possibility of cross-reactivity between antibodies. Immunofluorescence-staining
experiments were repeated three times each to ensure reproducibility of results.
2.2.2 Confocal Microscopy
Immunostained sections were viewed with Olympus FV1000 Confocal
Microscope with appropriate excitation/emission filter pairing (403nm laser window 410483nm, 488 laser window 548-628nm, 647nm laser window 651-672nm). Images were
retrieved with the microscope in “sequential plane mode” with an average of 4 and
formatted for 1024 x 1024 pixels using X100 immersion lens. All images were exported

to Olympus FV1000 Viewer software Version 02.00 to generate all images shown.
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Immunofluorescence of cells positive for the selected markers were counted in five areas
of each section (four corner areas and one center area of a section, three slides per case).
Percent increase in cells positive for specific markers was calculated and P value was
determined using 2-tailed unpaired student’s t-test.
2.3 Detection of MBL in post-mortem brain tissue
Human brain tissue from the frontal cortex was homogenized with a Qiashredder
(Catalog # 79654, Qiagen) in 1% Triton X-100 buffer (Catalog # T8787, Sigma-Aldrich)
containing a dissolved Pierce Protease Inhibitor Tablet (Catalog#88661, Thermo
Scientific). Protein was quantified using Pierce BCA (bicinchoninic acid) Protein Assay
Kit (Catalog # 23227, Thermo Scientific). A total protein of either 30µg 60µg or 120µg
from each brain tissue was separated on 4% to 12% NuPAGE Bis-Tris Gel
electrophoresis (Catalog # NP0322BOX, Invitrogen) for 10 minutes at 90V and then 45
minutes at 200V. Separated gels were transferred onto nitrocellulose membranes via iBlot
Gel Transfer Device (Catalog # IB1001, Life Technology Corporation), and developed
with MBL antibody that was used for immunofluorescence experiments. For loading
control, a mouse monoclonal antibody against reference housekeeping gene β-actin was
used. The β-actin antibody was used to normalize band intensity via Image J software
(NIH, USA). Novex Sharp Prestained Protein Marker (Catalog # LC5800, Invitrogen)
and Magic Marc XP Western Blot Protein Standard (Catalog # LC5602, Invitrogen) were
used for estimating protein mass.
Primary antibodies used include mouse monoclonal anti-β-actin (Catalog # A2228,

Sigma-Aldrich) diluted 1:4000, and rabbit anti-MBL2 (Catalog # HPA002027, Sigma-
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Aldrich).
Secondary antibodies used include anti-mouse and anti-rabbit igG conjugated
alkaline phosphatase and were obtained from the WesternBreeze Chemiluminescent kit
(Catalog # WB7106, Life Technologies Corporation). Proteins were detected with the
CDP-Star Chemiluminescent substrate for alkaline phosphatase, provided in the kit.
Protein blots were captured using Kodak X-OMAT Blue film (Catalog # NEF5596,
Perkin Elmer).

III:
RESULTS
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3.1 MBL expression is increased in the frontal cortex of METH+ cases
Using antibodies against MBL and neuron marker MAP-2, I wanted to assess the
relative expression of MBL in post-mortem frontal cortex tissue of HIV+ patients with or
without a history of METH use. MBL displayed immunoreactivity localized to neurons in
both METH+ and METH- cases. This was determined by colocalization between MBL
and neuron marker MAP-2 (figure 5).
Compared to METH- cases, METH+ patients showed a 48% increase in
expression in the frontal cortex (p<0.05, unpaired t-test) (figure 6h)
3.2 MBL and MASP-2 immunoreactivity and colocalization in frontal cortex from
HIV-infected METH+ and METH- subjects
To determine if MASP-2 – the protease responsible for activating the LCP – was
present and associated with MBL, I prepared frontal cortex immunofluorescence samples
with antibodies against MBL and MASP-2 (figure 6).
MASP-2 was moderately expressed in METH- cases, and was found to have a
10% increased presence in METH+ tissue. The high degree of colocalzation in METH+
cases confirms an immunoreactive association between MBL and MASP-2 in the frontal
cortex (figure 6).
3.3 Increased expression and colocalization of gp120 and MBL in METH+ vs.
METH- HIV infected frontal cortex brain tissue

19

Previous studies have shown that MBL is capable of binding and interacting with
HIV protein gp120. Thus there lies the possibility that this interaction could lead to the
induction of the LCP cascade. To determine whether the brain-expressed MBL was
associated with gp120, antibodies against MBL and gp120 were used for sections of

frontal cortex tissue from HIV-infected patients with and without a history of METH use
(figure 7).
In METH+ cases, gp120 expression was increased by 23% (p<0.01) as compared
with METH- cases. Also of note, significantly more colocalization was observed in
METH+ cases with more puncta per cell (figure 7).
3.4 Increased expression of neuroinflammatory marker MCP-1 and association with
MBL in HIV-infected METH+ cases
To determine if MBL played a role in neuroinflammation in the frontal cortex, I
prepared frontal cortex tissue samples for immunofluorescence with antibodies against
MBL and MCP-1 (figure 8).
MCP-1 was found to have a 19% increase (p<0.02) in METH+ cases as compared
to METH- HIV+ cases. In addition, MCP-1 was found to have a high degree of
colocalization with MBL. The colocalized expression of MBL and MCP-1 not only
accounted for a greater percentage of cells in METH+ cases, but each cell showed a
significantly increased expression and colocalization of both markers (figure 8).
3.5 Increased C3d deposition and association with MBL in METH+ vs. METHHIV-infected brain tissue

The increased expression of LCP factors MBL and MASP-2, association with
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HIV proteins and increased neuroinflammation led me to determine if there was
increased complement activation in METH+ cases. To answer this question, frontal
cortex tissue samples from METH+ and METH- cases were prepared for
immunofluorescence with MBL and downstream activated complement protein c3d
(figure 9).
C3d was moderately expressed in HIV+ METH- cases, and was found to have a
33% increase in expression in samples from patients with a history of METH use.
Additionally, c3d was found to have a much higher degree of colocalization with MBL
(figure 9).
3.6 Increased microglial expression of essential HIV-protein p24 in METH+ vs.
METH- HIV-infected brain tissue
P24 is a critical protein product of HIV-1 replication as it forms the capsid around
the genome. As such, this highly conserved protein is often used as an indicator of active
HIV replication. To determine if p24 was associated with microglia – the primary celltype effected by HIV – in the frontal cortex, I prepared samples from HIV+ patients with
and without a history of METH use (METH+ and METH-, respectively) for
immunofluorescence with antibodies to p24 and microglial cell marker CD68 (figure 10).
P24 was found to have a 20% increase (p=0.056) in expression for samples from
METH+ as compared with METH- HIV-infected frontal cortex tissue, and was
colocalized with microglia (figure 10).

3.7 Expression of MBL-associated HIV co-receptors CCR5 and CXCR5 found

21

increased in METH+ vs. METH- HIV-infected brain tissue
HIV requires co-receptors to infect cells along with the primary CD4 receptor.
Gp120 primarily makes use of co-receptors CCR5 and CXCR4 to gain entry into cells.
To determine if the increased complement activity was associated with active gp120
bound to co-receptors, I prepared samples from HIV+ patients with and without a history
of METH use (METH+ and METH-, respectively) for immunofluorescence with
antibodies to gp120, MBL and a co-receptor marker: either CCR5 or CXCR4 (figure 11).
CCR5 – believed to be the favored co-receptor for gp120 binding – was found to
have a 23% increase in expression (p<0.01) for samples from METH+ as compared with
METH- HIV-infected frontal cortex tissue. CXCR4 was found to have a 60% (p<0.01)
increase in expression for METH+ cases. Both co-receptor markers displayed increased
co-localization with MBL in METH+ cases, and were also found to have a significant
colocalization with gp120 (figure 11).
3.8 Increased expression of MBL expression detected via western blot in
METH+ vs. METH- HIV-infected post-mortem frontal cortex tissue
MBL is widely considered to be more biologically active when highly
oligomerized. To determine the relative expression and proportion of monomer, dimer
and trimer forms of MBL in frontal cortex tissue from METH+ cases, I homogenized
frontal cortex tissue from HIV+ patients with and without a history of METH use in 1%
triton buffer, and centrifuged total tissue lysates at 12000rpm for 10 minutes at 4oC.

Supernatant was measured for protein concentration and loaded in quantities of 30µg
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60µg or 120µg onto an SDS-PAGE gel for western blotting. After transferring to a
nitrocellulose membrane and incubating with antibodies against MBL, the relative
protein concentration was determined (figure 12).
Using Image J software from the NIH website, (http://rsb.info.nih.gov/ij/) for
quantification of protein expression, MBL was found to have an overall 2.5-fold higher
expression (p<0.001) in frontal cortex tissue from METH+ as compared with METHHIV-infected cases. Additionally, there was a strong presence of immunoreactivity to
MBL monomer at 32kDa for METH+. But MBL monomer was virtually absent for
METH- cases (figure 12).

IV:
DISCUSSION
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MBL is an acute-phase protein that is an important link to the acquired immune
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system (figure 1). It is secreted from many different cell types in the body, and is capable
of strongly binding mannan-enriched molecules, marking pathogens for opsonization and
phagocytosis(Worthley, Bardy et al. 2005). In this way it shares some characteristics with
antibodies yet activates an antibody-independent complement pathway to mount an
immune response to pathogens. Circulating with mannose-associated serine proteases,
MBL will bind to oligomerized sugars on the surfaces of bacteria or viruses, and
thereupon activate the LCP via MASP-2 cleavage of complement proteins. Complement
activation results in inflammation, recruitment of phagocytes and lysis of cells and
pathogens (figure 2, 3) (Dunkelberger and Song 2010).
Lectin complement factors are expressed in the major cell types of the brain, and
as such MBL plays a role in the response to pathogens in the CNS (Griffiths, Gasque et al.
2009). Though complement in the CNS is expressed at a low level in comparison to
serum levels, complement has been implicated in contributing to multiple
neurodegenerative diseases such as multiple scleroses, Alzheimer’s disease, and
autoimmune diseases (Stahel, Morganti-Kossmann et al. 1998). Through over-activation
of complement factors, immune complex deposition in the brain could lead to
inflammation, astrogliosis and damage to the blood-brain barrier.
MBL has been shown to interact with HIV-1 glycoprotein gp120 with its
carbohydrate-recognition domain (Ji, Gewurz et al. 2005). Binding to gp120 could cause
associated MASPs to cleave complement factors and activate the LCP (figure 4). This
may result in the production of activated complement factors such as anaphylatoxins c3a

and c5a, which act as chemokines that are capable of inducing inflammation and
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recruiting microglia and astrocytes. C3a and c5a can also bind to receptors on monocytes,
recruiting them across the BBB. With it being the case that monocyte-derived
macrophages are the primary cell type susceptible to HIV infection, chemotaxis from
complement factors responding to stressors (such as odixative stress or pathogens) in the
brain could recruit infected monocytes across the BBB (Collard, Vakeva et al. 2000).
Thus infection is spread, inflammation is initiated, and the BBB may become
compromised from increased chemotaxis of monocytes (figure 4).
METH use has been seen to exacerbate complications from HIV infection, such
as oxidative stress and inflammation. METH presents an environmental stress to the brain
by producing ROS as metabolites, stressing dopaminergic neurons, and vastly increasing
synaptic levels of dopamine (Degenhardt, Mathers et al. 2010). Dopamine is metabolized
into ROS as well, and has been shown to act on D1R and D2R receptors of microglia,
possibly leading to dysregulation of inflammatory chemokines. Dopamine signaling in
microglia infected with HIV has been observed to increase the expression of HIV
proteins tat and gp120, both of which have neurotoxic effects and can impair dopamine
transporter- the presynaptic transporter responsible for uptake of dopamine from the
synapse, which is also impaired by METH (Ferris, Mactutus et al. 2008, Louboutin,
Agrawal et al. 2009).
The individual effects of HIV and METH in the central nervous system have been
well characterized, and due to the high percentage of HIV+ individuals who are METH
users, the comorbidity of both of these conditions together has been getting increasing

attention. However, there is little understanding as to the role of the lectin complement
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pathway in the neuroinflammation caused by HIV and METH use.
The goal of this present study was to address this void by investigating the role of
the lectin complement pathway – and more specifically MBL – in METH-induced
neuroinflammation in HIV-1 infected individuals. My hypothesis was that METH would
enhance LCP protein expression and activation; which are associated with
neuroinflammation and immune complex formation. Additionally, I hypothesized that the
increase in LCP activation was mediated by METH-enhanced viral replication and
increased expression of HIV co-receptors.
In this work I have analyzed post-mortem brain tissue samples from HIV+
patients with or without a history of METH use. I have shown through tissue
immunofluorescence that METH+ cases had a 48% higher level of MBL expression, and
was found colocalized with MASP-2, which showed a 10% increase in expression (figure
5, 6). This suggests that both key components for initiating the LCP are not only present
in the frontal cortex, but have an increased expression in this locale. MBL colocalization
with MCP-1 – a marker for neuroinflammation that was found with a 19% increase in
expression in METH+ tissues – shows that MBL-mediated LCP activation is associated
with increased neuroinflammation (figure 8). Furthermore, MBL was shown to be colocalized with neuron marker MAP-2, suggesting that complement activity is occurring in
the presence of neurons, and may possibly have a deleterious effect on neurons (Figure 5).
HIV protein gp120 was found to have a 23% increased expression in METH+
cases, and was colocalized with MBL (figure 7). This finding suggests an interaction
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between gp120 and MBL in the frontal cortex, and possibly activation of the LCP. This
interaction and subsequent activation of complement may be an important factor in the
development of neuroinflammation during HIV infection of the CNS (figure 4).
Downstream complement protein c3d was found to have a 33% increase in

deposition in the frontal cortex of METH+ HIV-infected cases, as compared with METHHIV-infected cases (figure 9). C3d is produced in the activated complement cascade, and
enhances immune response to antigens that it binds (figure 4). The increased deposition
shown here suggests METH use enhances LCP activity, promoting LCP-mediated
inflammatory response.
HIV capsid protein p24 is used as a marker for active viral replication, and was
found to have a 20% increase in expression in the frontal cortex of METH+ cases, and
was colocalized with microglial cell marker CD68, suggesting active viral replication in
microglia (figure 10). This finding is consistent with work from other studies which have
shown that METH enhances HIV replication (Liang et.al. 2008).
HIV primarily infects cells through the CD4 receptor, however it requires coreceptors to gain entry. Two of the most prevalent co-receptors used include CCR5 and
CXCR4, which gp120 binds to in order to facilitate entry of the virus into the cell
(Poignard et al. 2001). In the present study, co-receptors CCR5 and CXCR4 were found
to have a 23% and 60% increase in expression, respectively (figure 11,12). In previous
studies, METH has been shown to upregulate expression of these co-receptors, and this
data is consistent with those findings (Nair et al. 2011, Liang et al. 2008). Importantly,

gp120 was found colocalized with these co-receptors, as was MBL (figure 11,12). This
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suggests MBL is interacting with HIV protein gp120 at its primary site for infection.
Higher expression of MBL seen via immunofluorescence was confirmed with
western blotting of post-mortem frontal cortex tissue samples from the same cases of
METH+ or METH- patients infected with HIV (figure 14). These experiments showed a
2.5-fold increase in the expression of MBL in METH+ tissue as compared with METH-.
Furthermore, there was a marked increase in MBL trimer, dimer as well as monomer for
METH+ cases. Virtually no MBL monomer was detected in the METH- cases. MBL
trimer is considered the more biologically active form of MBL. The increased expression
of MBL monomer suggests that METH is either associated with the assembly of MBL
trimer, or is possibly associated with degradation of MBL homotrimers.
This study had several drawbacks, one of which was limited background on
individual’s extent of METH usage. As an endpoint study using postmortem brain tissue,
it is difficult to conclude if patients had a similar history of METH use, specifically
frequency, duration and quantity. It is also unclear for how long patients in the study
were HIV+ before becoming enrolled, as there may be some discrepancy in disease stage
between these individuals. Further, this cohort was limited in sample size, and restricted
almost exclusively to middle-aged white males. Future studies should seek to include a
larger number of subjects so age, race and gender can be evaluated as risk factors for
particular pathology of disease.
In summary, MBL was found to have an increased expression in METH+ frontal
cortex tissue samples. The data suggest increased MBL-gp120-mediated lectin

complement pathway activation and immune complex deposition resulting in
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inflammation in the frontal cortex of METH+ individuals infected with HIV-1 (Figure
15).
Future work should expand on this association between LCP activation and
inflammation due to co-morbidity of HIV and METH, as questions that remain to be
answered include whether complement proteins involved in the inflammation are brainderived or are a result of a compromised BBB, and what effect METH has on the
expression/synthesis of MBL and formation of homotrimers.

V:
FIGURES AND TABLES
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Table 1: Demographics of patient population (N=39). Comparison between METH- and
METH+ subjects across race, gender, age, and history of antiretroviral therapy (ARV)
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Figure 1: Flowchart showing path and pathology of HIV entry into the CNS
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Figure 2: Schematic of MBL gene, protein structure and homotetramer
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Figure 3: Lectin Complement Pathway activates immune response via inflammation,
recruitment of phagocytes and direct lysis of pathogens

complement pathway for HIV-1 opsonization and phagocytosis

Figure 4: Mannose binding lectin binds HIV-1 envelope glycoprotein gp120 and activates the
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Figure 5a-f: MBL is colocalized with neurons in the frontal cortex. Distribution and
co-localization (yellow) of MBL (green) with neuron marker MAP-2 (red) using
immunofluorescence and confocal microscopy at 120µm scaling and magnified 100×.
Panels A,B, and C show immunofluorescence in HIV+ patients with a history of METH
use, and panels D, E, and F for HIV+ patients without a history of METH use. Primary
antibodies were detected with Alexa Fluor dye-conjugated secondary antibodies. Blue
fluorescence represents DAPI nuclear stain, to ensure that we detect and analyze intact
nuclei only.
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Figure 6a-h: Increased expression of MBL and MASP2. Distribution and colocalization (white) of MBL (green) with MASP-2 (magenta) using immunofluorescence
and confocal microscopy at 120µm scaling and magnified 100×. Panels A,B, and C
show immunofluorescence in HIV+ patients with a history of METH use, and panels D,
E, and F for HIV+ patients without a history of METH use. Primary antibodies were
detected with Alexa Fluor dye-conjugated secondary antibodies. Blue fluorescence
represents DAPI nuclear stain, to ensure that we detect and analyze intact nuclei only.
G&H: Mean (±SDEV) proportion of cells (+) for MBL (p<0.05) or gp120 for METH+
and METH- cases.
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Figure 7a-g Increased expression of MBL and gp120 in METH+ vs. METH- HIVinfected brain tissue. Distribution and co-localization (yellow) of MBL (green) with
HIV glycoprotein gp-120 (magenta) using immunofluorescence and confocal microscopy
at 120µm scaling and magnified 100×. Panels A,B, and C show immunofluorescence in
HIV+ patients with a history of METH use, and panels D, E, and F for HIV+ patients
without a history of METH use. G: Mean (±SDEV) proportion of cells (+) for gp120 for
METH+ and METH- cases (p<0.01).Primary antibodies were detected with Alexa Fluor
dye-conjugated secondary antibodies. Blue fluorescence represents DAPI nuclear stain,
to ensure that we detect and analyze intact nuclei only.
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Figure 8a-g: Higher MBL association with neuroinflammatory marker MCP-1 in
frontal cortex from HIV-infected METH+ vs. METH- Subjects. Distribution and colocalization (yellow) of MBL (green) with neuroinflammation marker MCP-1 (red) using
immunofluorescence and confocal microscopy at 120µm scaling and magnified 100×.
Panels A,B, and C show immunofluorescence in HIV+ patients with a history of METH
use, and panels D, E, and F for HIV+ patients without a history of METH use. G: Mean
(±SDEV) proportion of cells (+) for MCP-1 for METH+ and METH- cases (p<0.02).
Primary antibodies were detected with Alexa Fluor dye-conjugated secondary antibodies.
Blue fluorescence represents DAPI nuclear stain, to ensure that we detect and analyze
intact nuclei only.
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Figure 9a-g: Increased MBL & C3d immune complex deposition in METH+ vs.
METH- HIV-infected brain tissue. Distribution and co-localization (yellow) of MBL
(green) with activated complement protein c3d (red) using immunofluorescence and
confocal microscopy at 120µm scaling and magnified 100×. Panels A,B, and C show
immunofluorescence in HIV+ patients with a history of METH use, and panels D, E, and
F for HIV+ patients without a history of METH use. G: Mean (±SDEV) proportion of
cells (+) for C3d for METH+ and METH- cases (p<0.01).Primary antibodies were
detected with Alexa Fluor dye-conjugated secondary antibodies. Blue fluorescence
represents DAPI nuclear stain, to ensure that we detect and analyze intact nuclei only.

41

a

b

c

d

e

f

g

Figure 10a-g: Increased microglial expression of HIV-replication product p24 in METH+
vs. METH- HIV infected brain tissue. Distribution and co-localization (yellow) of HIV
capsid protein p24 (green) with microglia cell marker (red) using immunofluorescence and
confocal microscopy at 120µm scaling and magnified 100×. Panels A,B, and C show
immunofluorescence in HIV+ patients with a history of METH use, and panels D, E, and F for
HIV+ patients without a history of METH use. G: Mean (±SDEV) proportion of cells (+) for
p24 for METH+ and METH- cases (p=0.056).Primary antibodies were detected with Alexa
Fluor dye-conjugated secondary antibodies. Blue fluorescence represents DAPI nuclear stain,
to ensure that we detect and analyze intact nuclei only.
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Figure 11a-i: Expression
i of MBL-associated HIV co-receptor CCR5 is increased
in METH+ vs. METH- HIV-infected brain tissue. Distribution and co-localization
(white) of MBL (green) with co-receptor CCR5 (red) and HIV glycoprotein gp-120
(magenta) using immunofluorescence and confocal microscopy at 120µm scaling and
magnified 100×. Panels A,B, C, and G show immunofluorescence in HIV+ patients
with a history of METH use, and panels D, E, F, and H for HIV+ patients without a
history of METH use. Panels G and H Show merged images of all markers for
METH+ and METH- cases, respectively..
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Figure 11continued, I: Mean (±SDEV) proportion of cells (+) for CCR5 for METH+
and METH- cases (p<0.01).Primary antibodies were detected with Alexa Fluor dyeconjugated secondary antibodies. Blue fluorescence represents DAPI nuclear stain,
to ensure that we detect and analyze intact nuclei only.
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Figure 12a-i Expression of MBL-associated HIV co-receptor CXCR4 is increased in
METH+ vs. METH- HIV-infected brain tissue. Distribution and co-localization (white)
of MBL (green) with co-receptor CXCR4 (red) and HIV glycoprotein gp-120 (magenta)
using immunofluorescence and confocal microscopy at 120µm scaling and magnified
g A,B, C, and G show immunofluorescence
100×. Panels
h in HIV+ patients with a history of
d
METH use, and panels D, E, F, and H for HIV+ patients without a history of METH use.
Panels G and H Show merged images of all markers for METH+ and METH- cases,
respectively. I: Mean (±SDEV) proportion of cells (+) for CXCR4 for METH+ and
METH- cases (p<0.01).Primary antibodies were detected with Alexa Fluor dye-conjugated
secondary antibodies. Blue fluorescence represents DAPI nuclear stain, to ensure that we
detect and analyze intact nuclei only.
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Figure 12 continued, I: Mean (±SDEV) proportion of cells (+) for CXCR4 for METH+
and METH- cases (p<0.01).Primary antibodies were detected with Alexa Fluor dyeconjugated secondary antibodies. Blue fluorescence represents DAPI nuclear stain, to
ensure that we detect and analyze intact nuclei only.

Figure 13: Summary of Immunofluorescence data. Percent of cells positive for
each marker compared between frontal cortex tissue from HIV+ patients with a
history of METH use and HIV+ patients without a history of meth use
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Figure 14a-c: 2.5 Folds higher MBL expression in brain frontal cortex from HIVinfected METH+ vs. METH- subjects. A, Western blot with antibodies against MBL2. 30µg, 60µg or 120µg samples loaded are homogenized brain tissue from the frontal
cortex of patients with or without a history of METH use. B, Summary of western blot
findings shown as a fold increase of total MBL expression in frontal cortex tissue from
HIV-infected cases with or without a history of METH use. C, Summary of western blot
findings shown as a fold increase of MBL monomer, dimer or trimer expression in
frontal cortex tissue from HIV-infected cases with or without a history of METH use.

Figure 15: Flowchart showing the Role of the Lectin Complement Pathway in METH- Related HAND
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