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Objective: The relationships between neurometabolites
and macrophage chemoattractant protein (MCP-1) in
serum and cerebrospinal fluid (CSF) were evaluated in
HIV patients before and after antiretroviral treatment.
Design: Prior studies found higher CSF MCP-1 levels in
patients with HIV-associated dementia compared to
those in neuroasymptomatic. We hypothesized that CSF
MCP-1 levels would correlate inversely to neuronal
metabolites [including N-acetyl compounds, gluta-
mate+glutamine, as assessed by principal component
analyses (PCA)] and positively to glial metabolites
(including myo-inositol and choline compounds).
Methods: Thirty-nine antiretroviral-naive HIV patients
were evaluated prospectively with proton magnetic reso-
nance spectroscopy (‘"H MRS), and serum and CSF MCP-1
measurements prior to highly active antiretroviral
therapy (HAART); 31 of these patients completed follow-
up studies after 3 months of HAART but only 24 had
follow-up CSF studies.

Results: After HAART, brain metabolites and clinical signs
showed no change despite improvements in systemic
(CD4 counts, plasma viral load, MCP-1) and CSF (viral
load and MCP-1) variables. CSF, but not serum, MCP-1
levels correlated inversely with the neuronal component
(from PCA) prior to treatment (r=-0.59, P=0.0008).
Conversely, after 3 months of HAART, the glial compo-
nent (from PCA) correlated positively with CSF MCP-1
levels (r=0.70, P=0.0002; ANCOVA interaction for treat-
ment status, P=0.003).

Conclusions: These findings suggest that higher CSF
MCP-1 levels are associated with neuronal dysfunction in
untreated patients. After 3 months of HAART, the
decreased systemic factors (viral burden, systemically
derived MCP-1) no longer associate with neuronal
dysfunction, but subjects with the strongest glial
response in the brain continue to produce the highest
levels of MCP-1.

Introduction

HIV patients with normal-appearing structural brain
imaging may demonstrate abnormalities in cerebral
blood flow [1-3], cerebral glucose metabolism [4,5],
brain activation [6,7] and neurometabolites [8-15].
The neurometabolite abnormalities measured with in
vivo proton magnetic resonance spectroscopy (‘H
MRS) in HIV patients include decreases in the
neuronal marker N-acetyl compounds [NA] and eleva-
tion of the putative glial markers, myo-inositol [MI]
and choline compounds [CHO]. These metabolite
abnormalities may be reversible with antiretroviral
[16,17] or neuroprotective treatment [18], and thus
may serve as clinically useful non-invasive surrogate
markers to monitor the effects of treatment on the
brain pathology of HIV-infected individuals. However,
the relationships between these neuroimaging
measures and systemic factors are not well understood.
Simultaneous assessments of plasma and cerebrospinal
fluid (CSF) viral loads, immune markers and
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neuroimaging data in the same individuals should
provide valuable insights into the pathogenesis of HIV-
associated brain injury.

Several reports have shown strong relationships
between several neurometabolites measured by
'HMRS, and CD4 count, AIDS dementia stage
[9,12-14] or neuropsychological tests [19]; however,
the relationships between these brain metabolites, and
systemic or central nervous system (CNS) chemokine
levels have not been evaluated. Since the effect of anti-
retroviral medications on the immune status in HIV
patients may differ depending on treatment regimen,
duration and the degree of viral suppression, the
assessment of this relationship in medication-naive
patients before and after treatment would be optimal.

In vitro and human studies strongly indicate that a
major pathway for neuropathogenesis of HIV
dementia is CNS invasion by HIV-infected and unin-
fected monocytic cells. Monocytes release or transport
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neurotoxic proteins (Tat, gp120, cytokines) that may
lead to neuronal dysfunction and glial activation. The
mechanisms responsible for an increase in the number
of monocytes within the CNS are likely to be multiple,
including activation of circulating monocytes, as well
as monocytic and brain parenchymal cell release of
blood-brain barrier degrading proteases [20].
Numerous studies suggest that localized expression of
select adhesion molecules and chemokines is also crit-
ical, and of the latter, the release of monocyte
chemoattractant protein 1 (MCP-1) may be especially
important. MCP-1 is a CC chemokine that is released
by cells including astrocytes, which are particularly
numerous in the CNS, as well as by neurons, mono-
cyte-derived cells and endothelial cells [21]. A variety
of stimuli can increase MCP-1 release and interestingly,
animal studies have shown that even peripheral blood
injection of pro-inflammatory cytokines is followed by
a rapid increase in MCP-1 expression by brain astro-
cytes [22]. MCP-1 regulates the migration of
peripheral blood mononuclear cells through the
blood-brain barrier [23] and exacerbates the cascade
of toxin release that further recruits infected cells into
the brain. As compared to other monocyte chemoat-
tractants, which include RANTES, macrophage
inflammatory protein-1o. (MIP-1a), MIP-18, MCP-2f
and MCP-3, MCP-1 is the most potent [24]. It has also
been suggested that this particular chemokine may be
uniquely essential to monocyte recruitment in vivo
[25,26]. Moreover, elevated levels of MCP-1 may be
associated with the Th1 to Th2 shift that favours AIDS
progression [25].

MCP-1 is elevated in the brains of AIDS dementia
patients [27], and an MCP-1 promoter polymorphism
that is associated with increased MCP-1 expression is
associated with accelerated HIV disease progression
and increased risk for HIV dementia [28]. Elevated
CSF MCP-1 in HIV patients also correlates with high
CSE, but not plasma, HIV RNA levels [29] and with
high CSF-to-plasma HIV RNA ratio [30].

Emerging data indicate that MCP-1 in the CNS
leads to selective monocyte recruitment that might
exacerbate neuronal injury in a variety of diseases,
including stroke [31], Alzheimer’s disease [32] and
various trauma models [21,33]. Similarly, in HIV
patients, CSF MCP-1 levels correlated with clinical
staging of dementia [27,34], and in simian
immunodeficiency virus (SIV)-infected macaques,
elevated MCP-1 levels in CSF preceded and predicted
moderate or severe encephalitis [35]. In addition to the
monocyte infiltration and repair process by reactive
astrogliosis in response to neuronal injury, the neuro-
toxic protein released by HIV-infected cells can further
stimulate astrocytes to release MCP-1 [23,27].
Therefore, higher CSF MCP-1 levels would likely be
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related to greater neuronal injury and glial response in
HIV-infected individuals.

This study aims to determine prospectively the rela-
tionship between MCP-1 levels and cerebral
metabolites measured on 'H MRS in antiretroviral-
naive HIV patients before and after 3 months of
treatment with highly active antiretroviral therapy
(HAART). This study also extends our prior observa-
tion that metabolite abnormalities and cognitive deficits
persist 3 months after HAART [36]. Since higher MCP-
1 levels in the brains of HIV patients likely lead to more
neuronal injury and glial response, we hypothesized
that CSF MCP-1 levels would correlate inversely with
neuronal metabolites (such as, [NA], glutamate+gluta-
mine [GLX]) and positively with glial metabolites (such
as, [MI] and [CHO]) in antiretroviral-naive HIV
patients. In addition, we expected that MCP-1 levels
would decrease, but brain metabolite abnormalities
measured on MRS would persist, after 3 months of
HAART; hence, MCP-1 would not correlate with brain
metabolites after treatment.

Methods

Subjects

Thirty-nine HIV patients naive to antiretroviral
medications (36 men and three women, age 34.9 =1.5
years) were recruited for this prospective study.
Subjects were recruited from an UCLA-affiliated
county hospital, Harbor-UCLA Medical Center, as
well as from the local community by word-of-mouth
and advertisements. The subjects were ethnically and
racially diverse, including 26 Caucasians (16 Hispanic
and 10 non-Hispanic), 11 African-Americans (two
Hispanics) and two Asians. Prior to enrolment, all
subjects were carefully screened by a neurologist and
had screening blood and urine tests to ensure they
fulfilled the inclusion criteria: 1) age 18-65 years; 2)
seropositive for HIV-1; 3) CD4 <500/mm?; 4) naive to
antiretroviral medications; 5) negative urine toxi-
cology screen (cocaine, amphetamine, marijuana,
benzodiazepine, barbiturates and opiates); and 6) will-
ingness and ability to give informed consent or have it
given by a valid representative. In addition, subjects
were excluded if they fulfilled any of the following
criteria: 1) history of psychiatric illness that might
confound the analysis of the study (for example,
schizophrenia, major depression); 2) presence of
opportunistic brain lesions (for example, toxoplas-
mosis, lymphoma and progressive multifocal
leukoencephalopathy); 3) confounding neurological
disorder (for example, multiple sclerosis, Parkinson’s
disease, degenerative brain diseases, any other brain
infections or neoplasms); 4) severe hepatic or renal
dysfunction; 5) current or history of drug dependence
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(including cocaine, methamphetamine, alcohol,
opiates, inhalants and barbiturates); 6) head trauma
with loss of consciousness for more than 30 min; 7)
for women: pregnant or breast-feeding; 8) metallic or
electronic implants in the body (such as, pacemaker,
surgical clips and pumps); or 9) inability to read
English at 8th grade level.

Once enrolled, each HIV patient had baseline
neuropsychological tests, an MRS and a lumbar punc-
ture to determine CSF viral loads and MCP-1 levels.
AIDS dementia complex (ADC) staging required both
the neuropsychological testing and clinical assessments
using the Memorial Sloan Kettering staging for HIV
dementia [37]. Each patient was then begun on
HAART (defined as three or more antiretroviral
medications including at least one protease inhibitor)
and was carefully monitored by nurse practitioners
weekly to ensure compliance with medications. Three
months after stable HAART, each subject was re-eval-
uated neurologically, neuropsychologically, and had
repeat CD4, plasma viral loads and MRS; however,
due to an upgrade on the MR scanner and the reloca-
tion of the research group, eight of the subjects who
participated in the baseline study could not complete
the follow-up studies. Therefore, only 31 HIV patients
had both repeat MRS and serum MCP-1 measure-
ments, and only 26 of these patients consented to the
repeat lumbar puncture (LP) for the CSF MCP-1
measurements, but two of these CSF specimens were
mislabelled and had to be discarded. Of the five
subjects that did not have the follow-up LP, four had
prior post-LP headaches and one could not return due
to scheduling conflicts. Subjects who enrolled in this
MCP-1 study also participated in a larger study, and
their MRS data, neuropsychological tests and compar-
isons with seronegative subjects have been reported in
part previously [19,36]. All subjects signed an
informed consent approved by the Institutional Review
Board for Human Subjects Research at Harbor-UCLA
Medical Centre, which is in accord with the
Declaration of Helsinki.

MR studies

The MR studies were performed on a 1.5-Tesla scanner
(General Electric Signa, Milwaukee, Wis., USA). Three
imaging sequences were performed: 1) sagittal T1-
weighted localizer (TE/TR 11/500, 4 mm slice
thickness, 1 mm gap, 24 cm FOV); 2) axial fast inver-
sion recovery (TE/T/TR 32/120/4000, 3.5 mm slices,
24 ¢cm FOV); 3) coronal T2-weighted fast spin echo
(TE/TR 102/4000 ms, 5 mm slices, no gap, 24 cm
FOV). Three volumes-of-interest (or voxels, 3—5 ml)
were selected for MRS: medial frontal grey matter, right
frontal white matter and right basal ganglia. Data were
acquired using a point resolved spectroscopy (PRESS)
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sequence optimized for assessing frontal and subcortical
brain regions (TE 30 ms, TR 3 s, 64 averages, 2048
data points and 2.5 kHz bandwidth) [38,39].
Metabolite concentrations of NA, total creatine [CR],
[CHO], [MI] and [GLX] were determined using a
previously described method [40,41], which includes a
correction for the partial volume of CSF (%CSF) in
each voxel. A well-validated semi-automatic
programme was used to analyze the spectra [40,41].

MCP-1 measurements

Serum and CSF from each patient were kept frozen at
—~70°C until all samples from baseline and 3 months
after HAART had been collected. The MCP-1 assay was
then performed on all specimens. MCP-1 levels were
measured with a commercial assay using a quantitative
sandwich enzyme immunoassay technique (Quantikine,
human MCP-1, R&D Systems, Minneapolis, Minn.,
USA) with a detection limit of § pg/ml.

Statistical analyses

Statistical analyses were performed in the Statview
program (SAS Institute). All variables other than HIV
dementia scale, Karnofsky score and ADC stage
showed normality on Kolmogorov-Smirnov tests; viral
loads and MCP-1 levels were log-transformed to obtain
normality. To minimize the number of statistical tests
performed, a principal component analysis (PCA, using
varimax rotations) was performed for the 15 MRS vari-
ables (five variables in three voxels each). The PCA
extracted linear combinations of variables, each of
which is associated with the largest possible variance
after removing the variance of prior principal compo-
nents in a stepwise fashion. The final data analysis was
performed with the first two principal components,
which explained 53% of the variability in the data set.
Such an approach has been applied to another larger
HIV MRS dataset [42] that yielded similar variables for
the components (C Yiannoutsos, personal communica-
tion). Simple linear regression analyses were then
performed (for variables before and after 3 months of
HAART) between log serum and CSF MCP-1 levels and
the two principal MRS components, a glial component
and a neuronal/basal ganglia component. Additional
post-hoc linear regressions were performed between log
MCP-1 and those MRS variables that had the strongest
contributions to principal components with significant
correlations. Non-parametric Spearman correlations
were performed between MCP-1 levels and variables
that were not distributed normally (ADC stage,
Karnofsky score, HIV dementia scale).

Additionally, analyses of covariance (ANCOVAs)
were performed, using each principal component as
dependent variable, treatment status as a factor and the
logarithm of MCP-1 as a covariate, in order to deter-
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mine the potential effect of HAART on the relationship
between MCP-1 and MRS variables. To evaluate a
potential interaction between the glial and neuronal
factors with respect to MCP-1, a two-way ANCOVA
was performed, using individual differences in MCP-1
before and during HAART as dependent variable, and
individual differences in the neuronal and glial factors
as independent variables. The effect of HAART (base-
line versus 3 months of stable treatment) on all
variables (clinical variables, log MCP-1 and principal
components) was determined using paired t-tests for
normally distributed variables, and paired sign tests for
variables that did not follow a normal distribution.

Results

Clinical characteristics

The clinical variables are shown in Table 1. The anti-
retroviral-naive HIV patients had mild dementia as a
group: 23 of the 39 (59%) HIV subjects fulfilled criteria
for dementia (based on clinical and neuropsychological
testing; 15 had ADC stage 1, seven had ADC stage 2,
one had ADC stage 3) and 16 of 39 (41%) were not
demented (seven with ADC stage 0.5 and nine with no
significant cognitive deficits, ADC stage 0). These
medication-naive subjects also had moderately high
levels of plasma and CSF viral loads and mean CD4
count less than 200/mm?®. Duration of HIV diagnosis in
this group was 12.9 =3.9 months, and all contracted
HIV through sexual contacts (27 were homosexual;
three were bisexual and nine were heterosexual).

After 3 months of HAART, ADC stage, Karnofsky
score and HIV dementia scale did not improve signifi-
cantly, although CD4 count rose rapidly, and plasma
and CSF viral loads declined dramatically (Figure 1,
Table 1). The mean CSF MCP-1 levels were higher than
the serum MCP-1 levels before (P<0.0001, on log trans-
formed data) and with HAART (P=0.0007, on log
transformed data). Serum and CSF MCP-1 levels were
higher than the values reported for seronegative
controls in prior studies (typically <200 pg/ml) [27,34],
and both declined significantly after 3 months of
HAART (Figure 1, Table 1). Prior to HAART, the
patients with ADC stage =1 (7=23) had higher CSF, but
not serum, MCP-1 levels (serum: 474 =116 pg/ml; CSF:
842 +162 pg/ml) than those with ADC stage <1 (serum:
466 =125 pg/ml; CSF: 475 =51 pg/ml), but the differ-
ences were not significant (P=0.07). After 3 months of
HAART, serum MCP-1 levels in patients with ADC
stage =1 (279 =61 pg/ml, log 2.3 +0.1) were similarly
decreased compared to patients without dementia (293
+82 pg/ml, log 2.3 £0.1); however, CSF MCP-1 level in
those with ADC stage =1 (462 +46 pg/ml, log 2.6 =0.04
pg/ml) was higher than those with ADC stage <1 (331
+48 pg/ml, log 2.48 +0.06 pg/ml), P=0.05.
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MRS data were evaluated by a PCA, which is a
statistical technique to extract major features from
multi-dimensional data sets, in order to reduce the
dimensionality of the data. The current data set
included 15 MRS variables, which were reduced to
two major principal components by PCA. The main
contributing metabolites (defined as metabolites with
loading >0.4; remaining metabolites had low loading
values, <0.25) to the first principal component were
the CHO and MI concentrations in all three brain
regions (positive loading), CR in the frontal grey and
white matter (positive loading), and NA in the basal
ganglia (negative loading). Since all (MI, CHO and
CR) but one (NA) of these metabolites have approxi-
mately three-times higher concentration in glia
compared to neurons [43], this principal component
was defined as the ‘glial component’. Major contrib-
utors to the second principal component were the NA
concentrations in all three brain regions as well as the
CR and GLX in the basal ganglia (all with positive
loadings). The second principal component was
called the ‘neuronal component’, since it predomi-
nantly involves the concentrations of the neuronal
marker NA, and since neuronal loss or dysfunction
may also be associated with decreased CR and GLX.
Although we named these PCA components as ‘glial’
and ‘neuronal’ components (based on most of the
metabolites that are included in the factor), they do
not reflect the exact number of neurons and glia. The
components are mathematical linear combinations
(sums and differences) of the concentrations of
various metabolites that are grouped together by the
PCA operation, and happen to group into metabolites
that are likely associated with either cell type. In
combination, the glial and neuronal principal compo-
nents explained 53% of the variability in the data set.
The third principal component contributed 13% to
the overall variance and had major loadings only
from mid-frontal CR (negative) and right frontal
GLX (positive); therefore, this component cannot be
interpreted meaningfully and was not used.
Compared to baseline MRS measurements (prior to
treatment), neither the neuronal component nor the
glial component changed significantly after 3 months
of HAART (Figure 1, bottom); however, both the
baseline and follow-up glial components were signifi-
cantly higher compared to those in the controls
(baseline: P=0.01; follow-up: P=0.0008).

Next, linear regressions were performed between
MCP-1 levels and the two major principal components
(Figure 2). Prior to initiation of HAART, log CSF
MCP-1 correlated inversely with the neuronal prin-
cipal component (r=—0.59, P=0.0008), but not with the
glial principal component (r=0.19, P=0.27) (Figure 2).
Conversely, after the patients were on stable HAART
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Figure 1. Changes in serum and CSF MCP-1 levels, plasma and CSF HIV RNA (plasma viral loads), and the neuronal and glial
components (derived from principal component analyses of the metabolite concentrations, see legend in Figure 2) after 3
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for 3 months, log CSF MCP-1 correlated with the glial
principal component (r=0.70, P=0.0002), but not with
the neuronal principal component (r=—0.07, P=0.60).
This reversal in the relationship with log CSF MCP-1
was statistically significant for the glial component
(P=0.003, interaction between treatment status and log
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CSF MCP-1 on ANCOVA, Figure 2), but not for the
neuronal principal component. No interactions
between the glial and neuronal principal components
with respect to MCP-1 were observed on a combined
ANCOVA. Furthermore, serum log MCP-1 levels did
not correlate with any of the brain metabolites.
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Table 1. Clinical variables and MCP-1 levels in HIV patients (mean + SE)

Antiretroviral naive Naive subjects with follow ups ~ 3-months after HAART P-values™
(n=39) (n=31) (n=31)
ADC stage (0-4) 0.91+ 0.12 0.85+0.14 0.76+ 0.12 n.s.
Karnofsky Score (0-100) 85+ 2.1 85+2.4 89+ 1.9 n.s.
HIV Dementia Scale (1-16) 12.6+ 0.6 13.0+ 0.6 12.5+ 0.7 n.s.
CD4 (cells/mm?) 176+ 23 183+ 26 310+ 34 <0.0001
Plasma viral load (copies/ml) 207532+44372 187727+ 49527 1,163+ 629 0.0004
Log plasma viral load (copies/ml) 4.8+ 0.1 4.7+ 0.2 2.4+ 0.1 <0.0001
CSF Viral Load (copies/ml) 6369+ 1352 7500+ 1626 235+ 134 0.0002
Log CSF viral load (copies/ml) 3.3+ 0.1 3.4+ 0.2 1.9+ 0.09 <0.0001
Serum MCP-1
(pg/ml) 471+ 84 541+ 102 285+ 47 0.005
Log serum MCP-1 (pg/ml) 2.5+ 0.07 2.6+ 0.07 2.3+ 0.08 0.0004
CSF MCP-1 (pg/ml) 693+ 102 637+ 81 410+ 36* 0.009
Log CSF MCP-1 (pg/ml) 2.74+ 0.05 2.73+ 0.05 2.58+ 0.04* 0.007

* CSF MCP-1 values were only from 24 of the 26 patients who consented to the repeat lumbar puncture.
** P-values are from paired t-tests of subjects who had both baseline and 3-month data.

Post-hoc regression analyses were performed to
determine the relationship between log CSF MCP-1
and each metabolite that contributed to the two major
principal components. Prior to HAART, log CSF MCP-
1 showed a negative association with the NA in the
frontal grey matter (r=—0.36, P=0.03) and with the
GLX concentration in the basal ganglia (r=-0.5,
P=0.008) (Figure 3, top), as well as positive correlation
with MI in the frontal white matter (r=0.35, P=0.03).
After initiation of HAART, log CSF MCP-1 was posi-
tively correlated with the [MI] in the frontal white
matter (r=0.59, P=0.003) and in the frontal grey matter
(r=0.67, P=0.0005) (Figure 3, bottom).

Correlations between MCP-1 or metabolites with
other clinical variables

CD4 counts correlated negatively with log CSF MCP-
1 (r==0.52, P=0.001) prior to treatment, but the
correlation showed only a trend after HAART
(r=—0.34, P=0.1). No correlation between log serum
MCP-1 and CD4 were observed before or after treat-
ment. CD4 counts also correlated positively with the
neuronal component before (r=0.38, P=0.04) but not
after HAART (r=0.07, P=0.73); this change in the rela-
tionship between CD4 count and neuronal component
did not reach significance (interaction with respect to
treatment status, ANCOVA, P=0.07). Only trends
were observed between CD4 and the glial component
before (r=—0.31, P=0.06) or after (r=—0.32, P=0.08)
HAART.

In addition, log CSF MCP-1 correlated with the
ADC stage before (rho=0.44, P=0.008) and after
HAART (rho=0.49, P=0.02, Spearman correlations),
but not with HIV dementia scale. Log CSF MCP-1 also
correlated inversely (non-parametric Spearman corre-
lation) with the Karnofsky scores before (rho=0.37,
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P=0.03) and after HAART (rho=-0.54, P=0.01,
Spearman correlation). Log serum MCP-1, however,
did not correlate with Karnofsky score, HIV dementia
scale or ADC stage. Log CSF MCP-1 level correlated
with log plasma viral load, but not log CSF viral load,
before (r=0.37, P=0.03) but not after HAART. Serum
MCP-1 level did not correlate with either plasma or
CSF viral load measurements (log transformed data).

Discussion

This prospective treatment study in antiretroviral-
naive HIV patients has three main findings. First, CSF
as well as serum MCP-1 decreased after 3 months of
HAART. Although the decline in MCP-1 levels was
smaller (-0.3 log for serum and -0.15 log for CSF)
than changes in CD4 (+69%) and the suppression of
viral loads in both plasma (-2.3 log) and CSF (-1.5
log) after HAART, the changes in the MCP-1 levels
were significant and appear to reflect a decreased
inflammatory response, both systemically and centrally
for the group. This finding is contrary to recent reports
that found no influence on CSF MCP-1 levels by
HAART, although these studies did not evaluate anti-
retroviral-naive patients [30] or had a smaller sample
size [44]. One study of antiretroviral-naive asympto-
matic HIV patients even found further elevation of CSF
MCP-1 after 8 weeks of HAART despite undetectable
CSF HIV RNA in most patients [45]. This difference in
the CSF MCP-1 responses may reflect the different
follow-up time points (8-48 weeks) compared to our
study (12 weeks), or a more robust CNS immune
response in the asymptomatic patients in the prior
study. Consistent with prior observations, CSF MCP-1
was higher than serum MCP-1, and HIV patients with
lower CD4 counts, higher plasma viral load or neuro-
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Figure 2. The graph shows the significant correlation between the neuronal component and log CSF MCP-1 before treatment
(left) and the correlation between the glial component and log CSF MCP-1 after 3 months of HAART (right)
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Figure 3. Linear regression analyses from post-hoc evaluations showing that HIV patients with higher levels of CSF-MCP-1
levels prior to treatment had lower levels of neuronal metabolites (the neuronal marker [NA] and glutamate+glutamine [GLX])
(top graphs) After treatment, however, HIV patients with higher levels of the glial marker [MI] in frontal grey and frontal white
matter might be expressing higher CSF MCP-1 levels (bottom graphs)
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logical disorder, had higher CSF MCP-1 levels [29,30].
However, unlike earlier studies, we did not observe
significant correlations of serum MCP-1 levels with
CD4 count [46], or with plasma HIV-1 RNA levels
[46,47], before or after HAART. This lack of correla-
tion may be due to the antiretroviral-naive status of the
patient at baseline, as had been observed previously in
a smaller sample of antiretroviral-naive HIV patients
[45]. The lack of correlation may also be due to vari-
ability in patient response to 3 months of treatments or
to the limited sample size in our current study.

The second major observation is that in untreated
HIV patients log CSF MCP-1 levels correlated
inversely, while CD4 correlated positively, with the
‘neuronal metabolites’. These findings suggest that
high levels of CSF MCP-1 and low CD4 are associated
with neuronal dysfunction in untreated HIV patients,
which might have resulted from the higher levels of
neurotoxic proteins and viral particles that were trans-
ported by the monocytes into the CNS. The untreated
patients with higher MCP-1 levels also had poorer
function (HIV dementia scale, Karnofsky score and
ADC stage), which further supports the association
with neuronal dysfunction. These findings are also
consistent with prior studies that found higher CSF
MCP-1 in patients with more severe encephalitis post-
mortem [27,29], and in patients with higher CSF, but
not plasma, HIV RNA [29,30]. In addition, post-hoc
analyses demonstrate associations between log CSF
MCP-1 level and the neuronal marker [NA] in the
frontal cortex, as well as [GLX] in the basal ganglia,
prior to HAART. Since the GLX peak comprises
primarily glutamate, which is predominantly in
neurons [48], decreased GLX also suggests neuronal
loss or dysfunction. Therefore, our findings support
the interpretation that elevated CSF MCP-1 levels are
associated with neuronal dysfunction or loss in anti-
retroviral-naive HIV patients. In contrast, with
decreased MCP-1 levels and successful suppression of
plasma and CSF viral loads after 3 months of HAART,
it is likely that much fewer infected monocytes are
recruited to the CNS, and hence less neurotoxic
proteins that may lead to neuronal injury. Taken
together, these findings argue for early antiretroviral
treatment to minimize neuronal injury in patients
infected with HIV.

The third major finding of this study is that, after 3
months of HAART, CSF MCP-1 correlates with the
metabolite concentrations that comprised the ‘glial
component’, as well as with the glial marker MI in the
frontal white matter and frontal grey matter on post-
hoc analyses. Since astrocytes, the most abundant cells
in the brain, can be induced by neurotoxic proteins such
as HIV-1 Tat to release MCP-1 [27], elevated glial
markers on MRS may be expected to be associated with
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higher CSF MCP-1 levels in HIV patients. However, the
positive correlation between CSF MCP-1 and the glial
component was evident only after 3 months of HAART
but not before treatment. The altered relationship
between CSF MCP-1 and glial MRS markers may indi-
cate a shift from MCP-1 that is produced by both
peripheral cells (that is, macrophages and monocytes)
and glia (such as, astrocytes and microglia) prior to
treatment, to MCP-1 that is released primarily by acti-
vated glia after HAART. Prior to treatment, HIV
patients had higher viral loads and more macrophage
activity with infected monocytes entering the CNS and
contributing to the total MCP-1 release, but do not
appear to have a direct relationship to the glial activity.
After treatment, despite undetectable viral load and
minimal macrophage activity from the periphery, some
glial cells continued to express MCP-1, which is demon-
strated by the relationship between the MRS glial
marker and the CSF MCP-1.

Three months of HAART decreased both grouped
serum and CSF MCP-1 levels; however, some patients
continued to have elevated CSF MCP-1 and even
higher glial activity (on MRS). The high CSF MCP-1
and glial markers may be due to residual viral burden
in the brain despite suppression of the virus in the
blood and CSE. However, persistently elevated glial
activity may also reflect ongoing repair function by the
glial cells [49], rather than a ‘reactive’ inflammatory
response to HIV. In such a model, HIV patients with
the strongest brain immune response at this early stage
of treatment might have the highest glial principal
component on MRS and the highest MCP-1 levels.
This interpretation is supported by a prior observation
that asymptomatic patients with good CSF HIV RNA
suppression had elevated CSF MCP-1 during antiretro-
viral treatments [45]. In addition, MRS studies in
patients with progressive multifocal leukoen-
cephalopathy indicated that those with the strongest
immune response and who entered clinical remission
demonstrated a higher glial response, in the form of
higher glial markers [MI] and [CHO], during the early
months of recovery [50]. Similarly, patients with
multiple sclerosis showed elevated glial markers during
the early months of interferon treatment [51].
However, it remains to be determined whether HIV
patients with the highest glial component and CSF
MCP-1 early in the course of treatment will have the
most rapid improvement and recovery.

This study demonstrates the usefulness of combining
serological markers with iz vivo neuroimaging to assess
the effects of treatment in HIV brain injury. Although
these interesting relationships between MCP-1 and
brain metabolite markers may be an epiphenomenon,
the shift in the stronger correlation between MCP-1 and
neuronal metabolites prior to treatment, to primarily a
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correlation between MCP-1 and the glial metabolites
could also be interpreted as changing from a brain
injury state to a brain repair process. Our findings
suggest that in untreated patients, peripheral factors
(low CD4 counts and high CSF MCP-1 levels) may
lead to neuronal dysfunction. After 3 months of
HAART, the suppression of peripheral factors (unde-
tectable viral loads, decreased systemically derived
MCP-1 and partial reconstitution of the immune
system) no longer leads to ongoing neuronal injury. In
contrast, a clear relationship emerges between glial
metabolites on 'H MRS and CSF MCP-1 during
HAART, in that patients with the strongest glial
response produce the highest levels of CSF MCP-1.
This may indicate ongoing glial repair processes in the
brain. Altogether, our results argue for early antiretro-
viral treatment of HIV to avoid brain injury.

Acknowledgements

This work was supported by the NIH [Scientist
Development Award for Clinicians for LC (K20-
DA00280); RO01-NS38834 and GCRC MOI1-
RR00425]. We are grateful to the HIV patients who
volunteered in this study and to Dr Mallory Witt for
referring many of these patients to the parent study. We
also thank the anonymous reviewers for their helpful
suggestions.

References

1. Tatsch K, Schielke E, Bauer WM, Markl A, Einhaupl KM
& Kirsch CM. Functional and morphological findings in
early and advanced stages of HIV infection. A comparison
of 99mTc-HMPAO SPECT with CT or MRI studies.
Nuklearmedizin 1990; 29:252-258.

2. Masdeu JC, Yudd A, Van Heertun RL Grundman M,
Hriso E, O'Connell RA, Luck D, Camli U & King LN.
Single photon emission computed tomography in human
immunodeficiency virus encephalopathy: a preliminary
report. Journal of Nuclear Medicine 1991;
32:1471-1475.

3. Chang L, Ernst T, Leonido-Yee M & Speck O. Perfusion
MRI Detects rCBF Abnormalities in Early Stages of HIV-
Cognitive Motor Complex. Neurology 2000; 54:389-396.

4. Rottenberg DA, Sidtis JJ, Strother SC Schaper KA,
Anderson JR, Nelson MJ & Price RW. Abnormal cerebral
glucose metabolism in HIV-1 seropositive subjects with and
without dementia. Journal of Nuclear Medicine 1996;
37:1133-1141.

5. Villemagne V, Phillips R, Liu X Gilson SE, Dannals RF,
Wong DEF, Harris PJ, Ruff M, Pert C, Bridge P & London
ED. Peptide T and glucose metabolism in AIDS dementia
complex. Journal of Nuclear Medicine 1996;
37:1177-1180.

6. Chang L, Speck O, Miller E, Braun J, Jovicich J, Koch C, Itti
L & Ernst T. Neural correlates of attention and working
memory deficits in HIV patients. Neurology 2001;
57:1001-1007.

7. Ernst T, Chang L, Jovicich J, Ames N & Arnold S.
Abnormal brain activation on functional MRI in cogni-
tively asymptomatic HIV patients. Neurology 2002;
59:1343-1349.

Antiviral Therapy 9:3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Antiviral alters MCP-1 correlation with MRS in HIV

Jarvik JG, Lenkinski RE, Grossman RI, Gomori JM,
Schnall MD & Frank I. Proton MR spectroscopy of HIV-
infected patients: characterization of abnormalities with
imaging and clinical correlation. Radiology 1993;
186:739-744.

Chong WK, Sweeney B, Wilkinson ID Paley M, Hall-
Craggs MA, KendaerE, Shepard JK, Beeczam M, Miller
RE, Weller IV et al. Proton spectroscopy of the brain in
HIV infection: correlation with clinical, immunologic and
MR imaging findings. Radiology 1993; 188:119-124.

Barker PB, Lee RR & McArthur JC. AIDS dementia
complex: evaluation with proton MR spectroscopic
imaging. Radiology 1995; 195:58-64.

Laubenberger J, Haussinger D, Bayer S Thielemann S,
Schneider B, Mundinger A, Hennig J & Langer M. HIV-
related metabolic abnormalities in the brain: Depiction
with proton MR spectroscopy with short echo times.
Radiology 1996; 199:805-810.

Paley M, Cozzone P, Alonso ], Vion-Dury ], Confort-
Gouny S, Wilkinson ID, Chong WK, Hall-Craggs MA,
Harrison MJ, Gili J, Rovira A, Capellades J, Rio ],
Ocana I, Nicoli F, Dhiver C, Gastaut JL, Gastaut JA,
Wicklow K & Sauter R. A multicenter proton magnetic
spectroscopy study of neurological complications of
AIDS. AIDS Research & Human Retroviruses 1996;
12:213-222.

Tracey I, Carr CA, Guimaraes AR, Worth JL, Navia BA &
Gonzalez RG. Brain choline-containing compounds are
elevated in HIV-positive patients before the onset of AIDS
dementia complex: a proton magnetic resonance spectro-
scopic study. Neurology 1996; 46:783-788.

Chang L, Ernst T, Leonido-Yee M, Walot I & Singer E.
Cerebral metabolite abnormalities correlate with clinical
severity of HIV-cognitive motor complex. Neurology 1999;
52:100-108.

Meyerhoff D, Bloomer C, Cardenas V, Norman D, Weiner
M & Fein G. Elevated subcortical choline metabolites in
cognitively and clinically asymptomatic HIV+ patients.
Neurology 1999; 52:995-1003.

Wilkinson ID, Lunn S, Miszkiel KA, Miller RF, Paley MN,
Williams I, Chinn R], Hall-Craggs MA, Newman SP,
Kendall BE & Harrison M]J. Proton MRS and quantitative
MRI assessment of the short term neurological response to
antiretroviral therapy in AIDS. Journal of Neurology,
Neurosurgery & Psychiatry 1997; 63:477-482.

Chang L, Ernst T, Leonido-Yee M, Witt M, Speck O,
Walot I & Miller EN. Highly active antiretroviral yherapy
reverses brain metabolite abnormalities in mild HIV
dementia. Neurology 1999; 53:782-789.

Navia B, Yiannoutsos C, Chang L et al. A phase II
randomized, double-blind, placebo-controlled trial of
memantine for AIDS dementia complex (ADC). 53rd
American Academy of Neurology. Philadelphia, Pa., USA,
5-11 May 2001.

Chang L, Ernst T, Witt M, Ames N, Gaiefsky M & Miller
E. Relationships among cerebral metabolites, cognitive
function and viral loads in antiretroviral-naive HIV
patients. Neuroimage 2002; 17:1638-1648.

Vos C, Gartner S, Ransohoff R, McArthur JC, Wahl L,
Sjulson L, Hunter E & Conant K. Matrix metalloprotease-
9 release from monocytes increases as a function of
differentiation: implications for neuroinflammation and
neurodegeneration. Journal of Neuroimmunology 2000;
109:221-227.

Huang D, Han Y, Rani M, Glabinski A, Trebst C, Sorensen
T, Tani M, Wang J, Chien P, O'Bryan S, Bielecki B, Zhou
ZL, Majumder S & Ransohoff RM. Chemokines and
chemokine receptors in inflammation of the nervous
system: manifold roles and exquisite regulation.
Immunology Reviews 2000; 177:52-67.

Thibeault I, Laflamme N & Rivest S. Regulation of the
gene encoding the monocyte chemoattractant protein 1
(MCP-1) in the mouse and rat brain in response to circu-
lating LPS and proinflammatory cytokines. Journal of
Comparative Neurology 2001; 434:461-477.

439



L Chang et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Weiss J, Nath A, Major E & Berman J. HIV-1 Tat induces
monocyte chemoattractant protein-1-mediated monocyte
transmigration across a model of the human blood-brain
barrier and up-regulates CCRS expression on human
monocytes. Journal of Immunology 1999; 163:2953-2959.

Uguccioni M, D’Apuzzo M, Loetscher M, Dewald B &
Baggiolini M. Actions of the chemotactic cytokines MCP-1,
MCP-2, MCP-3, RANTES, MIP-1 alpha and MIP-1 beta
on human monocytes. European Journal of Immunology
1995; 25:64-68.

Gu L, Tseng S, Horner R, Tam C, Loda M & Rollins B.
Control of TH2 polarization by the chemokine monocyte
chemoattractant protein-1. Nature 2000; 404:407-411.

Ransohoff R. Chemokines in neurological disease models:
correlation between chemokine expression patterns and
inflammatory pathology. Journal of Leukocyte Biology
1997; 62:645-652.

Conant K, Garzino-Demo A, Nath A, McArthur JC,
Halliday W, Power C, Gallo RC & Major EO. Induction
of monocyte chemoattractant protein-1 in HIV-1 tat-stimu-
lated astrocytes and elevation in AIDS dementia.
Proceedings of the National Academy of Sciences, USA
1998; 95:3117-3121.

Gonzalez E, Rovin BH, Sen L, Cooke G, Dhanda R,
Mummidi S, Kulkarni H, Bamshad M], Telles V, Anderson
SA, Walter EA, Stephan KT, Deucher M, Mangano A,
Bologna R, Ahuja SS, Dolan MJ & Ahuja SK. HIV-1 infec-
tion and AIDS dementia are influenced by a mutant
MCP-1 allele linked to increased monocyte infiltration of
tissues and MCP-1 levels. Proceedings of the National
Academy of Sciences, USA 2002; 99:13795-13800.

Cinque P, Vago L, Mengozzi M, Torri V, Ceresa D, Vicenzi
E, Transidico P, Vagani A, Sozzani S, Mantovani A,
Lazzarin A & Poli G. Elevated cerebrospinal fluid levels of
monocyte chemotactic protein-1 correlate with HIV-1
encephalitis and local viral replication. Acquired
Immunodeficiency Syndrome 1998; 12:1327-1332.

De Luca A, Ciancio B, Larussa D, Murri R, Cingolani A,
Rizzo MG, Giancola ML, Ammassari A & Ortona L.
Correlates of independent HIV-1 replication in the CNS
and of its control gy antiretrovirals. Neurology 2002;
59:342-347.

Chen Y, Hallenbeck J, Ruetzler C, Bol D, Thomas K,
Berman NE & Vogel SN. Overexpression of monocyte
chemoattractant protein 1 in the brain exacerbates
ischemic brain injury and is associated with recruitment of
inflammatory cells. Journal of Cerebral Blood Flow &
Metabolism 2003; 23:748-755.

Ishizuka K, Kimura T, Igata-yi R, Katsuragi S, Takamatsu J
& Miyakawa T. Identification of monocyte chemoattrac-
tant protein-1 in senile plaques and reactive microglia of
Alzheimer's disease. Psychiatry & Clinical Neurosciences
1997; 51:135-138.

Glabinski A, Balasingam V, Tani M, Kunkel SL, Strieter
RM, Yong VW & Ransohoff RM. Chemokine monocyte
chemoattractant protein-1 is expressed by astrocytes after
mechanical injury to the brain. Journal of Immunology
1996; 156:4363-4368.

Kelder W, McArthur ], Nance-Sproson T, McClernon D &
Griffin D. Beta-chemokines MCP-1 and RANTES are selec-
tively increased in cerebrospinal fluid of patients with
human immunodeficiency virus-associated dementia.
Annals of Neurology 1998; 44:831-835.

Zink M, Coleman G, Mankowski J, Adams R]J, Tarwater
PM, Fox K & Clements JE. Increased macrophage
chemoattractant protein-1 in cerebrospinal fluid precedes
and predicts simian immunodeficiency virus encephalitis.
Journal of Infectious Diseases 2001; 184:1015-1021.

Chang L, Ernst T, Witt M, Ames N, Walot I, Jovicich J,
DeSilva M, Trivedi N, Speck O & Miller EN. Persistent brain
abnormalities in antiretroviral-naive HIV patients three-
months after HAART. Antiviral Therapy 2003; 8:17-26.

440

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

Received 28 July 2003, accepted 27 February 2004

Aronow HA, Brew BJ & Price RW. The management of the
neurological complications of HIV infection and AIDS.
Acquired Immunodeficiency Syndrome 1988; 2:151-159.

Bottomley PA. Spatial localization in NMR spectroscopy in
vivo. Annals of the New York Academy of Sciences 1987;
508:333-348.

Ernst T & Chang L. Elimination of artifacts in short echo
time 1;; MR spectroscopy of the frontal lobe. Magnetic
Resonance in Medicine 1996; 36:462-468.

Ernst T, Kreis R & Ross BD. Absolute quantitation of

water and metabolites in the human brain. I: compart-

ments and water. Journal of Magnetic Resonance 1993;
B102:1-8.

Kreis R, Ernst T & Ross BD. Absolute quantitation of
water and metabolites in the human brain. II: metabolite
concentrations. Journal of Magnetic Resonance 1993;
B102:9-19.

Yiannoutsos C, Miller E, Chang L, et al. Proton MRS and
neuropsychological assessments in AIDS dementia
complex: a measure of subcortical function. Neurology
1999; 52:A253.

Brand A, Richter-Landsberg C & Leibfritz D. Multinuclear
NMR studies on the energy metabolism of glial and
neuronal cells. Developmental Neurosciences 1993;
15:289-298.

Enting R, Foudraine N, Lange ], Jurriaans S, van der Poll
T, Weverling GJ and Portegies P. Cerebrospinal fluid beta2-
microglobulin, monocyte chemotactic protein-1, and
soluble tumour necrosis factor alpha receptors before and
after treatment with lamivudine plus zidovudine or stavu-
dine. Journal of Neuroimmunology 2000; 102:216-221.

Gisolf E, van Praag R, Jurriaans S, Portegies P, Goudsmit J,
Danner SA, Lange JM & Prins JM. Increasing cere-
brospinal fluid chemokine concentrations despite
undetectable cerebrospinal fluid HIV RNA in HIV-1-
infected patients receiving antiretroviral therapy. Journal of
Acquirecf[mmune Deficiency Syndrome 2000;
25:426-433.

Aleman S, Pehrson P & Sonnerborg A. Kinetics of beta-
chemokine levels during anti-HIV therapy. Antiviral
Therapy 1999; 4:109-115.

Weiss L, Si-Mohamed A, Giral P, et al. Plasma levels of
monocyte chemoattractant protein-1 but not those of
macrophage inhibitory protein-1 alpha and RANTES
correlate with virus load in human immunodeficiency virus
infection. Journal of Infectious Diseases 1997;
176:162-164.

Hansson E, Muyderman H, Leonova ], Allansson L,
Sinclair J, Blomstrand F, Thorlin T, Nilsson M &
Ronnback L. Astroglia and glutamate in physiology and
pathology: aspects on glutamate transport, glutamate-
induced cell swelling and gap-junction communication.
Neurochemistry International 2000; 37:317-329.

Mucke L & Eddleston M. Astrocytes in infectious and
immune-mediated diseases of the central nervous system.

Journal of FA Society of Experimental Biology 1993;

7:1226-1232.

Chang L, Ernst T, Tornatore C, Aronow H, Melchor R,
Walot I, Singer E & Cornford M. Metabolite abnormalities
in progressive multifocal leukoencephalopathy by proton
magnetic resonance Spectroscopy. Neuro};gy 1997;
48:836-845.

Sarchielli P, Presciutti O, Tarducci R, Gobbi G, Alberti A,
Pelliccioli GP, Orlacchio A & Gallai V. 1H-MRS in
patients with multiple sclerosis undergoing treatment with
interferon beta-1a: results of a preliminary study. Journal
of Neurology Neurosurgery & Psychiatry 1998;
64:204-212.

©2004 International Medical Press



