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Abstract
Various biomarkers have been suggested as associative or predictive of HIV-associated
neurocognitive impairment. Plasma levels of monocyte chemoattractant protein 1 (MCP-1), tumor
necrosis factor α(TNF-α), and hematocrit were evaluated for relationships with diffusion tensor
imaging measurements of centrum semiovale, caudate, and putamen. MCP-1 levels correlated with
tissue status (mean diffusivity) in all examined regions. Plasma markers were also significantly
correlated with anisotropy measurements in centrum semiovale (TNF-α) and putamen (hematocrit).

Diffusion tension imaging (DTI) exploits the random translational movements of water
molecules as a noninvasive mechanism for probing brain regions of interest (ROIs).1 This
strategy can be used to derive putative measurements of tissue injury in vivo. Diffusion
abnormalities have been detected in patients with HIV, and DTI measurements correlate with
cognitive status.2 Markers of immune activation, monocyte chemoattractant protein 1
(MCP-1), and tumor necrosis factor α (TNF-α) and of anemia (hematocrit) have been identified
as potential determinants of HIV-dementia (HIV-D).3 This investigation examined
relationships between MCP-1, TNF-α, and hematocrit levels in plasma and measurements of
the direction-dependent (anisotropy) and mean diffusivity quantified for regions that are
vulnerable to injury in patients with HIV, including centrum semiovale, caudate, and putamen.

Methods
Eleven medically stable participants of the Northeast AIDS Dementia cohort study were
evaluated (age 49.5 ± 7.3 years; nine men, two women). Exclusion criteria included history of
neurologic disorders, stroke, head trauma, opportunistic CNS infection, psychosis at entry, or
magnetic resonance contraindications. Seropositivity was confirmed by ELISA and Western
blot. CD4 counts ranged from 24 to 427/mm3; plasma viral load ranged from undetectable to
154,938 copies/mL. All subjects were on antiretroviral regimens; nine were receiving protease
inhibitors. Memorial Sloan-Kettering (MSK) dementia severity ratings for the sample were as
follows: 0.5 (n = 6), 1 (n = 4), and 2 (n = 1). MCP-1 (ng/mL) and TNF-α (pg/mL) levels were
determined using commercial kits (Quantikine ELISA).

Magnetic resonance studies were performed on a 1.5-T twin-speed unit (Milwaukee, WI). A
quadrature birdcage head coil was used for radio frequency transmission and signal reception.
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DTI was performed with an echo planar sequence and bandwidth of ±125 kHz using dual spin
echo to minimize distortion. Diffusion encoding was applied along six directions with a b-
value of 1,000 seconds/mm2. A b = 0 reference image was also acquired. The entire brain was
imaged using 22 contiguous 7-mm axial sections (fov 24 cm, matrix 128 × 128, TR/NEX
7,000/4). Custom software was used for image analysis (DPTools, Paris, France). Mean
diffusivity and fractional anisotropy were calculated according to standard equations.1 ROI
placement is shown in figure 1.

Results
Relationships between the plasma and DTI variables were evaluated using Pearson correlation
coefficients (SPSS, Chicago, IL). For centrum semiovale, correlations were identified between
mean diffusivity and MCP-1 (r = −0.69, p = 0.03) and between fractional anisotropy and TNF-
α (r =−0.71, p =0.03). For caudate, mean diffusivity was correlated with MCP-1 (r = −0.79,
p = 0.007). For putamen, correlations were identified between mean diffusivity and MCP-1
(r = −0.63, p = 0.05) and between fractional anisotropy and hematocrit (r = 0.59, p = 0.05).
No other significant relationships were identified.

Discussion
Plasma levels of the β chemokine, MCP-1, were significantly correlated with tissue injury in
all brain regions examined, including centrum semiovale, caudate, and putamen. MCP-1 levels
in the HIV patients were consistent with the considerably higher than normative values reported
in HIV-D.3 MCP-1 measurements were inversely correlated with mean diffusivity in
subcortical regions; higher MCP-1 levels generally corresponded to lower mean diffusivity
(figure 2).

The mean diffusivity is a biophysical measurement of the apparent mobility of protons in an
interrogated region. Membranes, membrane permeability, and the relative volume and
morphology of the extracellular space are determinants of this measurement.1 MCP-1 plays a
role in both acute and chronic inflammation. Increased plasma MCP-1 levels may correspond
to more active or acute inflammation in subcortical regions. Generally, acute inflammatory
processes restrict displacements of protons, reducing the mean diffusivity. Glial cell swelling,
astrocytosis, hypertrophy of astrocytes and altered extracellular volume owing to distribution
of viral proteins and the ionic composition of surrounding cells are possible neuropathologic
changes in HIV-D patients4 that may reduce diffusion. Spectroscopy studies have found that
markers of glial activation correlate with CSF MCP-1 levels in patients with HIV.5,6

As plasma MCP-1 levels declined, the corresponding mean diffusivity values tended to
increase. This pattern may reflect advancing or irreversible injury corresponding to chronic
immune activation or burnt-out inflammation. Altered expression of chemokines such as
MCP-1 may contribute to neurodegeneration in HIV patients through bystander effects,
presumably by attracting monocyte macrophages into the brain, which then release
proinflammatory cytokines or neurotoxic HIV proteins.4 Atrophic tissue changes (e.g.,
apoptosis of astrocytes and neurons in patients with HIV) are associated with expanded
extracellular space and increased mobility of protons.1

Significant correlations were also found between plasma markers and anisotropy
measurements. Anisotropy measurements reflect injury to highly aligned cellular structures
and may be sensitive to white matter alterations (e.g., injury to axons or replacement of axonal
fibers with less ordered cells, such as glial cells).1 Reduced hematocrit, a marker of anemia,
was significantly correlated with anisotropy measurements acquired in putamen. Anemia is
among the limited number of risk factors that have been identified for HIV-D (see McArthur
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et al.4 for a discussion), and reduced hematocrit has been associated with incident HIV-D in
the highly active antiretroviral therapy treatment era.3 These findings implicate white matter
alterations in basal ganglia, particularly in putamen, in this risk relationship. Increased TNF-
αin plasma was significantly correlated with loss of white matter integrity in centrum semiovale
(figure 3). Plasma levels of TNF-α are also predictive of temporal progression to HIV-D.3

Monocyte chemoattractant protein 1 levels are increased in the CSF of HIV-D patients.7,8
Significant prognostic relationships have been identified between CSF MCP-1 levels and HIV-
D; however, findings for plasma MCP-1 have been inconsistent.3,5 MCP-1 levels in plasma
may not bear a linear relationship to neurologic progression. It has been suggested, for example,
that increased systemic MCP-1 may confer partial protection from initial viral infection but
play a detrimental role after infection is established, contributing to accelerated disease
progression and increased risk of HIV-D.9 The risk associated with peripheral MCP-1 levels
may depend on degree of immunosuppression or other factors. An MCP-1 allele has been
identified that is associated with increased levels in serum and a 4.5-fold increased risk of HIV-
D.9 This genotype may represent a host factor underlying individual differences in MCP-1
expression and in vulnerability to dementia in patients with HIV.9

Enhanced levels of MCP-1 and of TNF-αin plasma may contribute to brain injury by
influencing monocyte ingress in late stages of infection. Escalation in trafficking of activated
and HIV-infected monocytes into the brain may initiate prolonged or self-sustaining states of
deleterious immune activation.10 Infiltrating monocytes accumulate within the perivascular
space, activating microglia and other macrophages. Activated cells produce proinflammatory
cytokines and other mediators of inflammation, including chemokines that attract more
monocytes into the brain. Activation of brain macrophages and microglia infected with HIV
may also initiate virus replication with consequent production of neurotoxic HIV proteins.
Prolonged or unrelenting stimulation of macrophages may result in extensive injury to brain
tissue. This study identified significant correlations between MCP-1 in plasma and tissue
alterations in all studied regions of deep white matter and basal ganglia. Inhibitors of MCP-1
or its principal receptor may represent targets for therapeutic intervention. These findings,
however, are based on a small sample of patients, and a larger, longitudinal study will be
necessary to clarify prognostic relationships between plasma markers and localized brain injury
in patients with HIV.
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Figure 1.
Regions of interest (ROIs) for putamen and caudate nuclei as shown on an axial slice through
interventricular foramen (top). ROIs for centrum semiovale were placed on an axial slice above
the bilateral ventricles (bottom). ROI (43 mm2) measurements were acquired in each
hemisphere and then averaged.
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Figure 2.
Relationship between monocyte chemoattractant protein 1 (MCP-1) and mean diffusivity
(MD) for each region.
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Figure 3.
Relationship between tumor necrosis factor α (TNF-α) and anisotropy in deep white matter.
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