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The objective of this study was to assess the frequency of blood-brain barrier
(BBB) impairment, as measured by the albumin ratio, in neuro-asymptomatic
HIV-1-infected individuals without antiretroviral treatment and the correla-
tion between BBB disruption and intrathecal immune activation and HIV-1
RNA levels. Serum and cerebrospinal fluid (CSF) albumin, neopterin, and
HIV-1 RNA levels were analysed in 110 neuro-asymptomatic HIV-1-infected
individuals at different stages of disease; 63 classified as CDC A, 25 as CDC B,
and 22 as CDC C. Increased BBB permeability was found in 17 of 110 (15%)
of HIV-1-infected individuals. This proportion was sustained throughout the
CDC stages. The albumin ratio was correlated with the CSF neopterin lev-
els (rs =0.36, P <0.001), the serum neopterin levels (rs = 0.37, P < 0.001),
and the CSF HIV-1 RNA levels (rs = 0.26, P < 0.01), but not with the plasma
HIV-1 RNA levels. The correlations between the albumin ratio and the CSF and
serum neopterin concentrations and the CSF HIV-1 RNA levels indicate that
immune activation and, possibly, intrathecal HIV-1 virus replication are im-
portant factors associated with increased BBB permeability in HIV-1 infection.
Journal of NeuroVirology (2001) 7, 542—547.
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Introduction

Human immunodeficiency virus type 1 (HIV-1) in-
fects the central nervous system (CNS) early in the
course of infection and HIV-1 has been detected in
brain tissue (Davis et al, 1992) and cerebrospinal
fluid (CSF) (Chiodi et al, 1988; Schacker et al, 1996)
from patients with neurological complications as
well as from patients without such. Approximately
15—-20% of HIV-1-infected individuals with acquired
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immunodeficiency syndrome (AIDS) without an-
tiretroviral treatment develop a subcortical demen-
tia, HIV-1-associated dementia (HAD) (Trujillo et al,
1995). Approximately 50% of patients with HAD
have neuropathological changes consistent with
HIV-1 encephalitis. HIV-1 encephalitis is character-
ized by multinucleated giant cells, microglial nod-
ules, perivascular inflammation, astrocytosis, myelin
pallor, and neuronal loss (Navia et al, 1986; Budka,
1991; Kure et al, 1991; Wiley et al, 1991). It is as-
sociated with increasing CNS viral burden (Wiley
and Achim, 1994) and the presence of activated
macrophages and microglia (Wiley et al, 1986).

The exact pathogenic pathways that lead to neu-
ronal injury in HIV-1 infection have not been
established, but the fact that productive infection



with HIV-1 within the CNS is restricted to cells of
the monocyte/macrophage lineage, microglia, and
macrophages, and, possibly, endothelial cells (Wiley
et al, 1986; Takahashi et al, 1996; An et al, 1999)
suggests an indirect mechanism of neural injury
mediated by neurotoxic substances. Signs of immune
activation in the CNS have been found both in neuro-
asymptomatic HIV-1-infected individuals and in
HIV-1-infected patients with neurological compli-
cations (Fuchs et al, 1989; Andersson et al, 1998;
Gisslen et al, 1999). Neopterin is a sensitive marker
for activation of the cellular immune system. In-
trathecal immune activation, as measured by el-
evated CSF neopterin levels, has been found in
HIV-1-infected individuals with neurological com-
plications, especially HAD (Fuchs et al, 1989). In fact,
intrathecal immune activation has been described as
the best prognostic marker for HAD (Brew et al, 1996).

Impaired blood—brain barrier (BBB) integrity is a
common finding in HIV-1 infection (Marshall et al,
1988; Marshall et al, 1991; McArthur et al, 1992).
The factors influencing BBB integrity in HIV-1 infec-
tion are not known, although immune activation and
monocyte infiltration are associated with impairment
of the BBB in patients with HAD (Boven et al, 2000;
Persidsky et al, 2000). The BBB breakdown in HIV-1
infection seems to be chronic and slowly progres-
sive as compared to the acute and rapid breakdown
associated with, for example, multiple sclerosis or
cerebrovascular accidents. Nevertheless, disruption
of the BBB has been suggested to be the priming
event in the pathogenesis of HAD, either by pro-
moting viral entry or entry of serum-derived factors
into the CNS. Serum factors such as gp120 or TNF«
could be directly toxic to neurons, or they could ac-
tivate macrophages/microglia within the CNS that
in turn could secret neurotoxic substances (Power
et al, 1993). The proportion of HIV-1-infected indi-
viduals with impaired BBB, which seems to increase
with more advanced disease, has, in previous studies,
been found to be 2-22% in asymptomatic individu-
als, 50% in patients with AIDS, and 100% in patients
with HIV-1 encephalitis (Marshall et al, 1988; Petito
and Cash, 1992; Power et al, 1993; Martin et al, 1998;
Dallasta et al, 1999).

In this study, we have analyzed the correlation be-
tween the integrity of the BBB as measured by the
albumin ratio and CSF and plasma levels of neopterin
and HIV-1 RNA in 110 neuro-asymptomatic HIV-1
infected individuals without antiretroviral treatment.

Results

An elevated albumin ratio was found in 17 of 110
patients (15%), 10 of 63 classified as CDC A (16%),
3 of 25 classified as CDC B (12%), and 4 of 22
classified as CDC C (18%). In the 110 patients, the
albumin ratio was correlated to the CSF neopterin
levels (rs =0.36, P <0.001) (Figure 1), the CSF HIV-1
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Figure 1 Correlation between the albumin ratio and the cere-
brospinal fluid neopterin levels (r,=0.36, P <0.001) (n=110).
95% confidence intervals are indicated for data and line,
respectively.

RNA levels (rs=0.26, P <0.01) (Figure 2), the CSF
mononuclear cell count (rs=0.26, P <0.01), and
the serum neopterin levels (rs =0.37, P <0.001), but
there was no correlation between the albumin ratio
and the plasma HIV-1 RNA levels (Table 1).

Plasma and CSF HIV-1 RNA levels were correlated
(rs=0.49, P <0.001) as were the CSF neopterin and
CSF HIV-1 RNA levels (r; =0.41, P < 0.001), the CSF
mononuclear cell count and CSF HIV-1 RNA lev-
els (rs=0.42, P <0.001), the CSF mononuclear cell
count and CSF neopterin levels (r; =0.23, P < 0.01),
and CSF and serum neopterin levels (r;=0.62,
P <0.001) (Table 1).

Patients with an elevated albumin ratio had a
mean (+SD) serum neopterin concentration of 31
(£23) nmol/l, and CSF neopterin of 29 (+20) nmol/l
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Figure 2 Correlation between the albumin ratio and the cere-
brospinal fluid HIV-1 RNA levels (r, =0.26, P <0.01) (n=110).

95% confidence intervals are indicated for data and line,
respectively.
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Table 1 Correlations between the albumin ratio, cerebrospinal fluid (CSF) and plasma HIV-1 RNA levels, CSF and serum neopterin

levels, and CSF mononuclear cell count

CSF mononuclear
CSF HIV-1 RNA  Plasma HIV-1 RNA  CSF neopterin ~ Serum neopterin count cell Albumin ratio
Albumin ratio 1, =0.26 No 1, =0.36 r,=0.37 1, =0.26 r,=1.0
P <0.01 correlation P <0.001 P <0.001 P <0.01 P=0.0
(n=110) (n=104) (n=110) (n=101) (n=110) (n=110)
CSF HIV-1 RNA r,=1.0 1, =0.49 r,=0.41 No 1, =0.42 1, =0.26
P=0.0 P <0.001 P <0.001 correlation P <0.001 P <0.01
(n=110) (n=104) (n=110) (n=101) (n=110) (n=110)
CSF neopterin r,=0.41 r,=0.35 r,=1.0 1, =0.62 r,=0.23 1, =0.36
P <0.001 P <0.001 P=0.0 P <0.001 P <0.01 P <0.001
(n=110) (n=104) (n=110) (n=101) (n=110) (n=110)

in comparison to patients with a albumin ratio
below the reference value who had a mean (+£SD)
serum neopterin concentration of 19 (£13) nmol/l
(P <0.07), and CSF neopterin of 19 (+13) nmol/l
(P <0.1). As shown, there were no significant differ-
ences between the two groups. No significant differ-
ences were found between the plasma or CSF HIV-1
RNA levels in the two groups. In patients with an
elevated albumin ratio, CSF HIV-1 RNA and plasma
RNA were correlated (rs =0.64, P <0.01) [data not
shown].

Discussion

BBB dysfunction, as measured by an elevated al-
bumin ratio above the reference value according
to age, was found in 17 of 110 (15%) neuro-
asymtomatic HIV-1-infected individuals without an-
tiretroviral treatment. The proportion of patients with
an elevated albumin ratio did not vary between CDC
stages.

The relatively high proportion of asymptomatic
HIV-1-infected individuals with an elevated albumin
ratio is in contrast to the finding by Marshall et al
(1988), who reported an elevated albumin ratio in
2% of asymptomatic HIV-1-infected individuals, but
in concordance with the finding by Martin et al of an
elevated albumin ratio in 22% of neuroasymptomatic
HIV-1 infected individuals (Martin et al, 1998). More-
over, Marshall et al (1991) found a progressive
elevation of the albumin ratio over time, and other
investigators have found signs of increased BBB per-
meability in 50% of AIDS patients (Petito and Cash,
1992; Power et al, 1993). The low frequency of BBB
impairment in asymptomatic HIV-1-infected indi-
viduals found by Marshall et al might thus be ex-
plained by the facts that patients were examined
very early in the course of infection (Marshall et al,
1988, 1991) and that a more conservative definition
of an elevated albumin ratio (>9) was used, although
the study population had a mean age of less than
45 years, which is in contrast to the reference values
established by Blennow et al (1993).

The albumin ratio was correlated with the CSF and
serum neopterin and CSF HIV-1 RNA levels but not
with the plasma HIV-1 RNA levels. Also, the CSF
and serum neopterin levels were correlated. Patients
with an elevated albumin ratio had higher mean CSF
and serum neopterin concentrations than patients
with an albumin ratio below the reference value.
Although these differences did not reach statistical
significance, they indicate that cellular immune ac-
tivation is an important factor associated with BBB
dysfunction in HIV-1 infection. A correlation be-
tween the albumin ratio and the CSF neopterin levels
has been found in viral meningitis (Furukawa et al,
1992), but several investigators have failed to show
such a correlation in HIV-1-infected patients at vari-
ous stages of the disease (Sonnerborg et al, 1989; Brew
et al, 1990). In fact, markedly elevated CSF neopterin
levels have been found in HIV-1-infected individuals
with neurological complications, and CSF neopterin
has been proposed to be the best prognostic marker
for HAD (Fuchs et al, 1989; Brew et al, 1996;
Andersson et al, 1999). However, none of these stud-
ies included a large number of neuroasymtomatic
HIV-1-infected individuals. Because the studies by
Brew et al (1990) and Sonnerborg et al (1989)
included large proportions of HIV-1-infected indi-
viduals with neurological complications, high CSF
neopterin concentrations would be expected. Fuchs
et al (1989) reported a correlation between CSF and
serum neopterin, but there was also additional in-
trathecal production of neopterin in individuals with
neurological complications.

The association is strong between neurological
symptoms, especially HAD, in HIV-1-infected in-
dividuals and increased BBB permeability. In an
autopsy study, Power et al found significant BBB im-
pairment in 12 of 12 brains from patients with HAD
and suggested that increased BBB permeability might
be the priming event in the development of HAD
(Power et al, 1993).

The CSF mononuclear cell count was, as previ-
ously observed (Hagberg et al, 1993; Martin et al,
1998; Gisslen et al, 1999), correlated to CSF HIV-1
RNA levels and CSF neopterin levels. The correlation



found between the albumin ratio and the CSF
mononuclear cell count is in concordance with the
finding by Persidsky et al (2000) of mononuclear
cell infiltration in areas with disrupted BBB. As
shown previously, there was a correlation between
CSF neopterin and CSF HIV-1 RNA levels (Gisslen
et al, 1999). We also found a correlation between
CSF and plasma HIV-1 RNA levels. Data regarding
the correlation between CSF and plasma HIV-1 RNA
levels are conflicting. Some investigators have re-
ported a correlation between CSF and plasma HIV-1
RNA, whereas others have failed to show any corre-
lation (McArthur et al, 1997; Foudraine et al, 1998).
We found, in an earlier study, CSF HIV-1 RNA lev-
els exceeding plasma HIV-1 RNA levels in 20% of
HIV-1-infected individuals not treated with antiretro-
viral therapy (Gisslen et al, 1999). The source of
HIV-1 RNA in the CSF is not fully understood. The
CSF viral load might originate from a productive
infection within the brain parenchyma; a local pro-
duction by meningeal macrophages; and/or a produc-
tion by mononuclear cells trafficking into the CSF
from blood. It is probable that combinations of these
sources contribute and play different roles at differ-
ent stages of the disease.

RNA is unstable and sensitive to storage at room
temperature. Although the CSF samples used in this
study in some cases were stored for up to 10 years be-
fore analysis with quantitative HIV-1 RNA PCR, the
samples were centrifuged and stored immediately at
—70°C until analyzed, which makes gradual degen-
eration of RNA during storage unlikely because the
stability of cell-free virion RNA at —70°C is well doc-
umented (Coombs et al, 1993; Sebire et al, 1998), and
RNA degradation is reduced by immediate centrifu-
gation of samples (Katzenstein et al, 1996). In con-
clusion, we found an elevated albumin ratio in a rel-
atively high proportion of neuro-asymptomatic HIV-1
infected individuals without antiretroviral treatment
(15%). The albumin ratio was correlated with the CSF
and serum neopterin concentrations and with the
CSF HIV-1 RNA levels but not with the plasma HIV-1
RNA levels, indicating that cellular immune activa-
tion and, possibly, intrathecal HIV-1 virus replication
are important factors associated with increased BBB
permeability in HIV-1 infection.

Ethics

This study was approved by the research ethics
committee at G6teborg University, Sweden, and all
patients gave their informed consent.

Materials and methods

Patients

Between 1986 and 1999, paired blood and CSF
samples were collected from 110 neuroasymtomatic
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HIV-1-infected individuals, 87 men and 23 women,
without antiretroviral treatment. All patients were
antiretroviral najve and no patient had a history or
signs/symtoms of neurological or major psychiatric
complications. Mean age at the time of sampling was
38 years (range 18 to 71). The study population in-
cluded 43 men and 17 women with heterosexually
transmitted disease and 36 men with homosexual
transmission. Three men and one woman had been
infected through blood products, and five women and
three men through intravenous drug use. The mode
of transmission was unknown in two men. Sixty men
and 14 women were of European, 19 men and 5
women of African, 7 men and 2 women of Asian,
and 1 man and 2 women of South American origin.
The mean CD4 cell count at the time of sampling
was 302 (range 9 to 1664) x 10°/1. Sixty-three patients
had an asymptomatic HIV-1 infection, Center for Dis-
ease Control and Prevention (CDC) stage A1-A3, 25
had a symptomatic infection not classified as AIDS
(CDCB1-B3), and 22 had AIDS (CDC C2-C3) MMWR,
1992). The mean CSF HIV-1 RNA level was 3.43
(range 1.26 to 5.35) log!® copies/ml, plasma HIV-
1 RNA 4.21 (range 2.07 to 5.79) log'® copies/ml,
CSF neopterin 21 (range 5 to 75) nmol/l, serum
neopterin 21 (range 4 to 85) nmol/l, and the al-
bumin ratio 5.7 (range 1.8 to 21) at the time of
sampling.

Methods

Lumbar puncture was performed in a standard-
ized manner whereby a total of 20-25 ml CSF was
collected in portions. After cell counting, the first
12-ml portion was centrifuged and stored immedi-
ately in smaller fractions at —70°C until analyzed.
Samples with a red blood cell count >30 x 10°/1
were discarded. Paired blood samples were collected
at the same time and stored in the same way un-
til analyzed. HIV-1 RNA was analyzed in plasma
and CSF by quantitative HIV-1 RNA PCR (Amplicor
HIV-1 monitor, version 1.5, Roche Diagnostic Sys-
tems, Hoffman La Roche Inc., Basel, Switzerland) and
run according to the protocol of the manufacturer.
HIV-1 RNA levels were expressed as log'® copies
of HIV-1 RNA/ml. Serum and CSF neopterin levels
were analyzed by a commercially available radioim-
munoassay (neopterin, BRAHMS, Berlin, Germany)
and run according to the protocol of the manufac-
turer. The normal reference value at the study lab-
oratory was <4.2 nmol/l in CSF and <8.8 nmol/l
in serum. Quantitative determination of albumin in
serum and CSF was performed by nephelometry
(Behring Nelphelometer Analyzer, Behringwerke
AG, Marburg, Germany). The CSF/serum albumin
ratio was calculated as [CSF albumin (mg/l)/serum
albumin (g/1)] and used as a measure of BBB function
(Tibbling et al, 1977). The reference value at the study
laboratory was <6.5 in individuals below the age of
45 years and <10.2 in individuals above the age of
45 years (Blennow et al, 1993).
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The peripheral CD4 cell count was measured
by direct immunoflourescence on a flow cytome-
ter (FACS, Becton Dickinson, Mountain View, CA,
USA).

Statistics

Statistical evaluations of differences between inde-
pendent samples were analysed by means of Mann—
Whitney U-test. Spearman’s rank correlation coef-
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