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Abstract 

C'SF levels of fi2-microglobulin (b2m), monocyte chemotactic protein-1 (MCP-1), 
soluble tumor necrosis factor a receptors (sTNFRs), and HIV-1 RNA were deter
mined in 16 neurologically asymptomatic HIV-1 infected patients before and 12 
weeks after treatment with lamivudine plus zidovudine or stavudine. B2m levels 
were significantly higher inpatients (1.7 mg/l) compared with controls (0.8mg/l) 
(p<0.001), and decreased to 1.1 mg/l during treatment (p-0.001). MCP-1 levels 
were low, and did not change during treatment. Levels of sTNFR type I were 
elevated in patients (0.92 ng/ml) compared to controls (0.30 ng/ml) (p-0.03), 
but did not change during treatment. Levels of sTNFR type II were below the 
limit of detection in most patients and controls. In conclusion, CSF levels of b2m 
and HIV-1 RNA, but not sTNFRs or MCP-1, are candidate surrogate markers of 
treatment efficacy in early CNS infection. 
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INTRODUCTION 

It is important to study treatment efficacy in the central nervous system (CNS) 
by means of surrogate markers during the asymptomatic stages of HIV-1 infec
tion. First of all, HIV-1 has been found present in the brains of HIV-1 infected 
individuals at early stages of the infection.1 Secondly, the CNS is an important 
sanctuary site for the virus.2 Thirdly, in a minority of advanced-stage patients, 
HIV-1 replication within the CNS leads to AIDS dementia.3 This is a devastat
ing neurological complication, which leads to cognitive, behavioural and motor 
decline over weeks or months.4 In a retrospective clinical study it was demon
strated tha t prevention of AIDS dementia is feasible by starting zidovudine.5 

Antiretroviral drugs differ in their potential to penetrate the blood-brain barrier, 
and therefore, it is important to compare drug regimens regarding CNS efficacy, 
preferably in neurologically asymptomatic individuals.6 

In a previous study, we measured changes in cerebrospinal fluid (CSF) HIV-1 
RNA after the initiation of a double nucleoside drug regimen.7 All patients from 
that study were neurologically asymptomatic, but nevertheless had detectable 
CSF HIV-1 RNA before treatment; CSF HIV-1 RNA decreased to < 50 copies/ml 
12 weeks after the start of treatment. We subsequently measured changes during 
treatment in CSF levels of (3-2 microglobulin (b2m), monocyte-chemotactic pro
tein-1 (MCP-1), and soluble tumour necrosis factor a receptors type I and type 
II (sTNFRs). The role of detectable levels of CSF HIV-1 RNA in patients with
out AIDS dementia is not fully elucidated. It is likely that the level of CSF 
HIV-1 RNA reflects the amount of HIV-1 replication within brain parenchyma.8 

It has been suggested that a concomitant drop in CSF b2m concentration would 
strengthen our preliminary conclusions that a decreasing concentration of CSF 
HIV-1 RNA is indicative of CNS efficacy of an antiretroviral drug regimen.9 

We evaluated the effect of t reatment on CSF concentrations of MCP-1, because 
MCP-1 is a chemokine that probably plays a role in the pathogenesis of HIV-1 
infection of the CNS.10 CSF levels of sTNFR type II were evaluated because these 
have been found in increased concentrations in patients with AIDS dementia, 
and because monitoring plasma levels of sTNFR type II has proved its efficacy 
in evaluating plasma response to treatment.5,1113 

METHODS 

Patients 

We studied CSF and plasma samples from 16 antiretroviral naive patients from 
an open, randomised, controlled trial comparing the efficacy of two double-nu-
cleoside drug regimens (zidovudine 200 mg three times daily plus lamivudine 
150 mg twice daily or stavudine 40 mg twice daily plus lamivudine 150 mg twice 
daily). Further inclusion criteria were: a CD4 cell count of > 200/ul, and plasma 
HIV-1 RNA concentration of > 4 log10 copies/ml.7 An important exclusion crite
rion was current AIDS-defining opportunistic disease. Neurological assessment 
was performed by taking a neurological history and a neurological examination 
including a rapid screening test for AIDS dementia complex by one of the inves-
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t igators (PP).1 ' Diagnostic lumbar punctures were taken before therapy at base
line and after 12 weeks of treatment. 

A total of 22 patients underwent two subsequent lumbar punctures. For this 
study, 16 patients were selected on the basis of availability of remaining plasma 
and CSF. Control CSF and plasma samples were available from 16 HIV-1 sero
negative patients with a median age of 46 years (range: 26-67 years) evaluated 
for neurological symptoms who were found to have normal CSF cell counts, and 
nei ther systemic nor neurological infectious disease. 

Assays 

B2m concentration was measured by microparticle capture enzyme immunoassay 
(MEIA) (Abbott IMx analyser).15 Normal values were < 2.4 mg/1 for plasma, 
and < 2.2 mg/1 in CSF.16 MCP-1 was measured by a quantitative sandwich 
enzyme-linked immunosorbent assay (ELISA) using purified monoclonal mouse 
ant i -human MCP-1 as coating body, biotinylated rabbit ant ihuman MCP-1 as 
detecting antibody, and recombinant human MCP-1 as standard (Pharmingen, 
San Diego, CA). CSF was diluted at a ratio of 1:2 to ensure a concentration 
tha t was in the linear range. The lower limit of detection for the MCP-1 assay 
is 8 pg/ml. sTNFR-type I and sTNFR- type II were measured with enzyme-
linked immunological binding assays (ELIBA) (Hoffmann LaRoche, Basel, Swit
zerland), as described before. The detection limit of this assay is 0.30 ng/ml.17 

CSF and plasma HIV-1 RNA was measured using a commercial ultrasen
sitive PCR-based assay with a lower limit of detection that varies between 
14-50 copies/ml. (Amplicor HIV-1 Monitor Test (Ultrasensitive Protocol Adapta
tion), Roche Diagnostic Systems, Branchburg, NJ, USA) as published before.71819 

Measurements of HIV-1 RNA in CSF were validated by reconstruction experi
ments. CSF was analysed for cell count, glucose, and total protein. Samples were 
stored at -70°C until assessment. 

Statistical analysis 

Results are reported as medians (and ranges) for all variables. Differences 
between baseline and week 12 were tested with Wilcoxon's matched pair's signed 
rank test for non-parametric variables. Differences between patients and con
trols were tested with Mann-Whitney U-test. Correlations between HIV-1 RNA 
(plasma or CSF), or cell count (CSF) and b2m, MCP-1, or sTNFRs (plasma or 
CSF) were tested with Spearman's rank correlation test. If values were less than 
the lower limit of detection, we used the cut-off point as the individual's value in 
all analyses. P < 0.05 was considered significant. 

RESULTS 

The baseline characteristics are given in Table 1. All 16 patients had a normal 
neurological assessment at baseline. However, all patients had a detectable 
HIV-1 RNA CSF concentration (4.22 (2.40-5.21) log10 copies/ml) before the start 
of t reatment . CSF levels were not significantly correlated with plasma levels. 
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Table 1 
Baseline characteristics ot 16 patients with a lumbar puncture at baseline and week 12 in 
whom plasma and CSF was analysed for |32 microglobulin, monocyte chemotactic protein-1 
and soluble tumor necrosis factor a receptors I and II. Median values and range are given. 

Number of patients 
Age (years) 
AIDS dementia score* 
Number with normal neurological assessment 
plasma HIV-1 RNA (logio copies/ml) 
CSF HIV-1 RNA (logio copies/ml) 
plasma CD4 cell count/jaL 
CSF total cells/jil 
CSF total protein (g/l) 

16 
35 (27-64) 
15.5(10-16) 
16 
4.69 (4.03-5.64) 
4.22(2.40-5.21) 
310(120-670) 
18(4-65) 
0.42(0.12-0.73) 

# : Assessment of AIDS dementia by using a rapid screening test as described by Power et a/. 

(r=0.17, p=0.53) After 12 weeks of treatment, CSF concentrations decreased 
significantly to 19 (14-50) copies/ml (-99.9%). (pO.001) In only two patients, 
CSF concentrations remained above the lower limit of detection in the ultrasen
sitive assay (45 and 50 copies/ml respectively). Plasma HIV-1 RNA decreased 
significantly from 4.69 (4.03-5.64) to 3.09 (2.09-4.13) log10 copies/ml (-97.5%). 
(p<0.001).7 The median CSF cell count decreased significantly after t reatment 
from 18 (4-65) cells/ul to 4 (1-9) cells/ul (p=0.003). The median total CSF pro
tein was within the normal range and did not change significantly during treat
ment. 

CSF and plasma levels of b2m are represented in Figure 1 and Table 2. CSF 
levels decreased significantly from 1.7 (0.8-3.7) mg/1 before the start of t reatment 
to 1.1 (0.6-2.5) mg/1 (-35%) after 12 weeks of treatment (p=0.001). Furthermore, 
CSF b2m levels were significantly higher in patients before the start of treat
ment compared with HIV-1 seronegative controls (pO.001). Four patients had 
baseline CSF b2m levels that exceeded plasma levels. Baseline plasma levels 
of b2m were also significantly higher compared with controls (p<0.001), and 
decreased significantly from 2.4 (1.4-3.4) mg/1 to 1.9 (1.5-2.9) mg/1 (-21%) after 
t reatment (p=0.003). CSF b2m levels were correlated significantly with plasma 
levels at study entry (r=0.51, p=0.04), but not in controls or after 12 weeks of 
treatment. There was a trend towards correlation between CSF b2m levels and 
CSF HIV-1 RNA (r=0.47, p=0.06), and between CSF b2m and CSF cell count 
(r=0.46, p=0.07). Plasma b2m levels were not correlated with HIV-1 RNA levels, 
(data not shown) 

CSF and plasma concentrations of MCP-1 are represented in Table 2. Median 
CSF levels of MCP-1 in patients were not significantly different from controls 
(p=0.72), and did not change significantly during treatment. Plasma levels of 
MCP-1, however, were significantly lower in patients compared with controls 
(p<0.001), and an unexpected increase from 309 (225-525) pg/ml to 446 (20-1512) 
pg/ml was seen after treatment. (p=0.03) CSF levels of MCP-1 were not signifi
cantly correlated with plasma levels (p=0.09), nor with CSF mononuclear cell 
count (p=0.48). MCP-1 levels in CSF nor plasma were correlated with HIV-1 
RNA levels in the same compartment (data not shown). 
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Figure 1 
CSF and plasma B2 microglobulin in 16 HIV-1 infected individuals at baseline and after 12 weeks 
of therapy with lamivudine with either stavudine or zidovudine, compared with a single sample 
of HIV seronegative controls. 

Table 2 
Cerebrospinal and plasma concentrations of p-2 microglobulin (b2m), monocyte chemo-
tactic protein-1 (MCP-1), and soluble tumour necrosis factor a receptors (sTNFR), sTNFR I and 
sTNFR II, in HIV-1 infected patients before and after the initiation of a double nucleoside 
regimen and in HIV-1 seronegative controls 

median and range 

treatment group 

CSF 
controls 
before treatment 
12 weeks after treatment 

plasma 
controls 
before treatment 
12 weeks after treatment 

b2m 
mg/l 

0.8(0.5-1.8) 
1.7 (0.8-3.7)* 
1.1 (0.6-2.5)" 

1.3 (0.8-2.2) 
2.4 (1.4-3.4)* 
1.9 (1.5-2.9JA 

MCP-) 
pg/ml 

680(461-2456) 
722(361-1259) 
602(334-1202) 

527(241-945) 
309 (225-525)* 
446 (200-1512)* 

sTNFR 1 
ng/ml 

0.30(0.30-1.67) 
0.92 (0.44-1.86)1 

0.81 (0.30-2.17) 

1.89(0.86-3.11) 
1.56 (1.21-2.65) 
1.81 (0.88-3.50) 

STNFR II 
ng/ml 

0.30(0.30-2.10) 
0.30(0.30-2.17) 
0.30(0.30-1.39) 

2.03(1.15-3.52) 
4.24(3.18-7.21)* 
3.12 (0.39-4.42)" 

* pO.001 compared with HIV-1 seronegative controls 
! p=0.03 compared with HIV-1 seronegative controls 
# p=0.001 compared with values before treatment 
A p=0.003 compared with values before treatment 
$ p=0.03 compared with values before treatment 

CSF and plasma levels of sTNFR type I and II are represented in Table 2. 
Median CSF levels of sTNFR type I in patients before treatment were elevated 
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compared to controls (p=0.03), and sTNFR type I was detectable in all samples, 
but these levels did not change after treatment. Plasma levels of sTNFR type I 
before t reatment were not significantly different from controls. (p=0.67) sTNFR 
type II was below the limit of detection in most patients (baseline: 9/16 (56%), 
after treatment: 11/15 (73%)) and controls (12/16 (75%)). In contrast, plasma 
levels of sTNFR type II at baseline were significantly more elevated compared 
with HIV-1 seronegative controls (p<0.001), and declined significantly from 4.24 
(3.18-7.21) ng/ml to 3.12 (0.39-4.42) ng/ml (-26%) (p=0.001) after treatment. Fur
thermore, plasma levels of sTNFR type II correlated significantly with plasma 
HIV-1 RNA levels at baseline (r=0.63, p=0.009). 

DISCUSSION 

In our study in neurologically asymptomatic HIV-1 infected individuals, CSF 
b2m levels were significantly elevated compared to controls, and declined sig
nificantly during a double nucleoside analogue regimen. In a prospective study 
in neurologically asymptomatic patients, patients with elevated CSF concentra
tions of b2m carried a much higher risk of eventually developing AIDS demen
tia.20 We now demonstrated that t reatment for 12 weeks with either lamivudine 
plus zidovudine or lamivudine plus stavudine is effective in decreasing CSF 
concentrations of both HIV-1 RNA and b2m. It has been shown that CSF b2m 
concentration decreases during zidovudine treatment in neurologically asympto
matic patients.16'21 Zidovudine is the only drug to date tha t has proved its clini
cal efficacy in both treatment and prevention of AIDS dementia.5,22 It therefore 
seems likely that both drug regimens, including the lamivudine/stavudine com
bination suppress HIV-1 related CNS disease. 

Even though CSF concentrations of b2m were increased in our patients, these 
concentrations were not elevated to the level that was found to be indicative of a 
higher risk of ADC (> 5 mg/1). The patients in our study had less advanced HIV-1 
infection, as they had CD4 counts > 200/ul, compared to < 200/ul in the study 
of Brew et al.20 It is known from longitudinal studies that during the course of 
HIV-1 infection CSF b2m concentration increases gradually.23 Plasma levels of 
b2m decreased concomitantly. Notably, plasma and CSF levels of b2m were sig
nificantly correlated, although HIV-1 RNA concentrations in plasma and CSF 
were not. Others have also found a strong correlation between plasma and CSF 
b2m in neurologically asymptomatic patients, whereas in demented patients 
CSF b2m was elevated independently of plasma levels.24 Since several of our 
patients had CSF levels of b2m surpassing plasma levels, CSF response does not 
simply reflect plasma response to antiretroviral treatment. 

We additionally evaluated CSF levels of MCP-1 and sTNFRs, which are thought 
to be useful in monitoring treatment efficacy in early HIV-1 infection of the 
CNS. 

Several rationales exist for measuring CSF levels of MCP-1 to evaluate HIV-1 
infection of the CNS, including the following: astrocyte-derived MCP-1 is the most 
important chemoattractant for monocytes across the blood-brain barrier, mono-
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cytes play an important role in the pathogenesis of AIDS dementia, and MCP-1 
production in human astrocytes is increased by the HIV-1 protein TAT.10,2527 

Furthermore, CSF levels of MCP-1 are elevated (mean 5 ng/ml) in AIDS demen
tia complex.10-25-28 In addition, CSF levels of MCP-1 correlate both with CSF 
HIV-1 RNA concentrations and the severity of neuropathological abnormalities 
in demented patients.10-28 Finally, a trend has been found for MCP-1 to increase 
in individuals who eventually developed dementia.28 

Baseline CSF MCP-1 levels in our neurologically asymptomatic patients were 
not significantly different from controls, no decline was seen after the initiation 
of t reatment, and no significant correlation was found with CSF HIV-1 RNA, 
or CSF mononuclear cell count. Preliminary findings in neurological sympto
matic children who started treatment with lamivudine, zidovudine (+/- abacavir), 
also suggested that despite a significant decline in CSF HIV-1 RNA, MCP-1 
levels did not change significantly.29 In contrast with an earlier report, we found 
tha t plasma levels of MCP-1 were lower in patients compared to controls, and 
increased significantly during treatment, concurrently with a declining plasma 
HIV-1 RNA.30 

From previous studies, it is known that monitoring the sTNFR type II levels in 
plasma increases the prognostic utility of HIV-1 RNA determination in early-
stage HIV-1 infected patients.11 Furthermore, the plasma level of sTNFR type 
II has been proven a useful surrogate marker for monitoring treatment efficacy 
of antiretroviral therapy in HIV-1 infection.1213 In previous studies, CSF levels 
of sTNFR type II have been found elevated in patients with AIDS dementia11-32, 
and increased expression of cell bound TNFR type I and II was seen in macro
phages and microglial cells in the brains of patients with AIDS.33 To our know
ledge, no data are available on the effect of antiretroviral t reatment on CSF 
levels of sTNFR type II. 

CSF levels of sTNFR type II at baseline were not detectable in most patients 
(56%), nor in controls (75%), and remained low or undetectable during treat
ment. Plasma levels of sTNFR type II, as expected, were elevated in our patients 
compared to controls, and declined concomitantly with plasma HIV-1 RNA load 
during antiretroviral t reatment . We, like others, found a significant correlation 
between plasma HIV-1 RNA and sTNFR type II at baseline.31 Although CSF 
levels of sTNFR type I were elevated compared to controls, levels did not change 
significantly during treatment, nor did plasma levels. 

Monitoring the CSF HIV-1 RNA load during therapy is increasingly used to 
determine the efficacy of antiretroviral drug regimens for CNS treatment in neu
rologically asymptomatic patients.T16-3r' Monitoring CSF levels of b2m has been 
used for several years to evaluate treatment efficacy in neurologically asymp
tomatic patients.16-21 Our study supports the potential usefulness of measuring 
CSF concentrations of both b2m and HIV-1 RNA to prospectively evaluate treat
ment efficacy within the CNS in early-stage HIV-1 infected individuals. Two 
other potential markers of CNS disease, MCP-1 and sTNFR type II, are not 
adequate as surrogate markers for evaluating the efficacy of antiretroviral drugs 
in early CNS disease. 
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