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ChapterChapter 4 

Summary Summary 

Onlyy limited data on CSF HIV-1 RNA responses and markers of local inflammation in CSF 

duringg antiretro viral therapy are available. HIV-RNA, soluble TNF-receptor (sTNFr)-II, 

monocytee chemoattractant protein (MCP)-l and interferon-7 inducible protein (IP)-10 were 

measuredd in the peripheral blood and CSF of twenty-six antiretroviral-naive HIV-1-positive 

patients,, who were treated with ritonavir (RTV)/saquinavir (SQV) (n=5), RTV/SQV/d4T 

(n=8)) or AZT/3TC/abacavir/nevirapine/indinavir (n=13). 

Afterr 8-12 weeks of treatment CSF HIV-RNA dropped to <400 copies/ml in 1/5 patients in 

thee RTV/SQV group, 8/8 patients in the RTV/SQV/d4T group and 9/10 patients in the five-

drugg group. CSF sTNFr-II and IP-10 levels increased in patients with a detectable CSF HIV-

RNA.. However, increases in CSF chemokine and sTNFr-II concentrations were also observed 

inn some patients with good CSF HIV-RNA responses. Moreover, CSF MCP-1 concentrations 

increasedd in the whole population after two months of treatment. Ongoing residual HIV 

replicationn in the central nervous system, which cannot be detected with CSF HIV-RNA 

measurements,, may account for this phenomenon. 
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Introduction Introduction 

Antiretrovirall  combination therapy including at least one protease inhibitor (PI) reduces 

plasmaa HIV-1 RNA and thereby AIDS-related morbidity and mortality [1-3]. The goal of 

antiretrovirall  treatment is to reach an as low as possible plasma HIV-1 RNA level and 

maintainn that level as long as possible. However, a low HIV-1 RNA in plasma during 

antiretrovirall  therapy does not necessarily mean that viral replication is suppressed in the 

wholee body. HIV-1 RNA concentrations in other compartments of the body, such as the 

lymphnodess and the male genital tract, may be higher than the HIV-1 RNA level in plasma 

[4,5].. The central nervous system (CNS) also acts as an anatomical reservoir of HTV-1 [6]. 

Thee blood-brain barrier (BBB) may prevent certain antiretroviral drugs from entering the CNS 

[7].. Detectable HIV-1 RNA in the cerebrospinal fluid (CSF), while the HIV-1 RNA in the 

peripherall  blood was below the limit of quantification (LLQ), has been described in patients 

whoo were treated with antiretroviral drugs that do not penetrate the BBB well [8,9]. Also, 

virall  resistance patterns may differ between blood and CSF [10,11]. 

CSFF is the only CNS substrate that can be obtained repeatedly from a living patient; however, 

HIVV replication in the brain may not be reflected directly by the HIV-1 RNA concentration in 

CSFF [12]. Inflammatory markers in CSF may provide additional information on HIV-1 

replicationn in the brain. We therefore measured sTNFr-II, MCP-1 and IP-10 concentrations in 

thee CSF and peripheral blood of patients on three different antiretroviral therapy regimens, 

whichh included different numbers of drugs that are able to penetrate into the CNS. 

Methods Methods 

Patients s 

Onee baseline and at least one follow-up paired CSF/blood sample was available of 26 HIV-1-

infectedd patients. Thirteen antiretroviral-naive, neurologically asymptomatic patients 

participatedd in the Prometheus study, an open label, randomized, controlled, multi-center trial. 

Patientss received either ritonavir (RTV) 400 mg twice daily (BID) plus saquinavir (SQV) 400 

mgg BID (n=5) or RTV 400 mg BID plus SQV 400 mg BID plus d4T 40 mg BID (n=8) [13]. 

Ass part of a neurological sub-study participants volunteered to undergo lumbar punctures at 

dayy 0 (before start of study medication) and after 12 weeks of treatment. In four patients 

(RTV/SQVV arm: n=l; RTV/SQV/d4T arm: n=3) a third lumbar puncture was performed after 

488 weeks of treatment. 

Thirteenn antiretroviral-naive, neurologically asymptomatic patients participated in the ERA 

study,, an open label, controlled trial, studying the effect of a five-drug regimen in HIV-1-
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infectedd patients. All patients started with a quintuple regimen (zidovudine (AZT) 300 mg 

BID/lamivudinee (3TC) 150 mg BID/abacavir (ABC) 300 mg BID/indinavir (IDV) 1000 mg 

TID/nevirapinee (NVP) 400 mg once daily). Ten patients switched from IDV 1000 mg TED to 

IDVV 800 mg BID plus RTV 100 mg BID during the study. Seven patients used d4T 40 mg 

BIDD instead of AZT 300 mg BID during (a part of) the study. Lumbar punctures were 

performedd at day 0, week 8, 24 and in a sub-group (n=9) also at week 48. 

Thee Prometheus study and the ERA study were approved by the Institutional Review Boards 

off  the participating sites. All participants gave written informed consent. 

Controls s 

Thee serum of eight healthy labworkers was used as control material. CSF was obtained from 

ninee HIV-negative patients, who did not have a systemic or CNS infection. 

HIV-11 RNA quantification 

Inn the Prometheus study serum and CSF HIV-1 RNA levels were measured using a 

commerciall  PCR-based assay with a variable LLQ (Amplicor HIV Monitor Test, Roche 

Diagnosticc Systems Inc., Branchburg, New Jersey, USA). If HIV-1 RNA values were <LLQ, 

thee cut-off values were used as the individual's HIV-1 RNA value in all analyses. 

Inn the ERA study HIV-1 RNA levels in plasma were measured using the NucliSens HIV-1 

QTT assay (Organon Teknika, Boxtel, The Netherlands). When RNA levels decreased to below 

500 copies/ml [14], an initial input volume in the assay of 2 ml plasma was used combined 

withh the ultrasensitive protocol adaptation, resulting in a LLQ of 5 copies/ml. HIV-1 RNA in 

CSFF was measured using the NucliSens HIV-1 QT assay with an input volume of 2 ml, 

resultingg in a lower cutoff level of 40 copies/ml. 

Assays s 

sTNFr-III  and chemokines 

Forr determination of sTNFr-U levels in serum and CSF an ELD3A (enzyme-linked 

immunologicall  binding assay) was used as described previously [15]. The reagents for sTNFr-

III  measurements were kindly donated by Hoffmann-La Roche (Basel, Switzerland). 

Chemokinee concentrations in serum and CSF were measured by ELISA. MCP-1 was 

measuredd using purified monoclonal mouse anti-human MCP-1 (2 microgram/ml; 

PharMingen,, San Diego, CA) as coating antibody, biotinylated rabbit anti-human MCP-1 (1 

microgram/ml;; PharMingen) as detecting antibody and human recombinant MCP-1 
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(PharMingen)) as standard. For determination of IP-10, purified monoclonal mouse anti-human 

IP-100 (4 microgram/ml; R&D Systems) was used as coating antibody, biotinylated goat anti-

humann HMO (50 ng/ml;R&DD Systems) as detecting antibody and recombinant human IP-10 

(R&DD Systems) as standard. Detection limits of the assays were 100 pg/ml (sTNFr-II), 25 

pg/mll  (MCP-1) and 75 pg/ml (IP-10). 

Otherr measurements 

CD4++ T lymphocytes were measured in peripheral blood using immunofluorescence flow 

cytometry.. In the CSF of all ERA- and 8/13 Prometheus-patients, the protein level and white 

celll  count were measured. 

Statisticall  analysis 

AA log JO transformation was performed on all HrV-1 RNA concentration values. Results are 

reportedd as medians and interquartile ranges if not specified otherwise. Kruskal-Wallis and 

Fisher'ss exact test were used to compare baseline characteristics between the three treatment 

groups.. Median sTNFr-II and chemokine concentrations of HIV-infected patients and HIV-

negativee controls were compared using Wilcoxon's two-sample test. Spearman's rank 

correlationn was performed to explore correlations between baseline characteristics. The signed 

logg rank test was used to test whether there were significant changes over time in FflV-1 RNA, 

sTNFr-II,, MCP-1 and IP-10 concentrations. P-values were all two-tailed and were considered 

statisticallyy significant if p<.05. Data were analyzed using the SAS software package (version 

6.12,, SAS Institute, Cary, North Carolina, USA). 

Results Results 

Baselinee characteristics 

Patientss were HIV-1 infected and antiretroviral naive. Their median CD4 T-cell count was 

365/mm33 (range 10-870) at baseline. In the RTV/SQV and RTV/SQV/d4T groups 7/13 

patientss had symptomatic HIV-disease (CDC B or C) as compared to 1/13 in the five-drug 

groupp (Table 1). Patients were not diagnosed with any neurological disease and did not 

experiencee neurological symptoms before or during the study. Two patients in the five-drug 

groupp were treated within 1-2 months after their primary HIY-infection. 

Mediann baseline peripheral blood HFV-1 RNA concentrations were 5.5,4.5 and 4.9 log]0 

copies/mll  for the RTV/SQV, RTV/SQV/d4T and five-drug group, respectively (p=.01). 

Mediann baseline CSF HIV-1 RNA levels were 3.5, 2.9 and 3.6 logio copies/ml (p=.47)(Table 
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2).. No significant correlation was found between baseline peripheral blood and CSF HIV-1 

RNAA concentrations (p=.15). Serum sTNFr-II, MCP-1 and IP-10 concentrations at baseline 

weree higher in the HIV-infected patients when compared to HIV-negative controls (p=.0001, 

p=.00077 and p=.0006, respectively). Baseline CSF sTNFr-H, MCP-1 and IP-10 concentrations 

inn this study population were not significantly different from HIV-negative controls, although 

theyy tended to be higher when compared to the HIV-negative controls (p=.75, p=.06 and 

p=.06,, respectively). Median baseline CSF IP-10 levels were higher in the five-drug group 

whenn compared to the RTV/SQV group or the RTV/SQV/d4T group (p=.01). There were 

significantt correlations between baseline serum and CSF sTNFr-II and serum and between 

CSFF MCP-1 levels (Spearman's p 0.48, p=.01 and 0.42, p=.03, respectively). 

Tablee 1 Baseline characteristics 

n n 

malee gender, n (%) 

age* * 

CDCC classification, n 

A/B/C C 

CD4++ cell count/mm3* 

cellss in CSF/3 ul** 

proteinn in CSF (g/L)*5 

RTV/SQV V 

5 5 

5(100) ) 

422 (26-55) 

3/1/1 1 

2500 (90-500) 

266 (3-49) 

0.333 (0.30-0.35) 

RTV/SQV/d4T T 

8 8 

7(88) ) 

37(31-51) ) 

3/1/4 4 

300(10-870) ) 

17(1-66) ) 

0.333 (0.20-0.50) 

five-drugfive-drug group 

13 3 

13(100) ) 

411 (31-57) 

12/0/1 1 

4500 (30-680) 

55 (0-59) 

0.44(0.18-1.36) ) 

p-value** * 

.26 6 

.81 1 

.04 4 

.80 0 

.45 5 

.49 9 

RTV=ritonavir,, SQV=saquinavir, d4T=stavudine, n=number of individuals, * = median (range), **  = Kruskal-

Walliss or Fisher's exact test for differences between the three treatment groups, § RTV/SQV group: n=2, 

RTV/SQV/d4TT group: n=6, five-drug-group: n=13 

Tablee 2 Median HIV-1 RNA results (range) per treatment group in logio copies/ml 

blood d 

CSF F 

week k 

0 0 

8/12 2 

48 8 

0 0 

8/12 2 

48 8 

n n 

5 5 

5 5 

1 1 

5 5 

5 5 

1 1 

RTV/SQVV group 

5.5 5 

2.8 8 

<2.4 4 

3.5 5 

3.2 2 

<2.5 5 

(5.0-5.9) ) 

(<2.2-3.2) ) 

(-) ) 
(3.4-4.4) ) 

(<2.4-4.9) ) 

(-) ) 

RTV/SQV/d4TT group 

n n 

8 8 

8 8 

3 3 

8 8 

8 8 

3 3 

4.5 5 

<2.4 4 

<2.4 4 

2.9 9 

<2.4 4 

<2.5 5 

(4.4-4.9) ) 

(<2.2-2.8) ) 

(<2.2-<2.4) ) 

(<2.4-4.9) ) 

(<2.0-<2.9) ) 

(<2.3-<2.5) ) 

five five 

n n 

13 3 

13 3 

9 9 

13 3 

13 3 

9 9 

-drugg group 

4.9 9 

<2.6 6 

<0.7 7 

3.6 6 

<1.7 7 

<1.7 7 

(4.1-6.0) ) 

(<0.7-3.8) ) 

(<0.7-<1.7) ) 

(2.5-5.7) ) 

(<< 1.7-3.0) 

(<1.7-<1.7) ) 

bloodd = plasma in the five-drug group/serum in the RTV/SQV- and the RTV/SQV/d4T group; week 8 = = five-

drugg group; week 12= RTV/SQV- and RTV/SQV/d4T group; RTV=ritonavir, SQV=saquinavir, d4T=stavudine, 

n=numberr of individuals, CSF=cerebrospinal fluid 
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Correlationss between baseline HIV-1 RNA and markers of inflammation in serum and CSF 

Inn the peripheral blood only a correlation was found between baseline HIV-1 RNA and IP-10 

levelss (p=.009). Higher baseline CSF HIV-1 RNA levels were significantly correlated with 

higherr baseline CSF sTNFr-H, protein concentrations, and CSF cell counts. Correlations were 

alsoo found between CSF sTNFr-H, IP-10 and protein concentrations. However, CSF MCP-1 

concentrationss did not correlate with CSF HIV-1 RNA, sTNFr-II, IP-10, CSF protein levels or 

CSFF cell counts (Table 3). 

HIV-11 RNA during antiretroviral therapy 

Afterr 8-12 weeks of treatment peripheral blood HIV-1 RNA levels were <400 copies/ml in 2/5 

patientss in the RTV/SQV group, in 6/8 patients in the RTV/SQV/d4T group and in 10/13 

patientss in the five-drug group (Table 2). In all patients with available week 48 samples, 

peripherall  blood HIV-1 RNA was <LLQ at that time point (1/1 in the RTV/SQV group, 3/3 in 

thee RTV/SQV/d4T group, 9/9 in the five-drug group). 

Att weeks 8-12,9/10 patients in the five-drug group reached a CSF HIV-1 RNA level < 400 

copies/mll  and/or <LLQ, compared to 8/8 in the RTV/SQV/d4T group and only 1/5 in the 

RTV/SQVV group. In all patients with available week 48 samples, CSF HIV-1 RNA was <LLQ 

att that time point (Table 2). Because of the different lower limits of quantification of the 

assayss used in the two studies, HIV-1 RNA decline in the five-drug group was larger before 

reachingg the LLQ of the assay. 

Tablee 3 Correlations at baseline within the CSF 

HIV- 11 RNA 

sTNFr-I I I 

MCP-1 1 

IP-10 0 

sTNFr-H H 

0.46* * 

MCP-1 1 

-0.20 0 

0.30 0 

IP-10 0 

0.35 5 

0.49* * 

0.17 7 

protein n 

0.73** * 

0.46* * 

-0.19 9 

0.46* * 

cells s 

0.49* * 

0.21 1 

-0.21 1 

0.28 8 

Correlationss between HTV-1 RNA and markers of inflammation in the CSF, before start of antiretroviral therapy. 

Numberss indicate the Spearman's rank correlation coefficient. sTNFr-II = soluble tumor necrosis factor receptor-

II ,, MCP-1 = monocyte chemoattractant protein-1, IP-10 = interferon-? inducible protein-10, * 0.05 < p-value < 

0.011 in Spearman's rank correlation, **  p-value < 0.01 in Spearman's rank correlation 
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sTNFr-ü,, MCP-1 and IP-10 responses to antiretroviral therapy 

Serumm sTNFr-ü concentrations decreased in all three treatment groups to levels within the 

normall  range by week 48 (median serum sTNFr-U concentration at week 48: 1903 pg/ml). 

Mediann serum MCP-1 and IP-10 levels declined during antiretroviral therapy, although the 

concentrationss remained higher than in the HrV-negative controls (median serum MCP-1 

concentrationn 1612 versus 721 pg/ml, p=.004 and median IP-10 concentration 289 versus 172 

pg/ml,, p=.03) (Figure 1). 

Inn CSF sTNFr-H levels were <LLQ in 15/26 patients at week 0 and in 11/13 at week 48. In 

onee patient on RTV/SQV/d4T CSF sTNFr-H levels increased between week 12 and 48 from 

<1000 pg/ml to 2543 pg/ml, although her CSF HIV-1 RNA remained <LLQ and serum sTNFr-

nn became undetectable. Median CSF MCP-1 levels declined during the first 8-12 weeks. 

However,, between week 8 and week 48 a significant increase in CSF MCP concentration was 

observedd in the five-drug group (median increase 1204 pg/ml, range 577 to 2320, signed log 

rankk test: p=.004), which was much less pronounced in serum (median increase 338 pg/ml, 

rangee -146 to 958). Also the one patient on RTV/SQV who was followed through 48 weeks, 

andd 2/3 patients in the RTV/SQV/d4T group had increases in CSF MCP-1 levels between 

weekk 12 and 48. All of these patients had CSF HfV-1 RNA <LLQ at week 48. The median 

CSFF IP-10 concentration increased during the first 12 weeks in the RTV/SQV group. 

However,, in the RTV/SQV/d4T- and the five-drug group CSF IP-10 levels declined during 

thee first 8-12 weeks and remained stable afterwards. This difference in CSF IP-10 response 

wass also observed when only asymptomatic (CDC stage A) patients were considered. In one 

patientt on RTV/SQV, who reached CSF HIV-1 RNA <LLQ by week 48, the CSF IP-10 

concentrationn increased threefold between week 12 and 48. In one patient on RTV/SQV/d4T 

CSFF IP-10 levels increased during the first 12 weeks, although CSF HIV-1 RNA became 

<LLQ.. In another patient on RTV/SQV/d4T CSF IP-10 levels increased between week 12 and 

488 from 177 pg/ml to 653 pg/ml, although CSF HIV-1 RNA remained <LLQ (Figure 2). In the 

peripherall  blood, both HrV-1 RNA and IP-10 levels declined during therapy in these patients 

withh increasing CSF IP-10 concentrations. 
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Figuree 1 Peripheral blood HIV-1 RNA, sTNF77r-II, MCP-1 and IP-10 concentrations 
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Figuree 2 Individual results of CSF HIV-1 RNA, sTNFr-II, MCP-1 and IP-10 concentrations by 

treatmentt regimen 
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Discussion Discussion 

Manyy data favor the contention that the CNS should be considered as a separate compartment 

inn which HIV can replicate independently from the peripheral blood [6]. In untreated patients 

evidencee for compartmentalization of the infection is found in the lack of association between 

CSFF HIV-1 RNA levels or CSF abnormalities and plasma HIV-1 RNA [16-19]. Also in this 

study,, we did not find a correlation between baseline CSF and peripheral blood HIV-1 RNA 

levelss in this study. 

Inn treated patients, penetration of drugs into the CNS may be suboptimal, resulting in a 

differentt virological response in CSF compared to the rest of the body [8,9]. In order to 

exploree the differential effects of antiretroviral therapy in CNS versus peripheral blood, we 

measuredd inflammatory markers in the CSF and peripheral blood of patients on antiretroviral 

therapiess that differ in their ability to penetrate the CNS. 

Wee specifically measured MCP-1 and IP-10 as these are the most sensitive markers of 

inflammationn in children with non-HIV viral meningitis [20]. In untreated asymptomatic HIV-

11 infected patients, CSF MCP-1 concentrations are elevated, reflecting macrophage activation 

[21-23].. This is probably a result of viral replication, as MCP-1 in CSF is correlated with CSF 

HIV-11 RNA levels [16,22]. Elevated expression of IP-10 has been shown in the brain of 

macaquee monkeys with SIV encephalitis [24]. Although the relative immune activation in the 

brainn can also be demonstrated by immunostaining for TNF-oc and other cytokines [25,26], 

CSFF concentrations of TNF-a, BL-6 and the chemokines MlP-lot, MIP-16 and RANTES are 

beloww the detection limit in most asymptomatic patients [18,21,22,27]. 

Wee also measured sTNFr-II concentrations, as persistent TNF activation potentially plays a 

rolee in the pathogenesis of the HIV infection and can predict progression to AIDS [28]. 

Upregulationn of sTNFr expression on macrophages and microglia is demonstrated in the 

brainss of ADDS patients without encephalitis [26]. 

Wee have shown that therapy with RTV/SQV without nucleoside analogue reverse 

transcriptasee inhibitors results in rapid declines of peripheral blood HIV-1 RNA 

concentrationss to <LLQ in most patients. However, CSF HIV-1 RNA remained detectable in 

thee majority of these neurologically asymptomatic patients at week 12 [8]. CSF IP-10 and 

sTNFr-III  concentrations increased in those patients who did not reach CSF HIV-1 RNA 

<LLQ. . 

Neurologicallyy asymptomatic patients using antiretroviral combination therapies including at 

leastt one drug that penetrates well into the CSF (d4T in the RTV/SQV/d4T group, all drugs in 

thee AZT/3TC/ABC/NVP/TDV group [7]), showed declines of HIV-1 RNA concentrations in 
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bothh their peripheral blood and CSF. A decline in peripheral blood HIV-1 RNA was 

accompaniedd by declines of markers of inflammation in the peripheral blood. Surprisingly, 

virologicall  responses and sTNFr-II-, MCP-1- and IP-10 responses to antiretroviral therapy in 

CSFF were not concordant in all patients. Some patients with a good virological response to 

therapyy in CSF showed an increase in CSF sTNFr-II, MCP-1 and/or IP-10 concentrations. 

Theree was no clear pattern of clinical stage or baseline CD4 cell count in patients with 

discongruentt CSF responses. In addition, we observed a significant increase in CSF MCP-1 

concentrationss between week 8-12 and week 48 in the whole study population, although CSF 

HIV-11 RNA was <LLQ at week 48 in all patients. 

Thee visit schedule differed between the ERA- and Prometheus study. Comparing samples 

fromm 8 weeks since start of antiretroviral therapy may give a disadvantage when compared to 

sampless obtained after 12 weeks of treatment. However, this was not observed. The tests used 

forr HIV-1 RNA measurements were different for the two studies. In the Prometheus study the 

Rochee Amplicor was used for serum and CSF. In the ERA study the NucliSens assay was 

usedd for plasma and CSF. Although there are differences between the tests and the test fluids 

used,, results are reported to be strongly correlated [29]. 

Thee observed decrease of plasma sTNFr-II and MCP-1 levels in patients with a good 

virologicall  response is confirmed by other reports [30,31]. During therapy with zidovudine 

CSFF neopterin and B2-microglobulin levels have been reported to decrease [32,33], but no data 

aree available on markers of inflammation in CSF during more potent antiretroviral therapy. 

Thee important question is how to explain increasing CSF chemokine levels in neurologically 

asymptomaticc patients who have a good virological response to antiretroviral therapy. 

Monocytes,, macrophages and endothelial cells are the main cellular source of MCP-1 and IP-

100 [23]. Because in our study serum levels of these chemokines were lower than CSF levels 

andd serum chemokine concentrations did not increase during follow-up, the MCP-1 and IP-10 

inn CSF were most likely produced locally. The primary brain cells that are infected by HIV-1 

aree cells of the monocyte lineage [34,35]. HIV-1 replication in cultured human monocytes 

resultss in an upregulation of MCP-1 secretion [16,36]. HIV-TAT also increases MCP-1 

releasee by astrocytes in vitro [22]. Therefore, the most likely explanation for the increase in 

chemokinee levels observed in our study is HrV-1 replication. We could not document such 

locall  HIV-1 replication, as we did not see an increase in CSF HIV-1 RNA. However, in 

plasma,, markers of inflammation can increase long before virological failure is evident [30]. 

AA longer follow-up is required to definitely rule out virological failure as the cause of the 

increasingg chemokine levels. 
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Whateverr the cause, increasing CSF chemokine levels are unwanted. MCP-1 is a major 

mediatorr of CSF chemotactic activity on monocytes [20]. MCP-1 and IP-10 both attract 

activatedd T cells [20,37]. When activated T cells are attracted to the CNS and chemokines are 

secretedd as a result of HIV replication by the activated T cells, a positive feedback loop may 

occur. . 

Inn conclusion, potent antiretroviral therapy including CSF-penetrating drugs reduced CSF 

HIV- 11 RNA levels to <LLQ. However, in some patients increases of CSF chemokine levels, 

whichh are associated with HIV replication, were observed during therapy. Residual HIV 

replicationn in the central nervous system, which could not be detected with CSF HIV-1 RNA 

measurements,, may account for this phenomenon. Further studies are needed to explore 

whetherr increases in CSF chemokine concentrations, despite declines in CSF HIV-1 RNA 

levelss to <LLQ, indeed reflect local HIV-1 replication. 
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