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Abstract: Mannose binding lectin (MBL) activates complement pathway that leads to  pathogen 

opsonization and phagocytosis. MBL deficiency is linked to HIV transmission and disease 

 progression. We sought to determine the role of MBL in HIV encephalitis (HIVE) by evaluat-

ing its presence and distribution in the HIV-1-infected brain and by assessing its association 

with monocyte chemoattractant protein-1 (MCP-1) expression. This retrospective study utilized 

archived post-mortem brain tissues obtained from 35 individuals enrolled in a longitudinal study 

as part of the California NeuroAIDS Tissue Network. MBL, MCP-1 and brain cell markers in 

post-mortem brain tissues with or without HIVE were evaluated using immunocytochemistry, 

immunofluorescence, confocal microscopy, and western blots. MBL was expressed in neurons, 

astrocytes, microglia, and oligodendrocytes of the frontal cortex of the HIV-1-infected brain. 

Overall, there were 30% to 40% more MBL-positive brain cells in HIVE vs non-HIVE cases 

(P = 0.01, paired t-test). Specifically, there was an increased MBL expression in the neuronal 

axons of HIVE cases. Also, western blots showed 3- to 4-fold higher levels of 78 kD MBL 

trimers in HIVE vs non-HIVE cases. This MBL-HIVE link was further confirmed by MBL 

associated higher MCP-1 expression in HIVE vs non-HIVE cases. HIV negative healthy indi-

viduals and normal or the gp120 transgenic mice did not show any differential MBL expression. 

Increased MBL expression in the major brain cell types, specifically in the neuronal axons of 

HIVE brain, and MBL associated higher MCP-1 expression in HIVE suggest that MBL could 

cause neuroinflammation and neuronal injury through MBL complement activation pathway.

Keywords: mannose binding lectin, HIV encephalitis, complement activation,  neuroinflammation, 

neuroAIDS, MCP-1

Introduction
Innate immunity refers to antigen-nonspecific defense mechanisms that a host 

uses immediately or within several hours after exposure to an antigen. Unlike adap-

tive immunity, innate immunity does not recognize every possible antigen. Instead, it 

is designed to recognize a few highly conserved structures present in many different 

microorganisms. The mannose-binding lectin (MBL), also called mannose-binding 

protein, coded by the MBL2 gene, is an acute-phase protein that is synthesized by the 

liver and is released into the bloodstream where it recognizes and binds to mannose 

residues or carbohydrates on pathogens such as bacteria, yeast, viruses, or parasites.1–3 

Binding activates the lectin complement pathway via MBL-associated serine proteases 

(MASPs),4 which results in opsonization of pathogens, chemotaxis and activation 

of leukocytes, and direct killing of pathogens. Among 3 pathways of complement 

activation, alternate pathway directly activates complement component C3 while 
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both classical and lectin pathways cleave C4 – the former by 

binding of C1q to immune complexes and the latter by the 

binding of MBL to molecular entities expressing appropriate 

sugar patterns. MBL deficiency was initially recognized as 

an opsonic defect in children5–7 with frequent unexplained 

infections and was linked to increased severity and incidence 

of complications for several inherited immunodeficiency and 

autoimmune diseases.8,9

MBL belongs to the family of collectins.10 The col-

lectins have a dual function: one is to bind specifically to 

carbohydrate structures on the surface of a pathogen, the 

other is subsequently to recruit other cells and molecules to 

destroy the pathogen.10 After binding of the collectins to the 

microbial surface, effector mechanisms such as agglutina-

tion, neutralizing or opsonization of the microorganisms for 

phagocytosis are initiated. In the case of MBL the opsoniza-

tion can be further enhanced by MBL-mediated complement 

activation pathway.

The 32 kDa subunits coded by the MBL2 gene are reorga-

nized in structural units or ‘monomers’ which further associ-

ate to form high molecular weight (MW) MBL oligomers. 

Only the high MW oligomer structure is capable of activating 

complement.1,2 Whereas only one form was identified in 

humans, chimpanzees, and chickens, two forms of MBL, 

MBL-A and MBL-C, were characterized in rodents, rabbits, 

bovine, and rhesus monkeys.11 The liver is the major site of 

expression for both MBL genes and lower copy numbers were 

found in kidney, spleen, muscle, and brain.12 The role of MBL 

in cerebrum development has also been reported.13

MBL recognizes mannose N-linked glycan residues 

of HIV-1 gp41/120 and elicits complement activation, 

cytokine responses, and macrophage-mediated HIV-1  

opsonization.14 During HIV-1 infection of the brain and 

in cases of HIV-associated dementia, an accumulation of 

HIV-1 gp41 has been observed.15 Additionally, immune 

complex deposits have been identif ied in the choroid 

plexus of patients with acquired immune deficiency syn-

drome (AIDS).16 MBL-mediated complement activation is 

observed in Neisseria meningitidis,17 and MBL deficiency 

related to the presence of variant MBL2 alleles has been 

implicated in the risk of meningococcal disease,18 HSV-2,19 

and HIV-1 infections.14,20,21 We have shown earlier that the 

presence of MBL2 genetic variants affecting its function 

and expression are associated with more rapid progression 

to CNS impairment.22,23

In the current study, we show that: i) MBL is expressed 

in the major cell types of the HIV-1 infected brain; 

ii) MBL expression is increased in the neuronal axons of 

HIV-1 infected brain with HIV encephalitis (HIVE); and 

iii) higher MBL expression is associated with increased 

MCP-1 in the HIVE cases. Taken together, our results sug-

gest that MBL expression is increased in concurrence with 

MCP-1 during HIVE, suggesting a potential association of 

MBL-mediated complement activation with neuroinflamma-

tion and neuronal injury in HIV infected brain.

Methods
characteristics of the clinical samples
A total of 35 individuals enrolled in a longitudinal study as 

part of the California NeuroAIDS Tissue Network coordi-

nated at the UC San Diego HIV Neurobehavioral Research 

Center24 were selected for the present study. Most patients 

died as a result of acute bronchopneumonia and/or septice-

mia and the autopsy was performed within 24 to 36 hours 

of death. Of the 35 studied subjects from whom the post-

mortem brain tissues were evaluated for these studies, 

16 were non-HIVE and HIVE each and 3 were normal HIV 

negative healthy individuals at the time of death. Of these, 

24 were non-Hispanic and 11 were Hispanic. Of the 24 non-

Hispanic, 20 were Whites, 3 were African Americans, and 

1 was a Pacific Islander. Median age was 43 years and 83% 

(29/35) were male. Fifty-one percent of subjects included 

in this study were seen for antemortem neuromedical and 

neuropsychological examinations. The remaining 49% of 

subjects were enrolled in the study for autopsy only. Among 

those who were seen for antemortem examinations, 48% were 

on antiretroviral therapy at the time of their last assessment, 

and 74% had taken at least one antiretroviral drug at some 

point in the past. Despite the use of antiretrovirals and their 

potential effects on neuropathogenesis, diagnostic character-

istics of HIV encephalitis were observed in all HIVE brain 

tissues. Among subjects with CD4 data available (n = 22), 

the median CD4 count was 56 (IQR 11-188) and did not 

differ by HIVE status (P = 0.16). As expected, the rate of 

virologic suppression was significantly higher in the non-

HIVE group (58% in plasma, 53% in cerebrospinal fluid) 

than the HIVE group (0% in plasma, 0% in cerebrospinal 

fluid) (n = 20, P = 0.01 and n = 24, P , 0.01, respectively). 

Post-mortem brain tissues from age-matched individuals 

were used for this study. Information obtained from available 

neuropathological data was used to exclude cases with anoxic 

brain injury or with CNS opportunistic infections at the time 

of death. After macroscopic examination, tissue blocks from 

the right midfrontal cortex were obtained and immersion-

fixed for 48 hours at 4°C in 4%  paraformaldehyde. For immu-

nocytochemical analysis, samples were serially sectioned at 
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40 µm with the Vibratome 2000 (Leica, Deerfield, IL). The 

diagnosis of HIVE was based on the presence of mononuclear 

giant cells (MNGC), HIV-infected microglial cells and viral 

load as described earlier.25,26 Histopathologic evidence of 

MNGC, microgliosis, and myelin pallor in fronto-temporal 

cortex, hippocampus, basal ganglia, midbrain, and cerebel-

lum was confirmed by visual inspection that revealed tissue 

changes typical of HIVE. Neuronal damage was assessed in 

MAP2-immunolabeled vibratome sections and defined as 

less than 19% of the midfrontal cortex neuropil covered by 

MAP2-immunoreactive dendrites.27 It has been previously 

shown that while in well-characterized control individuals, 

MAP2 values were usually above 19%, individuals with 

HIVE displaying cognitive impairment had values below 

19% indicating significant dendritic loss.27 The tissues were 

acquired via the California NeuroAIDS Tissue Network 

which has approval from the UCSD institutional research 

board to collect and utilize postmortem tissues from HIV 

positive individuals.

Immunofluorescence analysis of MBL and 
McP-1 in post-mortem brain tissue
Tissue sections from the frontal cortex of healthy HIV 

negative, HIVE and non-HIVE human brain samples were 

analyzed for the localization of MBL in microglia, astrocytes, 

oligodendrocytes, and neurons. Paraffinized tissue sections 

were incubated at 65°C for 1 hour, washed with citrisolve 

clearing agent (Catalog # 22143975, Fischer Scientific, Pit-

tusburgh, PA) and rehydrated in decreasing concentrations 

of ethanol (50:50 citrisolve and ethanol, 100%, 95%, 70%, 

50%, 20% ethanol, milliQ water, and phosphate buffer 

saline, PBS). Sections were treated with permeabilization 

buffer containing saponin (Catalog # PB001, Invitrogen, 

Carlsbad, CA) for 5 minutes at room temperature followed 

by heat induced epitope retrieval in 10 mM sodium citrate 

buffer, pH 6.0 (Catalog # AP9003-500, Thermo Scientific, 

Rockford, IL). For epitope retrieval, tissue sections were 

placed in a 650 W microwave oven and heated intermittently 

for 15 minutes and allowed to cool to room temperature. 

Sections were washed with PBS for 20 minutes and non-

specific sites were blocked in 5% normal goat serum with 

5% bovine serum albumin (BSA) in PBS for 1 hour at room 

temperature.28

Rabbit polyclonal anti-MBL2 (Catalog # HPA002027, 

Sigma-Aldrich, St. Louis, MO) and one of the brain cell 

markers, mouse monoclonal microtubule associated protein 2 

(MAP2) for neurons, mouse monoclonal CD68 for microglia, 

mouse monoclonal glial fibrillary acidic protein (GFAP) 

for astrocytes, mouse monoclonal myelin oligodendrocyte 

glycoprotein (MOG) for oligodendrocytes (Catalog 

 numbers Ab4648, Ab845, Ab4648, Ab24022 respectively 

from Abcam, Cambridge, MA) were diluted 1:200 in PBS 

with 1% BSA and were incubated overnight at 4°C. After 

washing for 20 minutes with PBS, sections were incubated 

in the dark for an hour with goat anti-rabbit IgG conjugate 

Alexa Fluor 488 (Catalog # A11008, Invitrogen, Carlsbad, 

CA) for probing MBL antibody and donkey anti-mouse IgG 

conjugate Alexa Fluor 594 (Catalog # A21203, Invitrogen, 

Carlsbad, CA) for any of the markers among MAP2, CD68, 

GFAP, MOG respectively. After incubation of secondary 

antibodies, sections were washed for 20 minutes in PBS 

and mounted with Prolong Gold anti-fade reagent (Catalog 

# P36931, Invitrogen, Carlsbad, CA) containing DAPI 

(4’, 6-diamidino-2-phenylindole) and covered with a cover 

slip. Mounted sections were air-dried overnight and analyzed 

by confocal microscope. In each case, control experiments 

were conducted with IgG isotope, serum, primary or second-

ary antibody alone.

Appropriate care was taken to avoid the cross-reactivity 

and nonspecific binding of antibodies. We used confocal 

microscopy (Olympus FV1000) to capture emission wave-

length of individual fluorescent dyes. Fluorescent dyes used, 

such as DAPI (358 nm excitation and 461 nm emission) for 

nuclei, Alexa Fluor 488 (495 nm excitation and 519 nm 

emission) for MBL, and Alexa Fluor 594 (590 nm excitation 

and 617 nm emission) for cell marker have significant gaps 

between the emission wavelengths ruling out the possibility 

of cross interference. Consequently, green fluorescence for 

MBL and red fluorescence for cell markers were individu-

ally emitted at their respective wavelengths and when the 

two signals co-localized, yellow spots were observed. All 

secondary antibodies were selected from different species 

(eg, donkey) compared with the primary antibodies (eg, 

rabbit, mouse) to further eliminate any cross-reactivity 

between the species in which the antibodies were raised. 

Also, immunofluorescence staining experiments were 

repeated several times with different cases to ensure repro-

ducibility of results.

For regular immunohistostaining of MBL in post-

mortem brain tissue, after antigen retrieval and nonspecific 

sites blocking by serum, rabbit anti MBL polyclonal primary 

antibody was applied (1:200) and incubated overnight at 

4°C. Sections were developed in biotinylated anti-rabbit 

secondary antibody, followed by Avidin D-HRP (ABC 

Elite) and reacted with 3,3’-diaminobenzidine (DAB, 

0.2 mg/mL) in 50 mM Tris buffer (pH 7.4) with 0.001% 
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hydrogen peroxide. After washing with water, slides were 

counter-stained with 50% hematoxylene and dehydrated 

by ethanol and citrisolv, washed with water, air dried over-

night and mounted with one drop of entellan on the tissue 

and coverslip. Biotinylated anti-rabbit secondary antibody 

and other reagents were obtained from Vector Laboratories 

(Burlingame, CA).

For MCP-1 related immunofluoresence analyses, mouse 

monoclonal anti MCP-1 primary antibody (Catalog # 

Ab9858, Cambridge, MA) and donkey anti-mouse IgG con-

jugate Alexa Fluor 594 secondary antibody were used.

confocal microscopy
The immunostained sections were visualized with Olympus 

FV1000 Confocal Microscope with appropriate excitation/

emission filter pairs (403 nm laser window 410–483 nm, 

488 nm laser window 493–538 nm, 543 nm laser window 

548–628 nm). Images were collected using the microscope 

in sequential plane mode with an average of 4 and a for-

mat of 1024 × 1024 pixels using X100 oil immersion lens. 

Images were exported to Olympus FV1000 Viewer software 

Ver.02.00 to generate the figures. Immunofluorescence of 

the positive cells co-localized with MBL and respective cell 

markers were counted in 5 areas of a section (4 corner areas 

and 1 central area of a section in at least 4 slides). Percent 

increase for the expression of MBL from HIV to HIVE 

cases was calculated and P value was determined using the 

2-tailed paired t-test.

Detection of viral p24 protein 
in the post-mortem brain tissue
Sections from the frontal cortex region were immunostained 

with goat polyclonal antibody to HIV-1 p24 (Catalog # 

4999-9007, AbD Serotec, Raleigh, NC) to detect its presence 

in post-mortem brain tissues with or without HIVE.

Detection of MBL expression in normal 
and transgenic gp120 mouse model
Brain tissue sections from 4 each of normal and transgenic 

(tg) gp120 mice were used to evaluate the expression level 

of murine MBL proteins MBL-1 and MBL-2 (Catalog 

# AF2077 and MAB2208 respectively, R & D Systems, 

Minneapolis, MN). The gp120 tg mice were provided by 

Dr Masliah and were described earlier.29 Mixed gender, 

12-month-old C57/Bl6 strain mice were evaluated for these 

studies. Immunohistostaining protocols used for the mice 

brain tissue were similar to the MBL detection protocol 

described previously.

Western blot analyses of MBL 
and McP-1 in post-mortem brain tissue
Total proteins extracts from non-HIVE, HIVE and normal 

postmortem brain tissues were prepared by using an 

All-Prep kit (Catalog # 80004, Qiagen Inc. Valencia, 

CA) and quantif ied by bicinchoninic acid (Catalog # 

23227, Thermo Scientific, Rockford, IL). A total protein 

of 20 µg from each brain tissue was separated on 4% to 

12% NuPAGE Bis-Tris Gel electrophoresis (Catalog # 

NP0322BOX, Invitrogen, Carlsbad, CA). Western blots 

were transferred and developed with MBL or MCP-1 

antibodies that were used for immunofluorescence studies.  

A mouse monoclonal anti-β-actin antibody (Catalog # A2228, 

Sigma-Aldrich, St Louis, MO) was used as an equal protein 

loading control and for MBL/MCP-1 quantitation by band 

intensity normalization using Image J software (NIH, USA). 

Ponceau stain (Catalog # P7170-1L, Sigma-Aldrich, St Louis, 

MO) and Magic Mark XP Western protein standard (Catalog 

# LC 5602, Invitrogen, Carlsbad, CA) were used for locating 

protein bands.

MBL2 genotyping of post-mortem brain 
tissues
Total DNA extracted from the frontal cortex of the 3 groups 

of post-mortem brain tissues (HIV negative healthy, HIVE, 

non-HIVE) was genotyped for genetic variants in the exons 

and promoter region using real-time PCR melting curve 

analyses using a LightCycler 1.0 (Roche Diagnostics Inc., 

Indianapolis, IN) as described earlier.22 Two single nucleotide 

polymorphisms at promoter positions −550-G/C (H/L variant) 

and −221-G/C (X/Y variant), one in the 5’ untranslated region 

+4-C/T (P/Q variant) and 3 genetic variants at codons 52, 54, 

and 57 in exon 1 at nucleotide positions 223-C/T (Arg52Cys, 

A/D allele), 230-G/A (Gly54 Asp, A/B allele), and 239-G/A 

(Gly57Glu, A/C allele), respectively were studied.

Results
MBL immunoreactivity is present in 
association with microglia, neurons, 
astrocytes, and oligodendrocytes in 
post-mortem brain tissues with HIV 
encephalitis
First, we used antibodies against MBL and brain cell mark-

ers to evaluate the presence of MBL in HIV-1 infected brain. 

In the frontal cortex of the post-mortem brain tissue from 

HIV-1 infected individuals, MBL displayed immunoreactivity 

in the major brain cell types – neurons, astrocytes, microglia, 
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Figure 1 Distribution and co-localization of MBL and brain cell markers using double immunofluorescence and confocal microscopy at 120 µm scale and 100× magnification. 
Panels A, B, C, and D show mannose binding lectin (MBL) and cell markers for microglia (cD68), astrocytes (gFAP), neurons (MAP2), and oligodendrocytes (MOg) 
respectively. Primary antibodies were detected with fluorescent Alexa Fluor secondary antibodies. Green fluorescence represents MBL, red represents individual brain cell 
marker, and the yellow fluorescence represents the co-localization of MBL and the respective cell marker. Blue fluorescence represents the presence of DNA in an intact 
nucleus stained by 4´, 6-diamidino-2-phenylindole (DAPI).
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and oligodendrocytes (Figure 1). There was a co-localization 

of MBL and individual brain cell markers. Additionally, DAPI 

stain clearly marked the nuclear DNA showing that cells with 

intact nuclei were studied.

Increased MBL expression 
in post-mortem brain tissue 
with HIV encephalitis
To study whether MBL was differentially expressed in dif-

ferent brain cell types, a comparison of MBL expression 

in microglia, astrocytes, neurons, and oligodendrocytes 

in non-HIVE, HIVE, and healthy HIV negative cases was 

done. Overall, there were 30% to 40% higher MBL positive 

brain cells in HIVE vs non-HIVE cases (statistically 

significant at P , 0.01, paired t-test) (Figure 2). Frontal 

cortex brain tissues from HIV negative, healthy indi-

viduals did not show any significant MBL expression 

(Figure 2).

Increased MBL expression in neuronal 
axons of post-mortem brain tissue 
with HIV encephalitis
To determine if MBL expression in neuronal axons correlate 

with the risk of encephalitis, frontal cortex brain tissue sam-
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Figure 2 comparison of mannose binding lectin (MBL) distribution in microglia, astrocytes, neurons, and oligodendrocytes in the post-mortem brain tissues from HIV-
negative healthy, HIV+ non-HIVE, and HIVE cases. Methods, scale, magnification, and fluorescence colors are same as in Figure 1.
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ples from non-HIVE and HIVE cases were immunostained 

with MBL antibodies. MBL was moderately expressed in non-

HIVE (HIV+ cases with no brain alterations) while abundantly 

expressed in HIVE neuronal axons (Figure 3A, B, G, H). The 

p24 protein was not notably detected in the non-HIVE cases 

(Figure 3E) and there was only moderate MBL immunostain-

ing in the axons. However, post-mortem brain tissues from 

HIVE cases showed abundant p24 staining confirming the 

presence and multiplication of HIV-1 (Figure 3F).

MBL expression is unchanged in normal 
and transgenic gp120 mice
We analyzed the expression of MBL in normal (nontrans-

genic) mice and compared these with the gp120 transgenic 

mice (in Dr Masliah’s lab) anticipating that gp120 trans-

genic mice will probably express higher MBL because 

of the interaction of MBL with mannose residues on the 

gp120 protein. However, we did not observe any signifi-

cant difference in MBL expression in the brain tissue from 
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A HIV+ B HIVE C Non-tg D gp120 tg

E HIV+, p24 F HIVE+, p24

G HIV+, MBL H HIVE+, MBL

Figure 3 Distribution of mannose binding lectin (MBL) in neuronal axons in human and mice brain tissues. Panels show MBL expression in single neuronal axon in 
postmortem brain tissues without (A) or with HIVe (B); while a comparative MBL expression in normal nontransgenic mouse (C) and gp120 transgenic mouse (D) is shown. 
Immunoreactive distribution of p24 in microglia of HIV+ non-HIVe (E) and HIVe case (F); and MBL in neuronal axons from HIV+, non-HIVe (G) versus HIVe (H) respectively 
are shown. Primary antibodies were developed with biotinylated secondary antibody, followed by treatment with Avidin D-HrP and reacted with 3, 3´-diaminobenzidine 
(DAB) in Tris buffer. Slides were counter-stained with 50% hematoxylene. 120 µm scale and 100× magnification was used.
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normal mice (Figure 3C) or the gp120 transgenic mice 

(Figure 3D).

Confirmation of MBL expression in post-
mortem brain tissues by western blots
To corroborate the expression of functional MBL, we deter-

mined if MBL trimers were expressed in the HIV-1 infected 

brain using western blots. Apart from 32 kDa monomers 

and 51 kDa dimers, 78 kDa trimers of the MBL pres-

ent in the post-mortem brain tissues were identif ied 

(Figure 4A). Using the Image J software from NIH web site 

(http://rsb.info.nih.gov/ij/) for quantitation of MBL expressed 

in 3 groups of brain tissues, we found that MBL expression 

was 3- to 4-fold higher in the post-mortem brain tissues in 

the HIVE cases (Figure 4A) compared with those from non-

HIVE (statistically significant at P , 0.01, paired t-test) or 

from HIV negative healthy individuals. Only 2 representative 

subjects from each group of HIVE, non-HIVE and HIV nega-

tive subjects were shown. However, a subject specific pattern 

of MBL bands was also observed, probably due to the pres-

ence of different MBL2 genotypes. MBL antibody used ear-

lier for immunofluorescence and immunohistostaining was 
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Figure 4 Western blot analyses of mannose binding lectin (MBL) expression in post-mortem brain frontal cortex tissues from two each of HIV−, HIV+ non-HIVe, and HIVe 
cases (A). 32 kDa monomers, 51 kDa dimers and 78 kDa trimers of the MBL were observed. Side panel shows a 3-fold increase of MBL in HIVe vs HIV+ non-HIVe cases 
and bars represent the standard deviation of MBL concentration in the studied samples. Distribution of McP-1 and its co-localization with MBL in post-mortem brain frontal 
cortex tissues using immunofluorescence (B) and western blot (C). Green fluorescence represents MBL, red represents MCP-1, and the yellow fluorescence represents 
the co-localization of MBL and MCP-1. Blue fluorescence represents the presence of an intact nucleus stained by 4’, 6-diamidino-2-phenylindole (DAPI). Method, scale, and 
magnification are the same as in Figure 1. Panel C shows about 3-fold increase of MCP-1 in HIVE vs non-HIVE or HIV negative cases. Bars represent the standard deviation 
of McP-1 concentration in the studied samples.
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used for western blots. Beta-actin was used as a housekeeping 

reference protein and as a loading control for comparing the 

expression of MBL in the brain tissues.

Increased McP-1 expression in 
association with MBL in HIV encephalitis
In order to understand if MBL predicted the MCP-1 accu-

mulation (a marker of HIV-1 related neuroinflammation) 

in the HIV-1 infected brain, co-localization of MBL and 

MCP-1 was studied. Increased expression of MCP-1 was 

observed in HIVE vs non-HIVE or HIV negative cases 

(P = 0.01, paired t-test for each comparison) (Figure 4B). 

Both MBL and MCP-1 were co-localized in the brain 

suggesting an active role of MBL related MCP-1 accu-

mulation in HIVE. Moreover, western blots from HIVE 

cases showed an increase of 3-fold in MCP-1 expression 
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compared with non-HIVE or healthy HIV negative controls 

(Figure 4C).

Association of MBL2 genotypes and 
haplotypes with HIV encephalitis
Chi square test for the association of MBL2 A/O, H/L, P/Q 

and Y/X alleles, and Fisher exact test for the association of 

genotypes with the risk of HIVE did not show any significant 

correlation (P $ 0.05 [data not shown]). Also, no significant 

association of MBL2 genotypes with the MBL expression 

in HIVE, non-HIVE, or HIV negative cases was observed 

(data not shown).

Discussion
Almost all the components of classical and alternate pathways 

of complement activation have been shown to be expressed in 

the brain, however an MBL mediated complement activation 

has not been studied in the context of innate immune response in 

the HIV-1-infected brain. Since MBL can directly interact with 

HIV-1 by the binding of its carbohydrate recognition domains 

to the mannose residues present on the glycosylated gp120 or 

gp41 proteins, its expression in the HIV-1 infected brain can 

be modulated by the presence of viral proteins. Results from 

the current study are significant for several reasons.

First, we evaluated the expression of MBL protein in 

HIV-1 infected post-mortem brain tissues with or without 

HIV encephalitis and found that MBL was expressed in 

neurons, astrocytes, microglia, and oligodendrocytes in HIVE 

emphasizing its underlying importance in the innate immune 

response to HIV infection in brain.

Second, we observed an increased MBL expression in 

the neuronal axons of HIVE vs non-HIVE cases implying 

a potential association of MBL with neuronal injury. The 

increased MBL expression and deposition in neuronal axons 

may not only mount an enhanced MBL-mediated comple-

ment activation and cytokine response, it can also lead to 

axonal damage, thus impairing the neuronal function.

Third, using western blots, we confirmed an overall 

increase in MBL expression in HIVE brain compared with 

non-HIVE brain implying the presence of functional MBL 

in HIV-1 infected brain. We observed 3 bands of 32 kDa 

monomer, 51 kDa dimer, and 78 kDa trimer of MBL. This 

suggested that the observed expression of MBL was actu-

ally reflected in a trimeric functional protein that could 

lead to increased MBL-mediated complement activation in 

HIV-1 infected brain.

Fourth, MBL-HIVE link was further confirmed by the 

presence and co-localization of MCP-1 and MBL in the 

immunoreactive cells in frontal cortex of the HIVE cases 

suggesting an MBL-mediated proinflammatory cytokine 

response and neuroinflammation. MCP-1 is an accepted 

marker of HIV-1 related neuroinflammation,30 and mac-

rophages, endothelial cells, microglia, and astrocytes are 

known to express MCP-1 against proinflammatory stimuli.31 

Several cell types expressing chemokine receptor 2 (CCR2, 

the MCP-1 receptor) such as monocytes, macrophages, 

basophils, mast cells, T lymphocytes, natural killer cells, 

and dendritic cells are recruited by MCP-1 to the sites of 

peripheral or CNS injury. Increased MCP-1 in the CNS has 

been shown to be strongly associated with HIV-encephalitis 

and HIV associated dementia.32–39 We observed an increased 

expression of MBL in total brain tissues from HIVE cases 

compared with non-HIVE or HIV negative cases; however we 

cannot rule out that an increased infiltration of MBL and/or 

MCP-1expressing cells in the brain such as monocytes can 

also lead to increased detection of MBL and MCP-1 through 

western blots. Nevertheless, our brain cell  markers’ specific 

results convincingly show that MBL is indeed expressed 

in the HIV-1 infected brain and its overall expression in 

neuronal axons is increased in the HIV-1 infected brain 

with encephalitis. Further studies are required to evaluate 

the potential expression of MBL and MCP-1 from other 

cell types (eg, monocytes, neutrophils, or T cells) in the 

HIV-1 infected brain.

Finally, we confirmed that HIV-1 p24 protein, a marker 

of HIV-1 replication in the brain, was present at higher levels 

in the microglia of HIVE cases compared with non-HIVE 

cases.

Using gp120 transgenic mice, we found that MBL 

expression did not increase in gp120 transgenic (tg) 

mice brain compared with normal mice suggesting that 

other host or viral factors in addition to gp120 may be 

involved in the induction of MBL expression during HIV-1 

 neuropathogenesis. However, we cannot rule out an MBL-

mediated neuroinflammatory response in gp120 mice brain. 

Also, we studied the brains from 12 month old gp120 tg 

mice, and it is possible that older mice may show variable 

expression of MBL. Another possibility is that there may be 

differential expression of mannose residues in the N-glycans 

in gp120 expressed in the gp120 tg mice compared with 

the gp120 expressed in infected microglia in the human 

brain. This will alter the MBL activation and expression in 

gp120 mice brain. Further studies are required to evaluate 

this in gp120 tg mice model.

We did not observe any significant association between 

the MBL2 genotypes22 and the MBL expression or to the 
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risk of HIVE in the HIV-1 infected brain. MBL2  genotypes 

potentially associated with MBL deficiency were pres-

ent in the brain tissues; however their presence was not 

significantly associated with altered MBL expression in 

the studied HIV-1 infected brains with or without HIV 

 encephalitis. Based on our recent findings from large cohorts 

of HIV-1 infected children22 and adults23 where we found that 

the presence of an MBL2 genotype (associated with lower 

expression of MBL) was linked to the development of neu-

rocognitive impairment, we expected that lower expression 

of MBL would be associated with the risk of developing 

HIV encephalitis in the brain, however increased expression 

of MBL in HIVE cases suggests that chronically activated 

complement through MBL pathway might contribute to 

HIV-associated neuroinflammation and neurodegeneration. 

Enhanced complement synthesis and chronic complement 

activation have been implicated in the brain damage and 

progression of several neuroinflammatory and neurodegen-

erative diseases such as Alzheimer’s disease, Huntington’s 

disease or multiple sclerosis.40,41 This also suggests that the 

presence of specific MBL2-O/O variant genotypes may not 

provide conclusive information about the actual effect of 

MBL2 gene associated with HIVE. It is possible that the 

presence of MBL2-O/O or -X/X variant genotypes associated 

with nonfunctional and lower levels of MBL respectively 

provides a weak innate immune response against the risk of 

HIV-1 infection. However, expression of MBL is probably 

enhanced at transcriptional or translational stage once brain 

cells encounter mannose laden gp120 or gp41 viral proteins.14 

This in turn potentially leads to over-activation of MBL-me-

diated complement system and enhanced neuroinflammation 

in the brain cells. Potential mechanisms of MBL-mediated 

brain damage may also include opsonization of the surround-

ing brain cells and phagocytosis by macrophages/microglia, 

and MBL-dependent bystander lysis following the formation 

of the membrane attack complex (MAC) that attack neurons. 

Additionally, MACs might induce the release of arachidonic 

acid and its metabolites that impart neurological injury.42

Although, we did not find any association of MBL2 geno-

types with HIV-1 disease progression or CNS impairment by 

race/ethnicity,22,23 a recent report43 has shown that increased 

frequency of MBL2-LX/LX genotypes was associated with 

low MBL levels in Euro-derived patients, suggesting a poten-

tial role for MBL in the susceptibility to HIV-1 infection in 

Euro-derived individuals.

Several host and viral factors have been linked to HIV-1 neu-

ropathogenesis and neuroAIDS,44 and the role of  complement 

activation in HIV-1 related neuroinflammation and CNS 

impairment has been suggested.45–47 Since HIV infection has 

been shown to directly induce the expression of complement 

factors C2 and C3 in astrocytes and of C3 in neurons,48 induc-

tion of MBL expression in brain through HIV gp120 residues 

is not unusual. The synthesis of complement factors can be 

markedly upregulated by inflammatory cytokines,40,41 and 

MBL itself can induce the production of cytokines in brain.49 

In addition to the release of MBL in plasma by the liver, detect-

able levels of MBL have been reported in cerebrospinal fluid; 

however brain tissue-specific enhanced expression of MBL is 

more likely to correlate with the extent of neuroinflammation 

and encephalitis in the HIV-1 infected brain.

MBL mediated complement activation is a constituent 

of innate immune response to the HIV-1; however enhanced 

MBL synthesis and MBL-mediated complement activation can 

influence immunological and virological processes in the HIV-

infected brain by helping in increased viral spreading within 

the brain and add to significant neuroinflammation and HIV 

encephalitis in the terminal stages of neuropathogenesis before 

death. Indeed, opsonized HIV-1 together with complement 

receptor-positive cells was shown to enhance cell infection due 

to improved targeting of the opsonized virions.50–52 Also, the 

opsonization of HIV with MBL and complement fragments 

may enhance the phagocytosis by astrocytes or microglia. 

Furthermore, it has been shown that interaction of MBL with 

HIV-1 is sufficient for virus opsonization.53,54

In conclusion, increased MBL expression in the major 

brain cell types, specifically in the neuronal axons of the HIV 

encephalitis brain, and higher MCP-1 expression in concur-

rence with MBL in individuals with HIV encephalitis suggest 

a potential association of MBL-mediated neuroinflammation 

and neuronal injury in HIV infected brain. These studies may 

have implications for observed in-life neurocognitive impair-

ment among HIV-infected individuals and could potentially 

suggest MBL-based therapeutics against HIV-1 mediated 

neuroinflammation and neuroAIDS.

Previous presentation in part
XVIII Conference on Retroviruses and Opportunistic Infec-

tions, Boston, MA, February 27–March 3, 2011 (Abstract 

no. E-142).
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