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Why are the neurodegenerative disease-related
pathways overrepresented in primary
HIV-infected peripheral blood mononuclear cells:
a genome-wide perspective
Li Zhou, Viviane Conceicao, Priyanka Gupta and Nitin K Saksena*
Abstract

We demonstrate for the first time that the genome-wide profiling of HIV-infected peripheral blood mononuclear
cells (PBMCs) from HIV-patients free of neurologic disease show overrepresentation of neurodegenerative pathways
(Alzheimer’s, Parkinson’s, ALS, Huntington’s and Prion Disease, etc.) in genome-wide microarray analysis, which
suggests that this genome-wide representation of neurodegenerative diseases-related pathways in PBMCs could
possibly be a subcellular manifestation of neurologic interference by HIV. Further, the cell-tagging analysis attested
this belief showing the large majority of genes tagged with cells of monocyte and macrophage lineage, which are
implicated in neuronal dysfunction in both viral and non-viral neurodegenerative diseases. Together, these findings
suggest that the genomic interference of HIV with neurodegenerative pathways is not by chance, but may be an
early sign of HIV-mediated sub-genomic and sub-cellular manifestation of neurologic disease. Moreover, these
findings signify the utility of PBMC and genome-wide mapping of the host gene expression as a powerful tool in
predicting possible early events in neurologic deterioration in HIV patients.
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Findings
Neurological impairment is a common feature of
Acquired Immunodeficiency Syndrome (AIDS) and
other virus-mediated neurodegenerative diseases. Func-
tional alterations occur in both in central and peripheral
nervous system. Despite the success of highly active
antiretroviral therapy (HAART) at reducing the inci-
dence of HIV-associated neurocognitive disorders
(HAND), there are still nearly 50% HIV-infected indivi-
duals who are predisposed to multiple cognitive domain
deficits, such as psychomotor slowing, attention, me-
mory, working memory, executive function, abstraction,
verbal fluency, speed of information processing, sensory
perceptual, and motor speed [1], which eventually will
translate into HIV-associated dementia in >25% of HIV+
individuals on HAART. So far, HAD remains to be one
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of the most devastating complications of HIV infection,
which significantly interferes with the quality of life of
HIV+ individuals.
Although extensive research has been carried out to

define the onset, progression and prognosis of HAND,
to date the reflection of neurologic predisposition has
not been looked at systemically, especially at the level of
whole cellular transcriptome. In the recent years, gene ex-
pression profiling has become one of the key approaches
to mining the differentially expressed genes between dis-
ease and control groups, which is rapidly changing the
landscape of diagnostics and prognostics in general. It has
also added another dimension to the way we look at and
treat different diseases. It is important to reiterate that
brain biopsy is not a clinically feasible option and it is se-
verely restricted in the clinical context. In these cases, per-
ipheral blood mononuclear cells (PBMCs), which are
involved in numerous immune related diseases, serve as
highly valuable and informative surrogate material for
gene expression studies. Recently, it has been shown by
td. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.

mailto:nitin.saksena@sydney.edu.au
http://creativecommons.org/licenses/by/2.0


Zhou et al. Virology Journal 2012, 9:308 Page 2 of 7
http://www.virologyj.com/content/9/1/308
several studies that gene expression in PBMCs is altered
in the context of cancer [2], sepsis [3], asthma [4], familial
hemophagocytic lymphohistiocytosis [5], and endome-
triosis [6]. This information can translate into clinically
beneficial outcomes both at the treatment and diagnos-
tic fronts. Moreover, it has also been shown that
increased caspase activation and deregulation of stress
genes in PBMCs of patients with Alzheimer's disease
[7,8]. Thus, the PBMCs are widely regarded as an at-
tractive component in diagnosis and prognosis of a va-
riety of diseases.
Here, we have carried out a genome-wide profiling of

the PBMCs from healthy controls and HIV-infected
patients. 5 subjects from each group have been used. All
the subjects are male, average age for healthy controls is
47.5 ± 3.5 and 50 ± 6.67 for HIV infected patients. For
HIV infected patients, the average duration for HIV in-
fection is 13.4 years ± 3.51; the pre-therapy viral load
varies from 5208 to 750,000, the average is 349301.6;
CD4+ T cell count is from 360 to 1050, the average is
658; CD8+ T cell count is from 680 to 1380, the average
is 1025.8. Extensive clinical neurocognitive examination
has been carried out on all the subjects and they are free
of any form of HIV-associated neurologic disease
according to the current diagnostic criteria for HAND
defined by the American Academy of Neurology 2007
[9]. We compared the PBMC profiling results with our
genome-wide profiling of the autopsied HIV-infected
brains with and without neurological disorders. 10
HAND patients and 7 HIV patients with no neurological
disorder were used for genome-wide profiling. All of
them are male, except one. The average age is 47.5
±12.85. The duration of HIV seropositivity to death is
from 9 months to 22 years. None of the HAND patients
have any non-HAND neuropathology, while only one
HIV non-neurological disorder patient showed minimal
non-diagnostic abnormalities. (This study was conducted
according to the principles expressed in the Declaration
of Helsinki. Use of HIV positive and negative peripheral
blood samples in this study was approved by the Institu-
tional Review Board and the Ethics Committee of the
University of Sydney and the Royal Prince Alfred Hos-
pital, Sydney and Westmead Hospital (Ref: HREC2008/
6/4.10 (2817). The patients or family members of the
patients gave written, informed consent for the use of
blood sample and autopsied brain tissue. The brain au-
topsied tissue samples, obtained from the Mount Sinai
School of Medicine, were covered the Human Ethics of
the institution and also under the Anatomical Gift Pro-
gram of the Neuropathology Research Division and The
Manhattan HIV Brain Bank, N.Y. USA. In each case ap-
propriate consent was obtained from the family of
deceased who participated in donating brain tissue for
research (Study ID# 98-477 (0002)PA).
Transcriptomic profiling of PBMCs revealed 1089 genes
significantly dysregulated (P<0.05), among them 491 were
up regulated and 599 down regulated (Additional file 1).
The differentially expressed genes were uploaded to the
WEB-based GEne SeT AnaLysis Toolkit (WebGestalt)
to explore functionally relevant pathways. We found
significant involvement of signaling (25%), immune re-
sponse/infection (22%), neurological disorders (18%),
and metabolism (11%) (Figure 1), which is highly con-
sistent with our previous genomic and proteomic stu-
dies carried out using brain tissue from HIV-infected
patients with and without neurological disorders
(Additional file 2) [10]. Not surprisingly, mainly the im-
mune response/infection related pathways, such as im-
munodeficiency, cytokine and their receptor interaction,
IgA production, and antigen presentation were signifi-
cantly enriched in PBMC-derived from HIV+ patients. In
addition, we also found significant enrichment of signaling
pathways, including MAPK signaling, TGF-beta signaling
and Neurotrophin signaling pathways, etc. But the most
notable was the significant enrichment of neurological
disease-related pathways (Figure 2) comprising of Alzhei-
mer disease (AD) (P=2.88E-11), Parkinson’s disease (PD)
(P=1.25E-11), Huntington’s disease (P=7.03E-9) (HD),
Prion diseases (P=5.31E-6), etc. This striking overrepre-
sentation of neurodegenerative pathways in HIV-infected
PBMC at the genomic level as well its concordance with
our recent neuro-proteomic study has considerable sig-
nificance in explaining early systemic interference with
host neurological function by HIV, which genetically
predisposes HIV patients to neurologic disease. In this
context, it is important to reiterate some studies have
found that within the first year of HIV infection, there is
significantly reduced co-activation within lateral occipi-
tal cortex network compared to healthy control, which
correlates with the performance on tasks involving
visual-motor coordination [11]. Functional magnetic
resonance imaging (fMRI) has also shown that HIV
positive individuals have a lower baseline cerebral blood
flow and was equivalent to a 21 year increase in brain
age compared to HIV negative controls. It is important
to note that HIV-infected individuals in some cases de-
velop AD and PD, but at a much younger age compared
to HIV negative AD and PD patients. Also, in other
cases HIV patients also display cognitive difficulties and
behavioral abnormalities including psychosis and depres-
sion [12,13]. Furthermore, HAD patients share common
anatomical substrates (hippocampus and substantia nigra)
[14] and pathological biochemical change (dopamine defi-
ciency and testosterone deficiency) with AD and PD.
Therefore, our findings on genomic interference of HIV
with neurodegenerative pathways are not by chance, but
they are possibly the early hints of HIV interference
with host neurological function and possible indicator



Figure 1 Representation of statistically significant enriched pathways of PBMC mRNA profiles. Pie chart representing pathway analysis.
Each part of the pie chart represents -log2 of the P-value of pathway from the set of significant pathways, where the total of -log2 of the
P-value is 1. The P-values were retrieved from the pathway analysis in WebGestalt.
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of sub-cellular or sub-genomic manifestation of neuro-
logic disease.
To further point out at the specific cell subset(s) re-

sponsible for this functional enrichment of genes in the
neurodegenerative disease-related pathways, cell subset
Figure 2 Illustration of altered DE genes in neurological disease-relat
positive individuals and healthy controls, which fell into statistically signific
have been adopted to highlight DE genes in individual pathways.
tagging was carried out using immunological genome
website [15]. Dysregulated genes between PBMCs from
HIV+ individuals and healthy controls, which showed
significant involvement in neurological diseases related
pathways, were uploaded to this website. Genes,
ed pathways. Representation of DE genes between PBMCs from HIV
ant enriched neurological disease-related pathways. Different colors
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predominantly expressed in one cell subset, were iden-
tified and the percentage of genes tagging the cell sub-
sets from our uploaded DE genes is shown in Figure 3
and Table 1. Various T lymphocytes tagging genes were
found involved in the HD pathway, which is consistent
with previous findings of T-lymphocyte impairment in
HD [16]. Most interestingly, >50% of the DE genes
contributing to neurological diseases pathways tagged
largely with cells of monocyte/macrophage lineage
(monocytes, macrophage and dendritic cells) (P<0.05)
shown to play a crucial role in the pathogenesis of
HAD. These results are consistent with our unpub-
lished data (Table 2). These results also concur with
the findings that monocytes are a critical cellular subset
as HIV DNA copies in monocytes correlate with cogni-
tive performance and can be used to predict 48-week
cognitive performance [17], although previous studies
reported HIV DNA in PBMCs are proportionally cor-
relative to the severity of HAND regardless of HIV
RNA levels in the plasma [18]. Furthermore, HIV DNA
levels in PBMCs are even associated with individual
deficits in neurocognitive domains [18-21]. These results
also provide further support to the evidence that HAND
might be triggered by HIV-infected/activated M/Mφ in
the peripheral system, which bears a strong correlation
with HAND severity [22]. Supporting these observations,
increased monocytes trafficking into the brain has also
been found in inflammatory diseases occurring outside
Figure 3 Cell-tagging analysis. Diverse cell types in PBMCs tagged by dy
HIV positive PBMCs versus healthy controls, expressed in T-cells, B-cells, nat
basophils, determined from the human immune cell module of the immun
genes were predominantly expressed in monocytes/macrophage and dend
no significant difference between up- and down-regulated genes. P-values
subset observed and expected in either up or down regulated genes.
the central nervous system (CNS) [23]. Besides, using
genetically- labelled bone marrow-derived cells, evidence
has also shown enhanced engraftment of labeled mono-
cytes and their differentiation to microglia during the
post-inflammatory period, and most importantly the inte-
gration of these newly recruited monocytes into the pool
of parenchymal microglia [24], further unifying the role of
systemic monocyte/Mφ cell lineages in the manifestation
of HAD.
Overall, the data presented herein leads us to believe

that the intrinsic signatures of neurodegenerative path-
ways we show in the systemic circulation are not there
by chance and may have vital functional significance as
early indicators of HIV interference with host neuro-
logical functions at the sub-genomic or sub-cellular
level, which possibly occurs far ahead of actual clinical
manifestation and outside of CNS. Any effective inter-
ference at an early stage and targeting peripheral blood
or even particular cell subsets should promise a better
disease prognosis or even prevention of neurological
slide in HIV patients. If attended later, some patho-
logical changes might become irreversible and may
manifest for life compromising the blood brain barrier
and drug penetration. Together, these studies provide a
new paradigm in early neurological interference by HIV
and carry immense significance in early prevention and
drug intervention towards neurologic deterioration in
HIV-infected patients.
sregulated genes. Percentage of total dysregulated genes (P<0.05) in
ural killer (NK)-cells, monocytes/macrophage, dendritic cells (DCs), and
ological genome project [15]. A much higher percentage of the DE
ritic cells (DCs), consistent with HIV infection of the brain. There was
were determined by comparing the number of genes from each cell



Table 1 Gene expression in diverse blood leukocytes
using cell tagging

GENE
SYMBOL

T cell B cell NK cell DCs Monocytes/
macrophage

Basophil

AP2S1 *

APAF1 * *

ATP5G1 *

ATP5G2 * *

ATP6V1A *

BAX *

CALM1 * *

CCL5 *

CHP *

CLTC * *

COX17 *

COX4I1 *

COX7B * *

DCTN4 * *

ERN1 *

FYN *

GSK3B * *

HDAC2 * * *

IL1-alpha *

IL1-beta *

IL6 *

IRAK2

JUN *

LHPP *

MAP2K1 * * *

MAP2K2 * *

MAP3K1 * * *

NDUFA11

NDUFA3 *

NDUFA4 *

NDUFA9 *

NDUFB10 *

NDUFB2 *

NDUFB7 *

NDUFB8 * * *

NDUFS7 * *

NDUFV1 * * *

NFKB1 *

NFKBIA * *

NFKBIE *

PLCB2 *

PLCG1 *

POLR2A * * *

Table 1 Gene expression in diverse blood leukocytes
using cell tagging (Continued)

POLR2B *

POLR2J2 *

PPA1 *

PPP1CA *

PPP1CB * *

PPP1R12A *

PPP3R1 *

PRKCA *

RAF1 *

RHOA * * * *

RIPK2 *

RPS6KA4 *

SDHB * *

SDHC *

SNAP23 *

SOD2 *

STX10 * * *

STX11 *

TNF *

TNFRSF1A * * *

UBB * *

UBE2J1 *

UBE2L3 *

UBE2L6 *

UQCRC2 * *

VAMP2 *

VAMP3 *

VAMP5 *

VTI1B * *

NOTE: *indicates the highest expression cellular subtype.
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Conclusions
In summary, we provide a unique viewpoint that raises
important questions about transcriptomic expression in
HIV-infected PBMC of HIV patients without neuro-
logic disease and its possible role as an early indicator
of genomic programming and sub-genomic manifest-
ation of HIV neurologic disease. Since the large major-
ity of genes implicated in neurodegenerative diseases
tagged with cells of monocyte and macrophage lineage,
which play a crucial role in a variety of NDs, it is
plausible to hypothesize that these cells by infiltrating
across the blood brain barrier can carry out early pro-
gramming of events in the CNS leading to neuro-
logical manifestation. Overall, these findings suggest
possible sub-genomic/sub-cellular neurological deficit



Table 2 Enriched KEGG pathways derived from differentially expressed genes in monocytes in comparison to viremic
patients versus long term non-progressors

Enriched pathway Enrichment statistics

Cell signaling

Chemokine signaling pathway C=190;O=15;E=1.12;R=13.41;rawP=6.29e-13;adjP=2.64e-11

Toll-like receptor signaling pathway C=101;O=11;E=0.59;R=18.49;rawP=2.39e-11;adjP=5.02e-10

NOD-like receptor signaling pathway C=62;O=9;E=0.37;R=24.65;rawP=1.15e-10;adjP=1.61e-09

Neurotrophin signaling pathway C=126;O=10;E=0.74;R=13.48;rawP=4.48e-09;adjP=4.70e-08

Cytokine-cytokine receptor interaction C=267;O=13;E=1.57;R=8.27;rawP=8.49e-09;adjP=7.13e-08

T cell receptor signaling pathway C=108;O=7;E=0.64;R=11.01;rawP=3.81e-06;adjP=1.78e-05

MAPK signaling pathway C=269;O=10;E=1.58;R=6.31;rawP=5.15e-06;adjP=1.97e-05

Epithelial cell signaling in Helicobacter pylori infection C=68;O=5;E=0.40;R=12.49;rawP=5.25e-05;adjP=0.0001

B cell receptor signaling pathway C=75;O=5;E=0.44;R=11.32;rawP=8.41e-05;adjP=0.0002

VEGF signaling pathway C=76;O=5;E=0.45;R=11.17;rawP=8.96e-05;adjP=0.0002

ErbB signaling pathway C=87;O=4;E=0.51;R=7.81;rawP=0.0018;adjP=0.0023

Insulin signaling pathway C=137;O=4;E=0.81;R=4.96;rawP=0.0090;adjP=0.0095

Wnt signaling pathway C=151;O=4;E=0.89;R=4.50;rawP=0.0125;adjP=0.0128

Jak-STAT signaling pathway C=155;O=4;E=0.91;R=4.38;rawP=0.0136;adjP=0.0136

Cell cycle and apoptosis

Lysosome C=117;O=7;E=0.69;R=10.16;rawP=6.49e-06;adjP=2.27e-05

Apoptosis C=88;O=6;E=0.52;R=11.58;rawP=1.43e-05;adjP=4.62e-05

Cell cycle C=128;O=4;E=0.75;R=5.31;rawP=0.0071;adjP=0.0081

Cytoskeleton and cell migration

Leukocyte transendothelial migration C=118;O=5;E=0.69;R=7.20;rawP=0.0007;adjP=0.0012

Regulation of actin cytoskeleton C=216;O=6;E=1.27;R=4.72;rawP=0.0019;adjP=0.0023

Focal adhesion C=201;O=5;E=1.18;R=4.22;rawP=0.0070;adjP=0.0081

Phagocytosis

Endocytosis C=187;O=6;E=1.10;R=5.45;rawP=0.0009;adjP=0.0014

Fc gamma R-mediated phagocytosis C=97;O=4;E=0.57;R=7.00;rawP=0.0027;adjP=0.0032

Natural killer cell mediated cytotoxicity C=137;O=4;E=0.81;R=4.96;rawP=0.0090;adjP=0.0095

Metabolism

Glycolysis/Gluconeogenesis C=62;O=7;E=0.37;R=19.17;rawP=8.47e-08;adjP=5.93e-07

Metabolic pathways C=1104;O=18;E=6.50;R=2.77;rawP=0.0001;adjP=0.0002

Oxidative phosphorylation C=135;O=4;E=0.80;R=5.03;rawP=0.0085;adjP=0.0094

Miscellaneous

Prion diseases C=35;O=5;E=0.21;R=24.26;rawP=1.92e-06;adjP=1.01e-05

Bladder cancer C=42;O=5;E=0.25;R=20.22;rawP=4.86e-06;adjP=1.97e-05

Long-term depression C=70;O=5;E=0.41;R=12.13;rawP=6.04e-05;adjP=0.0002

Endometrial cancer C=52;O=4;E=0.31;R=13.06;rawP=0.0003;adjP=0.0006

Oocyte meiosis C=114;O=5;E=0.67;R=7.45;rawP=0.0006;adjP=0.0010

Glioma C=65;O=4;E=0.38;R=10.45;rawP=0.0006;adjP=0.0010

Alzheimer's disease C=169;O=6;E=1.00;R=6.03;rawP=0.0005;adjP=0.0010

Melanoma C=71;O=4;E=0.42;R=9.57;rawP=0.0008;adjP=0.0013

Axon guidance C=129;O=5;E=0.76;R=6.58;rawP=0.0010;adjP=0.0015

Tight junction C=134;O=5;E=0.79;R=6.34;rawP=0.0012;adjP=0.0017
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at an early stage of HIV infection with significant con-
tribution of M/Mφ lineages.

Additional files

Additional file 1: Significantly differentially expressed gene
between the PBMCs from healthy controls and HIV-infected
patients.

Additional file 2: Representation of gene ontology biological
processes of mRNA profiles.

Competing interests
The authors declare that they have no competing interests.

Authors’ contribution
LZ fully drafted the short report. VC and PG carried out part of the technical
work. NKS conceived, designed, supervised and coordinated the study, along
with providing assistance with drafting the manuscript. All authors read and
approved the final manuscript.

Acknowledgements
The work was funded by the Judith Mason Foundation, Victoria, Australia to
NKS.

Received: 12 March 2012 Accepted: 4 December 2012
Published: 16 December 2012

References
1. Cysique LA, Maruff P, Brew BJ: Antiretroviral therapy in HIV infection: are

neurologically active drugs important? Arch Neurol 2004, 61:1699–1704.
2. Baine MJ, Chakraborty S, Smith LM, Mallya K, Sasson AR, Brand RE, Batra SK:

Transcriptional profiling of peripheral blood mononuclear cells in
pancreatic cancer patients identifies novel genes with potential
diagnostic utility. PLoS One 2011, 6:e17014.

3. Tang BM, McLean AS, Dawes IW, Huang SJ, Lin RC: Gene-expression
profiling of peripheral blood mononuclear cells in sepsis. Crit Care Med
2009, 37:882–888.

4. Hakonarson H, Bjornsdottir US, Halapi E, Bradfield J, Zink F, Mouy M,
Helgadottir H, Gudmundsdottir AS, Andrason H, Adalsteinsdottir AE, et al:
Profiling of genes expressed in peripheral blood mononuclear cells
predicts glucocorticoid sensitivity in asthma patients. Proc Natl Acad
Sci U S A 2005, 102:14789–14794.

5. Sumegi J, Barnes MG, Nestheide SV, Molleran-Lee S, Villanueva J, Zhang K,
Risma KA, Grom AA, Filipovich AH: Gene expression profiling of peripheral
blood mononuclear cells from children with active hemophagocytic
lymphohistiocytosis. Blood 2011, 117:e151–e160.

6. Gentilini D, Perino A, Vigano P, Chiodo I, Cucinella G, Vignali M, Di Blasio AM,
Busacca M: Gene expression profiling of peripheral blood mononuclear
cells in endometriosis identifies genes altered in non-gynaecologic chronic
inflammatory diseases. Hum Reprod 2011, 26:3109–3117.

7. Maes OC, Xu S, Yu B, Chertkow HM, Wang E, Schipper HM: Transcriptional
profiling of Alzheimer blood mononuclear cells by microarray.
Neurobiol Aging 2007, 28:1795–1809.

8. Tacconi S, Perri R, Balestrieri E, Grelli S, Bernardini S, Annichiarico R, Mastino A,
Caltagirone C, Macchi B: Increased caspase activation in peripheral blood
mononuclear cells of patients with Alzheimer's disease. Exp Neurol 2004,
190:254–262.

9. Antinori A, Arendt G, Becker JT, Brew BJ, Byrd DA, Cherner M, Clifford DB,
Cinque P, Epstein LG, Goodkin K, et al: Updated research nosology for
HIV-associated neurocognitive disorders. Neurology 2007, 69:1789–1799.

10. Zhou L, Diefenbach E, Crossett B, Tran SL, Ng T, Rizos H, Rua R, Wang B,
Kapur A, Gandhi K, et al: First evidence of overlaps between HIV-
Associated Dementia (HAD) and non-viral neurodegenerative diseases:
proteomic analysis of the frontal cortex from HIV+ patients with and
without dementia. Mol Neurodegener 2010, 5:27.

11. Wang X, Foryt P, Ochs R, Chung J, Wu Y, Parrish T, Ragin A: Abnormalities
in Resting-State Functional Connectivity in Early Human
Immunodeficiency Virus Infection. Brain Connectivity 2011, 1:11.
12. Tisch S, Brew B: Parkinsonism in hiv-infected patients on highly active
antiretroviral therapy. Neurology 2009, 73:401–403.

13. Saksena NK, Smit TK: HAART & the molecular biology of AIDS dementia
complex. Indian J Med Res 2005, 121:256–269.

14. Zhou L, Rua R, Ng T, Vongrad V, Ho YS, Geczy C, Hsu K, Brew BJ, Saksena NK:
Evidence for predilection of macrophage infiltration patterns in the deeper
midline and mesial temporal structures of the brain uniquely in patients
with HIV-associated dementia. BMC Infect Dis 2009, 9:192.

15. Heng TS, Painter MW: The Immunological Genome Project: networks of
gene expression in immune cells. Nat Immunol 2008, 9:1091–1094.

16. Leonardi A, Caria M, Arata L, Di Geronimo L, Canonica GW, Fudenberg HH:
Evidence of T-lymphocyte functional impairment in Huntington's
disease. Clin Immunol Immunopathol 1986, 39:121–130.

17. Valcour VG, Shiramizu BT, Sithinamsuwan P, Nidhinandana S, Ratto-Kim S,
Ananworanich J, Siangphoe U, Kim JH, de Souza M, Degruttola V, et al:
HIV DNA and cognition in a Thai longitudinal HAART initiation cohort:
the SEARCH 001 Cohort Study. Neurology 2009, 72:992–998.

18. Shiramizu B, Williams AE, Shikuma C, Valcour V: Amount of HIV DNA in
peripheral blood mononuclear cells is proportional to the severity of
HIV-1-associated neurocognitive disorders. J Neuropsychiatry Clin Neurosci
2009, 21:68–74.

19. Shiramizu B, Gartner S, Williams A, Shikuma C, Ratto-Kim S, Watters M,
Aguon J, Valcour V: Circulating proviral HIV DNA and HIV-associated
dementia. Aids 2005, 19:45–52.

20. Shiramizu B, Ratto-Kim S, Sithinamsuwan P, Nidhinandana S, Thitivichianlert S,
Watt G, de Souza M, Chuenchitra T, Sukwit S, Chitpatima S, et al: HIV DNA and
dementia in treatment-naive HIV-1-infected individuals in Bangkok.
Thailand. Int J Med Sci 2007, 4:13–18.

21. Shiramizu B, Paul R, Williams A, Shikuma C, Watters M, Grove J, Valcour V:
HIV proviral DNA associated with decreased neuropsychological
function. J Neuropsychiatry Clin Neurosci 2007, 19:157–163.

22. Burdo TH, Soulas C, Orzechowski K, Button J, Krishnan A, Sugimoto C,
Alvarez X, Kuroda MJ, Williams KC: Increased monocyte turnover from
bone marrow correlates with severity of SIV encephalitis and CD163
levels in plasma. PLoS Pathog 2010, 6:e1000842.

23. D'Mello C, Le T, Swain MG: Cerebral microglia recruit monocytes into the
brain in response to tumor necrosis factoralpha signaling during
peripheral organ inflammation. J Neurosci 2009, 29:2089–2102.

24. Djukic M, Mildner A, Schmidt H, Czesnik D, Bruck W, Priller J, Nau R, Prinz M:
Circulating monocytes engraft in the brain, differentiate into microglia
and contribute to the pathology following meningitis in mice.
Brain 2006, 129:2394–2403.

doi:10.1186/1743-422X-9-308
Cite this article as: Zhou et al.: Why are the neurodegenerative disease-
related pathways overrepresented in primary HIV-infected peripheral
blood mononuclear cells: a genome-wide perspective. Virology Journal
2012 9:308.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.biomedcentral.com/content/supplementary/1743-422X-9-308-S1.csv
http://www.biomedcentral.com/content/supplementary/1743-422X-9-308-S2.pptx

	Abstract
	Findings
	Conclusions
	Additional files
	Competing interests
	Authors’ contribution
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


