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This study investigates fasting serum levels of methionine and related metabolites, vitamin Bg, and folate during highly active
antiretroviral therapy in therapy-naive human immunodeficiency virus (HIV)-1-infected outpatients. The research design
consisted of before and during therapy measurements with a median treatment period of 100 days (range, 50 to 188) in frozen
samples. The subjects included 17 consecutive HIV-1-infected outpatients (15 men and 2 women; 25 to 65-years-old). Controls
were 42 healthy individuals (28 men and 14 women; 24- to 82-years-old) without serologic evidence of HIV and/or hepatitis
C infection and normal clinical chemistry. Subjects received treatment with the reverse transcriptase inhibitors, azidothymi-
dine (AZT) or stavudine (D4T) plus lamivudine (3TC) and either the protease inhibitors, indinavir (IND), nelfinavir (NELF),
ritonavir (RITV), or saquinavir (SAQ) at the standard dosage. Serum concentrations of methionine, total homocysteine (tHcy),
cystathionine (CYSTA), N,N-dimethylglycine (DMG), N-methylglycine (MG), methylmalonic acid (MMA), and total cysteine, as
well as vitamin Bg, folate, and soluble tumor necrosis factor receptor p75 were taken at baseline and during highly active
antiretroviral therapy. Baseline, serum tHcy, MMA, CYSTA, vitamin Bg concentrations were not significantly different from
healthy controls. There was, however, a trend towards lower folate serum concentrations at baseline in HIV-infected patients
as compared with healthy controls (P = .06). There were no significant correlations between tHcy and vitamin B, folate, or
MMA. Elevated baseline levels of DMG and MG decreased significantly during antiretroviral therapy (P = .0019 and .04,
respectively), whereas no significant changes in serum concentrations of CYSTA, MMA, or methionine were detected. tHcy
increased in 12 of 17 patients (P = .09). HIV-infected patients displayed significant alterations (elevated DMG and MG serum
concentrations) in metabolite levels of the betaine pathway in methionine metabolism, which might be positively influenced
by newly initiated antiretroviral combination therapy.
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NTERMEDIATES OF AMINO acid metabolism are in- cholesterolemia, hypertriglyceridemia, beta cell dysfunction,

creasingly used as surrogate markers for evaluation of th@eripheral insulin resistance, and alterations in cortisol and
status of vitamins needed as coenzymes in the respective pattiehydroepiandrosterone that are induced by HAART, fre-
ways?-3 For example, determination of serum concentrations ofquently accompanying the newly defined lipodystrophy syn-
intermediates of methionine and propionic acid metabolismdrome11-15 On the other hand, HAART has been shown to
(Fig 1), total homocysteine (tHcy), cystathionine (CYSTA), significantly improve CD4-cell count and survival in HIV
and methylmalonic acid (MMA) provided novel insight that infectioné Therefore, the investigation of all known risk fac-
functional availability of vitamin B, vitamin B,,, and folate in  tors for vascular disease in HIV disease is highly recom-
a healthy geriatric population appeared to be reduced despitgended. Results of epidemiologic studies strongly suggested
normal serum vitamin levelsThis indicates that determina- that elevated fasting tHcy concentrations are an independent
tions of vitamin B, vitamin B, ,, and folate concentrations give s factor for vascular disease and venous thrombosis in the
only an incomplete picture of their functional availability. The general populatiof?-20 However, data from prospective stud-
overall integrity of a particular amino acid pathway in different ;o5 \vere less consiste®f2! In the absence of genetic alter-

disease states might be better examined by additional metabggiqngz2 23homocysteine metabolism depends on the availabil-
lite assessment. In human immunodeficiency virus (HIV)-in-
fected outpatients, the prevalence of serum vitamjnvBamin
B.,, and folate deficiency was not increased compared with th
general population it may, however, increase in advanced
disease stag@aMoreover, methionine concentrations in serum
were decreased in HIV-infected individuals in comparison with
healthy persong8 The transsulfuration pathway provides sul-
fur from methionine and the carbon skeleton from serine for the From the Department of Internal Medicine 1, University of Bonn,
biosynthesis of cysteine, which is subsequently used to fornonn; Severi Med, Vhster, Germany; and the Department of Internal
glutathione (GSH), a ubiquitous intracellular antioxidant (seeMedicine, University of Colorado, Denver, CO.

Fig 1 for more details). Submitted October 19, 2000; accepted April 6, 2001.
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was possibly related to metabolic abnormalities, such as hyper- doi:10.1053/meta.2001.27201

ity of vitamin B,,, folate, and vitamin B Accordingly,
deficiencies in these vitamins may significantly increase tHcy
fevels. Ina prospective, nested cohort study, it was also shown
that higher fasting vitamin Blevels offered independent pro-
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Fig 1. In the first step of transmethylation/transsulfuration, methionine and adenosine triphosphate (ATP) condense to form SAMe, the sole
methyl donor in numerous methylation reactions involving DNA, proteins, phospholipids, biogenic amines, as well as creatine and carnitine
synthesis. The availability of SAMe is considered to be the key condition for regulating the activity of methionine metabolism.454¢ High SAMe
levels lead to increased transsulfuration, whereas low SAMe levels result in increased remethylation of homocysteine. SAMe is subsequently
demethylated to homocysteine, which condenses with serine to CYSTA, a thioether-containing amino acid without known function other than
being an intermediate for the biosynthesis of cysteine. In conditions in which methionine is in excess or cysteine synthesis is required,
homocysteine enters the transsulfuration pathway, a reaction that depends on vitamin Bg. CYSTA is cleaved by y-cystathionase to cysteine plus
ammonia and a-ketobutyrate. Cysteine is further metabolized to taurine or used for the synthesis of GSH and proteins.

tection against coronary artery disease, after adjustment fothose of soluble tumor necrosis factor receptors p75 (STNFR
other risk factors, when tHcy was no longer associatela. p75), the only immune marker known to increase the prognos-
previous studies, fasting tHcy concentrations in HIV-infectedtic utility of HIV-RNA determination in early-stage HIV dis-
individuals were not significantly increased when comparedease®
with healthy control$#.25
Fasting serum levels of methionine and related metabolites,

ie, tHey, CYSTA, N,N-dimethylglycine (DMG), and N-meth- ) .
ylglycine (MG), as well as vitamins B folate, and the vitamin Patients and Control Subjects
B,, surrogate MMA were measured in the present study to The study group comprised 17 HIV-1-infected individuals (15 men,
characterize methionine metabolism in therapy-naive HIV-in-2 women; median age, 36; range, 25 to 65 years) sequentially present-
fected outpatients. Furthermore, we measured the changes {9 &t our outpatient department between December 1997 and May
serum concentrations of these metabolites and vitamins during?38: Who were assigned to start protease inhibitor (PI)-containing
therapy to determine whether they are influenced by HAART. AART' The visit when blooq was drawn for t.he first CD4-count

; . . . . analysis and assessment of viral load after starting HAART was des-
A particular aim was to 'nveSt,lgate whether HAART, Increas‘esignated “treatment visit”. This cohort was described in more detail in a
tHey and/or decreases vitamins Br folate levels, which may  hrevious prospective study of our grotipThe sera were frozen at
further extend the atherogenic risk profile of HIV-infected —20°c immediately after blood was drawn, and storage time did not

individuals receiving HAART. Finally, the changes of methi- exceed 12 months. Seven patients were at stage C3, 3 at stage B3, 1 at
onine-related metabolites during HAART were compared withstage B2, 4 at stage A3, 1 at stage A2, and 1 at stage Al according to

PATIENTS AND METHODS
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the Centers for Disease Control and Prevention (CDC) 1993 classifiusing a commercially available kit, NASBA, by Organon Teknika bv
cation system for HIV infectio#® (Table 1). Three patients had ongoing (5281 RM Boxel, The Netherlands). The limit of detection was 8
treatment of opportunistic infections and 1 had developed a neoplasntopies/mL.

Patient no. 4 was diagnosed with HIV encephalopathy and had evi-

dence of active cytomegalovirus (CMV) infection (early antigen pos- petermination of STNFR p75 in Serum

itive, immunoglobulin (Ig)M positive, and isolation of CMV from urine ) ) )
2 weeks later) at the treatment visit, reflecting CMV reactivation under Serum concentrations of STNFR p75 were determined on a Multi-
immune reconstitution. The second patient (no. 5) had positive stoofan Titertec MCC 340 enzyme-linked immunosorbent assay (ELISA)

cultures for Salmonella species at baseline and, as well, at the treatmef2der, using a commercially available ELISA kit (synELISA-kit by

visit. He was also diagnosed with prostate cancer at an early stage. THe-/AS: Freiburg, Germany).

third patient (no. 6) was being treated for cerebral toxoplasmosis with

sulfadiazine and pyrimethamine. No patient or healthy control took Statistics

vitamin supplements as documented by history. All patients had normal 1,4 Mann-WhitneyU test was applied for group comparison of

kldney and liver function as indicated by sgrum creatinine cc?n,c,ent"a'baseline levels of methionine metabolites. Comparison of the effects of

tions = 1.2 mg/dL and normal serum aminotransferase activities alyga1ment hetween baseline and treatment visit in the same patient was

baseline. ) o ) ) analyzed using the Wilcoxon signed rank test for paired samples.
The control group consisted of 42 healthy individuals with no history Analysis of correlation was performed using the Spearman coefficient.

of metabolic and cardiovascular ilinesses (28 men, 14 women) with 3\ p value< .05 was considered statistically significant and <0 <

median age of 48, range, 24 to 82 years, who had no serologic evidenc& as a trend. The SPSS software package 8.0.0 (SPSS, Chicago IL) was
of HIV and/or hepatitis C infection and had normal laboratory findings used for all calculations.

(red and white blood cells and thrombocytes, liver transaminases, and

serum creatinine). This cohort has already served as part of a control

group published in another study of our grédpitamin Bg and folate RESULTS

concentrations were determined in a subset of 23 individuals from the Patient characteristics and changes in metabolites, HIV sta-
control group (15 men, 8 women; median age, 46 years; range, 25 tqs, and treatment duration are shown in Table 1. There was a
64). Normal values for STNFR p75 in serum were 4@/mL, 95%  megian time between baseline and treatment visits of 100 days

) . i 30 L . .
confidence interval (Cl), 2.9 10 6.6, 153 Informed consent was 000 50 to 188). A significant decrease in the viral load was
obtained from all participants before blood was drawn. The study was

approved by the local ethics committee and followed the guidelines ofObseerEdl in all patlents_. CD4 cell C(?unt mproved r?nd STNFR
the 1975 Declaration of Helsinki and its current revision. p75 levels decreased in 14 (82.4%) patients. There was no

correlation between the changes in CD4 count, viral load,
Treatment Schedule and Assessment of Clinical Status duration of treatment, and the changes seen in methionine-

All patients were entirely antiretroviral-naive when starting HAART related ?,eta£0|lte§' No Caﬁe of Ilpodystrlolphy Syr;FIrome has
and underwent full clinical evaluation. The indication to apply HAART emerged in the patients at the treatment visit. Baseline concen-

was based on prevailing therapy-standardsilV-RNA > 10,000 trations of tHcy, MMA, CYSTA, and total cysteine, as well as
copies/mL serum, progressive loss of CD4-cells in bloed 500 vitamin Beconcentrations, were not significantly different from
cellsjuL], or symptomatic HIV infection or acquired immunodefi- healthy controls. Six of 17 patients (35%) and 6 of 23 healthy
ciency syndrome [AIDS]). All patients received the reverse transcrip-controls (26%) had serum folate levels below 2.3 ng/mL, the
tase (RT)-inhibitors, azidothymidine (AZT) or stavudine (D4T) plus |ower threshold for deficiency,and the difference was not
lamivudine (3TC), and 1 of the protease inhibitors, indinavir (IND), sjgnificant. Serum CYSTA concentrations at baseline were
nelfinavir (NELF), ritonavir (RITV), or saquinavir (SAQ) at standard jcreased in only 1 of the patients and in 2 of the healthy
dosage regimens. individuals, indicating that overall, no functional vitamin, B
deficiency was preseftThe mean serum methionine concen-
tration in the patients was significantly lower, and DMG and
MG concentrations were significantly higher in the patients as

The concentrations of methionine and its metabolites in serum Wemcompared with healthy controls at baseline (Table 2).
measured by capillary gas chromatography-mass spectrometry as pre- |, nivariate analysis, there were no significant correlations
viously described:** between tHcy and vitamin B folate, and MMA, respectively.
Six of 17 patients (35%) and 14 of 42 (33%) healthy controls
o ) ) ) ~ . had baseline tHcy levels above 1Qu&ol/L, the upper thresh-

Vitamin B in serum was determined by high-performance liquid ¢ |eve| indicating increased risk for vascular complicatihs.
chromatography (HPLC). as previously dgsanédpd folate n serum .Although the changes in serum concentrations of tHcy during
was determined by using a commercially available radioassay kit s Lo
(Becton/Dickinson, Orangeburg, NY). treatment _6—22% + 34%) were _not _statlstlcally S|gn|f|ca_nt,

tHcy had increased from baseline in 12 of the 17 patients

Determination of the CD4 Count and HIV-RNA (70.6%), reaching borderline significande@ € .09, Wilcoxon

CD4 cells were determined on a Becton/Dickinson—FACScan—ﬂow—Slgn.ed r.ank tesk> = .06, palreq test). No direct measurement
cytometer using Simultest IMK-lymphocyte antibodies from Becton/ of Y'tamm, By, Conce.ntraFlonS in serum was perfprmed, yet. no
Dickinson (Heidelberg, Germany). The absolute number of the lym-Patient displayed vitamin B deficiency according to their
phocyte subsets was calculated on the basis of automated white blosgerum MMA levelst Only 1 individual from the group of
cell counts using an autodifferential (H1, Technicon, Tarrytown, NY). healthy controls had a slightly elevated MMA level of 492
Quantitative HIV-(1)-RNA measurements in serum were performedumol/L.

Determination of Methionine, tHcy, CYSTA, MMA, DMG,
MG, and Total Cysteine in Serum

Determination of Vitamin Band Folate
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Table 1. Patient Characteristics Changes in Metabolites and Folate Between Baseline and the Treatment Visit

Changes in Duration of
Patient Sex/Age tHey DMG Folate sTNFR p75 CcDa* HIV-RNA HAART
No. cbc (M/Flyr) Therapy Combination (wmol/L)* (%) (umol/L) (ng/mL) (ng/mL) cells/uL (log 10) (days)
1 C3 M/53 AZT, 3TC, NELF —4.1(—25) —5.39 +0.1 —27.2 +179 -3.11 135
2 C3 M/65 DA4T, 3TC, NELF +3.3(+37) —4.19 +15.8 -13.8 +135 —3.36 97
3 C3 F/25 DAT, 3TC, NELF +0.4 (+9) -3.94 +2 —-4.7 nd -3.47 126
4 C3 M/49 DA4T, 3TC, NELF +3.2 (+30) —7.41 +1.6 -9.7 +83 -1.89 97
5 B3 M/59 DA4T, 3TC, NELF +7.2 (+47) -0.34 —-2.5 +12.3 +100 —-2.5 77
6 C3 M/35 AZT, 3TC, NELF +2.3 (+77) +2.37 -3.1 +1.4 +50 -3.31 131
7 A3 M/40 DA4T, 3TC, IND —1(-16) +0.33 +0.5 —0.1 +287 —3.58 113
8 B3 M/39 3TC, D4T, IND +3.7 (—66) -0.5 -0.2 —4.5 —28 -1.51 86
9 A3 M/30 DAT, 3TC, IND, RITV +0.7 (+7) —2.35 -1.6 +0.4 +233 -3 84
10 C3 M/29 IND, RITV, DA4T, 3TC -1.7(-12) —1.56 +0.5 —-3.2 +92 -29 88
11 A1l M/25 AZT, 3TC, RITV, SAQ +4.6 (+56) —2.02 +1.6 -0.7 +142 —2.07 98
12 A3 M/34 3TC, IND, RITV, DAT +0.9 (+19) —-1.4 -04 —-2.7 +96 -2.90 132
13 A2 M/32 DA4T, 3TC, IND —0.4 (—5) -0.37 +1.6 -0.2 +103 —1.59 62
14 B3 F/37 DA4T, 3TC, NELF -1.4 (-15) —1.43 +3.2 —-7.1 +326 —2.07 188
15 C3 M/39 3TC, NELF, D4T +3.3 (+85) —-1.59 +1.2 -13 +269 -29 50
16 B2 M/35 DA4T, 3TC, IND, RITV +0.2 (+2) +0.53 +3 —2.8 —24 -3.15 50
17 A3 M/36 D4T, 3TC, IND +0.9 (+7) —1.52 +0.8 —6.8 +37 —2.32 90

Abbreviations: M, male, f, female; AZT, azidothymidine; D4T, stavudine; 3TC, lamivudine; IND, indinavir, NELF, nelfinavir; RITV, ritonavir; SAQ,
saquinavir.
*Indicates changes of tHcy in percent compared with baseline.

There were no significant correlations between the changes DISCUSSION
in folate, vitamin B, and homocysteine. Treatment duration ) ) ) .
also did not influence these parameters. A significant increase 1NiS study is the first to show data of serum concentrations
in total cysteine and a significant decrease in DMG and MGOf various intermediates of the 1-carbon metabolism of methi-
concentrations in comparison to baseline levels was observe@nine and their changes during HAART in initially therapy-
(Table 2). Baseline levels of DMG and MG were significantly nNaive HIV-infected patients. Using an improved gas chroma-
correlated (Rho: 0.64® = .005;r = .761,P < .001). The tography/mass spectrometry (GC-MS) technique provided
changes of DMG and sTNFRs p75 from baseline were alsgsensitive and reliable analytical precisi#hThe data confirm
significantly correlatedr(= .59, P = .003). There were no previous findings that serum concentrations of methionine are
significant correlations between methionine, methionine-re-decreased in the HIV-infected hds¥ whereas in contrast to
lated metabolites, vitamins, and serum creatinine. other report$>-3¢this was not the case for total cysteine.

Table 2. Serum Concentrations of Methionine-Related Metabolites, Vitamine Bg and Folate in 17 HIV-Infected Patients at Baseline and
During HAART (Treatment Visit) and Healthy Controls

HIV-Infected Patients HIV-Infected Patients P Value P Value
Parameter (baseline) (treatment visit) v Baseline Healthy Controls v Patients at Baseline

Methionine (umol/L) 21.7 (20.1-23.5) 20.5 (19.8-22.6) NS 25.1 (24-27.3) .015
Total homocysteine (umol/L) 8.9 (6.8-11) 10.2 (7.9-12.4) .09 9.5 (8.3-11) NS
Cystathionine (nmol/L) 169 (111-286) 217 (142-293) NS 234 (170-297) NS
Total cysteine (umol/L) 263 (235-291) 297 (268-325) .01 268 (251-283) NS
N,N,-dimethylglycine (umol/L) 5.8 (4.6-6.9) 3.94 (3.2-4.7) .006 3.8(3.4-4.1) .0019
N-methylglycine (umol/L) 2.2 (1.6-2.7) 1.54 (1.2-1.9) .002 1.8 (1.5-2.0) .040
Methylmalonic acid (umol/L) 138 (100-176) 186 (81-291) NS 160 (138-181) NS
Vitamine Bg (ng/mL) 11.9 (10.7-13.2) 15.7 (8.8-22.7) NS 14.4 (8-25.3)* NS
Folate (ng/mL) 3.8 (1.0-6.5) 5.2 (1.8-8.5) NS 6.8 (1.6-15)* .06
sTNFR p75 (ng/mL) 13.5(9.3-17.8) 8.7 (5.9-11.4) .01 4.0 (2.9-6.6)t .001
Serum creatinine (mg/dL) 0.89 (0.75-1.06) 0.90 (0.81-1.1) NS 1.0 (0.7-1.1) NS

NOTE. Comparison between baseline values of HIV-infected patients and healthy controls was performed by the Mann-Whitney U test.
Comparisons of the values at baseline and at the treatment visit for each patient was performed using the Wilcoxon signed rank test for paired
samples. The values represent mean values. The numbers in parentheses indicate the respective 95% confidence intervals.

Abbreviation: NS, not significant.

*The normal range for sTNFR p75 in serum was obtained from 15 healthy individuals from a previous study of our group.3°

tn = 23.



METHIONINE-RELATED METABOLITES DURING ANTIRETROVIRAL THERAPY OF HIV 1279

Several novel aspects were found: (1) baseline levels otontaining amino acids in HIV infection. Since in healthy
DMG and its catabolic product, MG, were significantly in- humans a sparing effect of cystine on the requirement for
creased in therapy-naive HIV-infected patients compared wittmethionine is possible, although discussed controvetstais
the control group and, interestingly, they both normalized dur-might become relevant in conditions such as extreme protein-
ing HAART in parallel with the reduction of viral load and of calorie malnutrition or HIV infection. Therefore, HIV-infected
STNFR p75 and with the increase in CD4 count. (2) Theindividuals, irrespectively whether treated or not, might per se
significant increase in total serum cysteine, although within thehave increased requirements of sulfur-containing amino acids
normal range, should be pointed out, because the role of cysand/or vitamin B. This is in line with a very recent research
teine as the limiting amino acid for glutathione synthesis hadetter showing markedly decreased hepaticystathionase ac-
recently been extensively investigated in HIV dise¥s®,;37-40  tivity (reaction no. 9, Fig 1) measured postmortem in 3 end-
and it might be interesting to further search for restorativestage patients with AIDS compared with healthy pers@mns.
changes in GSH metabolism with sensitive and specific assaygeneral decrease ipcystathionase in HIV-disease, however,
during HAART. (3) There was no excessive increase in tHcyshould be accompanied by elevated serum cystathionine con-
and no significant change in serum levels of MMA (vitamin centrations. Our data showed normal serum cystathionine lev-
B,, surrogate), folate, and vitamin sBduring short-term els in 16 of 17 of the HIV-infected patients and also normal
HAART. vitamin B concentrations, which is not suggestive of impaired

Metabolism of homocysteine depends on methionine intakede novo cysteine synthesis on the level wtystathionase.
in relation to the availability of riboflavin, vitamins B B,,, Taken together, the disease stage seems to play a crucial role in
folate, and S-adenosylmethionine (SAMe). Thus, if the drugsthe changes of transsulfuration metabolism elicted by HIV
used in HAART are responsible for changes in tHcy concen-infection.
trations, this is supposed to be mediated through modification Cytokine excess (eg, TNF abundance) and oxidative stress
of one of these parameters. During the short follow-up periodcan alter enzyme activities via nucleophilic attack by oxygen
no significant changes in body weight or changes in dietaryradicals of vulnerable sites of the apo-enzyrffeShe parallel
habits, as documented by history, were reported by the patientseduction of serum levels of DMG and MG with STNFRs p75,
Folate deficiency can cause elevation in serum DMG and MGe, the significant correlation between the changes of sSTNFR
concentrations in human,possibly mediated through an in- p75 and DMG, suggests a connection between the normaliza-
creased activity of betaine-homocysteine methyltransferase (reion of the pathologic immune activation state in HIV disease
action no. 4, Fig 1), the enzyme that uses homocysteine asia reduction of the viral load) and the restoration of malfunc-
substrate and methyl groups from betaine, in an effort totioning amino acid metabolic pathways.
replenish low methionine levels independently of folate and We have to address several shortcomings of this study.
vitamin B;,. Serum methionine concentrations in our patientsUnfortunately, it is not possible to reliably determine SAMe or
were indeed decreased, and there was also a trend towar@SH concentrations in frozen samples or in tissues. This would
lower folate levels. However, the decreased methionine levelfiave been important, because SAMe is the key regulator com-
have been found in the absence of vitamip, Bleficiency  pound of methionine metabolism and exerts inhibitory and
(MMA levels were normal) and were not correlated with low stimulatory effects on different enzymatic stépS.he metab-
folate concentrations. There was also no particular associationlism of GSH and of SAMe has been extensively investigated
between the 6 patients with folate concentrations below then patients with liver disease*6-50Published data about SAMe
threshold considered to indicate deficieney2(3 ng/mL) and in HIV-infected humans indicate a low-methylation ratio in
the highest DMG and MG levels found in the patients. It would cerebrospinal fluigt and increased erythrocyte levels of
also be conceivable that elevated DMG at baseline is a consesSAMe 25 whereas cerebrospinal fluid levels were decreased
quence of tissue wasting with loss of phosphatidylcholine fromcompared with healthy contro8:51 Furthermore, more formal
membranes, giving rise to choline that would be metabolized talocumentation of the dietary intake of vitamins and protein
betaine and DMG. before and during HAART would have been desirable. At least,

Overall, the decreases of DMG and MG towards normalit could be excluded that high-potency supplements were con-
values during HAART might be regarded as beneficial changessumed.
indicating amelioration of membrane degradation and improve- In summary, HIV-infected outpatients displayed significant
ment of formerly inappropriately functioning metabolic path- alterations in the betaine pathway of methionine metabolism,
ways in HIV disease. Yet, this was not accompanied by nor-which were positively influenced by HAART. The results of
malization of methionine concentrations in serum, which is inthis study may be clinically relevant, because they show addi-
line with a recent report showing that HAART was not able to tional and hitherto unknown biologic effects of HAART be-
overcome considerable alterations of cyst(e)ine metabolism isides reduction of viral load. It might be speculated whether
HIV disease, caused mainly by massive renal loss of séfur. vitamin Bg, B,,, and folate repletion in HIV patients receiving
Low levels of methionine in plasma, even in stable HIV- HAART provides additional benefits in terms of risk for car-
infected patients, might thus be attributed to increased proteimiovascular disease. Tracer studies using stable isotopes, in
turnover and catabolism of peripheral muscle tissue with cys-addition to measurement of SAMe, GSH, and betaine concen-
teine being the limiting amino acid. In addition, concomitant trations and enzyme activities in tissues could provide further
activation of methionine transsulfuration to cyst(e)ine has beernnsights in the regulation of those pathways and the changes
presumed. Only little is known about metabolism of sulfur- induced by HAART.
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