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Abstract
Objective
Our first objective was to compare plasma total homocysteine (tHcy) concentrations in juvenile idiopathic arthritis
(JIA) patients requiring methotrexate (MTX) treatment and healthy children. Our second aim was to evaluate the
influence of low-dose (10-15 mg/m?/week) MTX treatment combined with folic acid supplementation (1 mg/d) or
placebo on tHcy concentrationsin JIA patients.

Methods
In 17 JIA patients and 17 age- and sex-matched healthy children, baseline tHcy concentrations were measured.
When MTX treatment was initiated, JIA patients were randomly assigned to folic acid 1 mg/d/p.o. followed by
placebo (8 weeks each) or vice versa. Blood samples for measurement of tHcy, vitamin B, B,, and folate were taken
after 4 weeks, 12 weeks and 20 weeks of treatment.

Results
1) In the healthy children the mean tHcy concentration was 6.3 + 1.68 umol/I as compared t0 9.99 + 5.17 umol/l in
JIA patients (p < 0.04). At baseline, 5/17 JIA patients had tHcy concentrations > 10.5 umol/I, the 99th percentile
for teenagers. 3/5 patients even exceeded the upper normal level for adults (tHcy = 15 umol/l). MTX treatment did
not result in a significant increase of tHcy and folic acid supplementation had no significant impact on tHcy levels.

Conclusion
This pilot study shows that patients with JIA requiring MTX treatment have significantly elevated baseline plasma
tHcy concentrations compared to age- and sex-matched healthy controls. No significant impact of MTX and folate
supplementation on tHcy concentrations was found.
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Introduction

Homocysteine (Hcy) is a sulfur con-
taining amino acid derived from the
essential amino acid methionine. Hcy
is either metabolized via vitamin By
dependent pathways to cysteine or
transmethylated via folate and vitamin
B,, dependent pathways to reform
methionine (1) by the enzyme methion-
ine synthase (MS, gene symbol: MTR)
which requires methionine-synthase
reductase (M SR, gene symbol: MTRR)
to maintain functional activity (2, 3).
The folate metabolite 5-methyltetrahy-
drofolate — derived by the enzyme
5,10-methylenetetrahydrofolate-reduc-
tase (MTHFR, gene symbol: MTHFR)
— is an essential cofactor in the Hey
pathway (Fig.1) (4). Hcy concentra
tions depend on age, sex and ethnic
background (5). Hey isaclinicaly rel-
evant parameter: increased total Hcy
(tHcy) plasma levels (referred to as
tHcy levels > 15 nmol/l) (6) are associ-
ated with coronary artery disease, pre-
mature stroke and venous thrombosis
(7-11). Furthermore there is increasing

evidence indicating that even mild
hyperhomocysteinemia (tHcy levels:
10 - 15 mmol/l) is related to vascular
disease (6, 7).

Folate is one of the key factors in
hyperhomocysteinemia. Insufficient
vitamin supply as well as genetic pol y-
morphisms in genes encoding for key
enzymes of the Hcy pathway such as
the TT genotype of the MTHFR
677C® T polymorphism, compound
heterozygosity for the MTHFR 677T
and MTHFR 1298C allele, the MTR
2756A® G polymorphism of the gene
coding for MS, as well as MTRR
66A® G (12) and MTRR 997C® G
(13) located in the gene encoding MSR
are associated with mild and moderate
hyperhomocysteinemia. The MTHFR
677C® T polymorphism and the com-
pound heterozygous genotype for
MTHFR 677T and MTHFR 1298C can
result in an increased need for folate (4,
14). Other factors contributing to
hyperhomocysteinaemia are immobili-
ty, smoking, chronic disease (eg.
hypothyroidism, renal failure or chron-
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Fig. 1. The metabolic pathway of Hcy. THF = tetrahydrofol ate.
Enzymes. MTHFR = methylene tetrahydrofolate reductase; MS = methionine synthase; MSR =
methionine synthase reductase; CBS = cystathionine synthetase (gene symbols in brackets)
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ic inflammatory diseases) (15).
Methotrexate (MTX), a widely used
disease modifying drug in patients with
juvenile idiopathic arthritis (JA) (16)
is a folic acid analogue and thus a
potent competitive inhibitor of dihy-
drofolate reductase. It is known that in
adults with rheumatoid arthritis (RA)
or psoriasis, plasma folate pools
become depleted during long-term low-
dose treatment with MTX (17, 18) and
hyperhomocysteinaemia has been
observed (19-21). Interestingly, the
incidence of cardiovascular disease in
RA patients is higher than in heathy
controls (22). Folic acid supplementa
tion has been shown to alleviate hyper-
homocysteinemia (18, 23, 24). In chil-
dren Ravelli et al. showed in a retro-
spective survey a decline in adverse
events in 43 JA patients under MTX
treatment when folinate was added
(Hey was not measured) (16). But the
necessty of folate supplementation in
children is ill under discussion (25
27).

The aim of this study was to compare
baseline plasmatHcy concentrationsin
children with severe JA requiring
MTX treatment to those measured in
healthy children. The impact of MTX
combined with placebo or folate on
tHcy concentrations was investigated.

Materials and methods

The study protocol was approved by
the local ethics committees of all par-
ticipating institutions.

Subjects

Seventeen Caucasian patients seen in
pediatric centers comprising three
regions of Austria (10 from Vienna, 4
from Salzburg and 3 from Tyrol) partic-
ipated in the study. All patients (2
males, 15 females, median age 10.7
years, range 4 to 16 years) fulfilled the
revised classification criteria for juve-
nile idiopathic arthritis (28). Twelve
patients had rheumatoid factor negative
polyarthritis, one patient had extended
oligoarthritis, 4 patients presented with
persistent oligoarthritis. All patients
were treated with nonsteroida anti-
rheumatic drugs (NSARDSs) such as
naproxen, piroxicam or indomethacin.
Due to inadequate clinical response to

NSARDs, all patients required second-
line treatment and were eligible for
MTX treatment. No other second-line
drugs, systemic or intraarticular corti-
costeroids or any other drugs known to
interfere with Hcy concentrations were
used two months before and during the
course of the study. Patients with other
chronic diseases known to be associat-
ed with hyperhomocysteinaemia were
not allowed to participate in the study.
Two patients smoked between 3 and 7
cigarettes per day. Nine patients and
their parents (6 from Vienna, 1 from
Salzburg, 3 from Tyrol) gave their writ-
ten informed consent for the analysis of
polymorphisms in the Hey pathway.
As controls, 17 age- and sex-matched
children (2 males, 15 females, median
age 10.4 years, range 4 to 16 years)
without chronic disease or significant
acute infection were recruited in one of
the cooperating centers (Vienna). Addi-
tionally, tHcy concentrationsin the JA
patients were compared to measure-
ments from a sample of 3321 teenagers
aged 13-14 published by Osganian et
al. The 99th percentile Hcy concentra-
tion for 2498 Caucasian children is
given with 10.5 mmol/l (mean 5.2
mmol/l + 1.72) (5).

Sudy design

Baseline tHcy plasma levels were
assessed in JIA patientsand in age- and
sex-matched controls (5). After base-
line JIA patients were enrolled in a 20-
week double blind-placebo controlled-
crossover trial to evaluate the effect of
folic acid supplementation (1 mg/d/
p.0.) versus placebo (1 capsule/d/p.o.)
during low dose MTX treatment.
Patients were clinically examined
monthly starting at the initiation of
MTX (baseline). During the first 4
weeks of the trial, the weekly dose of
MTX was increased from an average
dose of 5 mg/m?/week to the therapeu-
tic dose of between 10 and 15 mg/m?
week. At week 4 the patients were ran-
domly assigned to the two arms of the
study. They started either with 8 weeks
daily ingestion of 1 mg of folic acid
(week 4 to 12) followed by 8 weeks
daily ingestion of placebo (week 12 to
20) or 8 weeks daily ingestion of place-
bo (week 4 to 12) followed by 8 weeks

251

PEDIATRIC RHEUMATOLOGY

daily ingestion of 1 mg of folic acid
(week 12 to 20). Blood samples were
taken after 4 weeks of MTX dosage
adjustment and subsequently every 8
weeks. The MTX dosage remained
unchanged during the 16 weeks of the
crossover trial and wastaken asasingle
dose once a week.

Clinical parameters

At each visit the patients were clinical-
ly examined by one pediatric rheuma-
tologist. The number of actively
inflamed joints was assessed at each
vist by summing all the joints with
pain (tenderness, pain while moving),
swelling or limited range of movement.

Laboratory parameters

Plasma and serum samples were taken
after an overnight fast. Controls were
tested once, JIA patients were tested at
baseline, after 4 weeks and subsequent-
ly every 8 weeks until 20 weeks was
reached, between 3 and 7 days after
MTX ingestion. Blood samples for
plasma Hcy assessment were separated
immediately after collection and stored
a -60°C until analysis. In cases where
samples had to be transported, dry ice
was used. Plasma tHcy was determined
using a modified version of the gas
chromatography-mass spectrometry
(GS-MS) method described by Stabler
et al. (29). In brief, 500 M of Hcy stan-
dard was mixed with internal standard
(3-phenylbutyrate) and reduced with
12.5% dithiothreitol. The solution was
incubated for 30 min at 40°C and
deproteinized by adding 100 i of 72%
trichloroacetic followed by centrifuga-
tion at 5,000 g for 10 min. Five hun-
dred m of the clear supernatant were
mixed with 500 m of n-propanolol-
pyridin (4:1), 50 m propylchlorofor-
mate and 1 ml of chloroform-propy-
Ichloroformate (100:1). The solution
was centrifuged at 3,000 g for 10 min.
The chloroform layer was evaporated
to dryness and dissolved in 100 m of
chloroform-propylformate. One m of
the sample was subjected to GC-MS
analysis.

Vitamin B, (pyridoxal-5 -phosphate)
was measured using high performance
liquid chromatography (HPLC) as
described by Kimura et al. (30). Vita-
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min B,, and folate were measured with
Microparticle Enzyme |mmunoassay
(Abbott Imx® Analyzer, Abbott Labo-
ratories, Abbott Park, Illinois, USA).
The complete blood cell count, ASAT,
ALAT, ganmaGT and creatinin were
determined with an automated analyz-
er. The erythrocyte sedimentation rate
(ESR) was measured according to star+
dard laboratory procedures.

Restriction fragment length polymor-
phism analyses

Genomic DNA was isolated from cit-
rated blood samples according to stan-
dard procedures. ldentification of
MTHFR 677C® T (31), MTHFR
1298A® C (32), and MTR 2756A® G
(2) was performed as described. The
presence of MTRR 997C® G (mutation
at nucleotide position 628 according to
GenBank accesson AF 121207) and
MTRR 66A® G (mutation at nucleotide
position 4216 according to GenBank
accession AF 121202) was irvestigated
in a multiplex polymerase chain reac-
tion (PCR) followed by restriction
enzyme cleavage of PCR amplification
products and electrophoresis through
6% polyacrylamide gels (Novex, San
Diego, CA) followed by SYBR Green |
Nucleid Acid gel Stain, Molecular
Probes, Eugene, Oregon.

Satistical analysis

Variables are reported as means + stan-
dard deviation (SD) for each measure-
ment. Two-sided t-tests were used to
test the mean of the baseline-values of
tHey in JA patients, healthy controls
and collectives reported in the literature
(5). To evaluate the effect of folic acid
supplementation on tHcy, ANOVA
models were fitted taking into account
the crossover design. PlasmatHcy con-
centrations at the end of each 8-week
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treatment period were analyzed using
vitamin By, vitamin B,, and folate as
covariates. The influence of folic acid
supplementation and tHcy on ASAT
and ALAT was investigated separ ately
by ANOVA. Associations between the
measured variables (tHcy, folate, vita
min By, vitamin B ,) were assessed by
correlation analyses using Spearman’s
correlation coefficient. To investigate
the time trend over the study period for
the number of affected joints,leukocyte
counts and ESR, linear regression anal-
yses were conducted for each patient
with the number of weeks since study
entry as the independent variable. The
SAS®-system (Release 8.01) was used
for the statistical analyses (33).

Under the assumption of a mean stan-
dard deviation of differences of 5 with
n = 17, the statistical power to prove a
difference of 3 nmol/l of Hcy between
measurements was 76%. A p-value <
0.05 was considered to indicate statisti-
cal significance.

Results

Baseline tHcy

The mean basdline plasmatHcy leve of
9.99+ 5.17 nmol/l inthe 17 JIA patients
was significantly different from the
mean in 17 healthy controls (6.3 + 1.68
mmol/l; p < 0.04, two-sided t-test) and
significantly higher than the mean plas-
ma tHcy measured in healthy white
teenagers (5.2 + 1.72 mmol/l; p < 0.001,
one-sample t-test) but below the 99th
percentile for this group (< 10.5 nmol/l)
(5). Two out of 17 healthy controls
(11.7%) and 5/17 (29.4%) JIA patients
(mean age 12 years, mean joint count
15) had baseline tHcy concentrations
exceeding the 99th percentile (> 10.5
nmol/l) for Caucasian teenagers (5).
Three female patients (mean age 11.3
years) with polyarthritis (mean joint

count 17.7) had tHcy values> 15 mmol/I
(mean: 18.53 + 5.04 mmol/l) at baseline.
Exduding these patients, in the remain-
ing 14 children (2 males, 12 females,
mean age 10.3 years, mean joint count
17.2) the mean baseline tHey (8.16 +
2.92 mmol/l) was still significantly high-
er compared to the mean for white
teenagersin the population described by
Osganian et al. (5.2 + 1.72 nmal/l; p <
0.002, one-samplet-test) (5).

Influence of MTX, folic acid, vitamin
B, and B,, on tHcy

During MTX treatment, for the whole
group of 17 patients the mean plasma
tHcy levels did not increase signifi-
cantly. Mean plasma tHcy concentra-
tions were not influenced significantly
by folic acid supplementation nor by
vitamin B, or B,, levels. Vitamin B,
B,, and folate values as measured dur-
ing the study period were al within
normal ranges (Table). Inthe correla-
tion analysis no significant association
was detected considering tHcy, folate,
vitamin B and B,,. In the performed
crossover analyses of variance, neither
a significant sequence effect nor asig-
nificant period effect was found.
Outcome and safety of MTX treatment
Analyzing the time trend for the num-
ber of affected joints, leukocyte count
and ESR over the study period, signifi-
cant negative linear trendsin 6, 3 and 4
patients respectively were found, indi-
cating that the number of affected
joints or the leukocyte count or ESR
values decreased during the course of
the study. For the whole group a
decline in the number of affected joints
and ESR was found, while the leuko-
cyte count remained stable. In 3
patients, single elevated ASAT and
ALAT values were measured on sepa-
rate occasions. No correlation was

Table|. Means + standard deviation of tHcy, folate, vitamin B6, and B12 concentrations.

Baseline Baseline After 4 weeks After 8 weeks After 8 weeks Normal
controls JIA patients of dosage of placebo of folate ranges
(n=17) (n=17) adjustment
tHey mml/I 6.3 + 1.68 999+ 517 11.03+ 5.68 10.08 + 5091 964+ 59%4 £10.5
Folate ng/ml - 6.13+ 137 624+ 187 9.7 + 342 149 = 6.74 31-124
Vit Bg nmol/| 4956 + 13.25 51.38 + 12.46 4244 + 11.24 470 * 1048 >30.5
Vit B, pg/ml 581 + 177 637 + 222 770 + 306 727 = 301 223-1132
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Tablell. Genetic polymorphisms in the Hcy metabolic pathway and baseline tHcy concentrations in 8 patients with seronegative poly-
arthritis and one patient with extended oligoarthritis (n = 9).

PEDIATRIC RHEUMATOLOGY

Petient Sex Age Jintcount MTHFR677C® T MTHFR129BA® C MTRRE6A® G MTR2756A® G MTRR997C® G tHcy mmol/l
1* f 13 18 Het Het Het WT WT 24.3
2* f 12 7 Het Het WT WT WT 16.3
3 m 14 34 Het Het Het WT WT 7.2
4 f 5 5 WT Hom Hom WT WT 10.0
5 f 11 20 Het WT Het WT WT 9.6
6 f 7 24 Het WT Het WT WT 8.9
™ f 9 11 WT Het Het Het WT 15.0
8 f 14 - WT Het Het WT WT 10.0
9 f 16 8# WT Hom Het Het WT 8.8

Het: heterozygous, Hom: homozygous, WT: wild type.
*Baseline tHcy concentrations above the 99th centile for 13- to 14-year-old teenagers.

# Patient with extended oligoarthritis.

(Combinations of) Polymorphisms associated with significantly elevated tHcy and cardiovascular disease risk.
Polymorphisms associated with slightly elevated tHcy and cardiovascular disease risk.

found between tHcy and liver enzymes
(data not shown).

Genetic polymor phisms

Genetic polymorphisms were analyzed
in 9 patients, including 3/5 patients
with tHcy concentrations at baseline
exceeding the 99th percentile. Five of
the 9 patients (55.6%) were heterozy-
gous for the MTHFR 677C® T muta-
tion, a genotype associated with a mod-
erate tHcy increase, and 3 patients were
compound heterozygous for the
MTHFR 677C® T and MTHFR
1298A® C polymorphisms, a genotype
associated with significant elevation of
tHcy levels. The MTHFR 1298A® C
alele was identified in 7 of 9 patients
(77.8%) MTRR 66A® G was found in
8 of 9 patients (88.9%); one patient had
the homozygous genotype. Additional-
ly, both the MTHFR 677C® T and
MTRR 66A® G mutations were identi-
fied in 2 patients. MTR 2756A® G test-
ed positive in 2 of 9 patients (22.2%),
while no patient tested positive for
MTRR 997C® G (Table 1).

Discussion

In the present pilot study, plasmatHcy
concentrations in patients with severe
JA requiring MTX treatment were sig-
nificantly higher than in age- and sex-
matched healthy controls. Additionally,
tHcy concentrations were significantly
higher in JIA patients compared to a
sample of 2,498 Caucasian teenagers
reported by Osganian et al. (5). The

children included by Osganian et al.
come from a different population than
the patients in the present study, but the
mean tHcy concentrations in the white
subpopulation do not differ significant-
ly from previously published smaller
cohorts in European populations (34,
35). In 5/17 patients, plasmatHcy con-
centrations before MTX exceeded the
99th percentile as defined by Osganian
et al. (5). There was no significant dif-
ference concerning age and joint count
between these 5 patients and the 12
patients with tHcy below the 99th per-
centile. Three of these 5 patients gave
their consent for polymorphism analy-
sis. Two patients had the compound
heterozygous genotype for MTHFR
677 C®T and MTHFR 1298 A® C,
known to be associated with reduced
enzyme activities and increased tHcy
plasma concentrations (1). One patient
presented with a genotype with a still
unknown impact on tHcy concentra-
tions (heterozygous for MTHFR
1298A® C, MTRR 66A® G and MTR
2756A® G respectively). On the other
hand, 2 patients with normal tHcy con-
centrations too had genotypes known to
be associated with moderately
increased tHcy (heterozygosity for
MTHFR 677 C® T and homozygosity
for the MTRR 66A® G polymorphism
respectively) (1, 36, 37). Thereforewe
conclude that genotype is only one
component amongst others potentialy
elevating tHcy concentrations in this
sample.
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The impact of exogenous factors such
as immobility, chronic inflammation,
lifestyle and diet on tHcy have to be
considered (15). There were no differ-
ences concerning ESR and the number
of affected joints — both parameters
reflecting inflammatory activity and
degree of immobilization — between
patients with elevated and low tHcy
concentrations. Only two girlswith low
tHcy concentrations reported to be
smokers,and & cohol intake was denied
for the whole study population. Dietary
factors were not assessed, but folate,
vitamin B, and B,, concentrations were
within normal ranges throughout the
study period, thus indicating a suffi-
cient nutritional vitamin supply.

THcy in plasma was measured before
and during MTX treatment combined
with placebo or folic acid supplementa-
tion. In adults, plasma tHcy levels
above 10 nmol/l are associated with
cardiovascular disease, venous throm-
bosis and premature stroke (7, 11, 19).
In children associations between
stroke, thrombosis and a history of pre-
meature cardiovascular disease and ele-
vated tHcy concentrations have been
shown (5, 38). In adults with RA,
increased plasma tHcy levels before
MTX treatment have been observed
(39) and it is known that the incidence
of cardiovascular disease in RA pa
tientsis higher than in healthy controls
(15). Therefore the clinical relevance of
monitoring tHcy concentrations seems
evident.
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In our study, tHcy concentrations in the
JA patients —which were significantly
elevated at baseline — did not show an
additional increase during MTX treat-
ment. Folic acid supplementation did
not influence tHcy concentrations. In
the present study, the JIA patients were
exposed to the targeted therapeutic
MTX dosage without folic acid supple-
mentation only for 8 weeks because of
ethical considerations (in Austria folic
acid supplementation in JIA patientson
MTX treatment is recommended). In
adults with RA and psoriatic arthritis
under treatment with MTX without
folate supplementation for only 4
weeks, an increase of tHcy and
decrease of folate was observed (39).
Van Ede et al. reported a significant
increase of tHcy in adult RA patients
after 48 weeks of MTX treatment with-
out folate supplementation (40). In a
12-month trial in adults with RA, Mor-
gan et al. showed that the folate stores
declined during MTX treatment with-
out folic acid supplementation after
months (19). Therefore it seems to be
unclear how long folate stores last and
how long tHcy can be kept within nor-
mal ranges under MTX treatment with-
out folate supplementation in different
patient populations. Future studies
should address the question of the time
course of depletion of folate stores.
During the trial the number of affected
jointsaswell asthe ESR declined, indi-
cating the efficacy of MTX on the
inflammatory process. We hypothesize
that the physical activity of the patients
might have increased by the positive
effect of MTX treatment — a factor
potentially compensating for an MTX-
induced increase in tHcy concentra-
tions.

In the present study, the widely recom-
mended supplementation dosage of 1
mg/d of folic acid has been applied (25-
27). However, the adequacy of this dos-
age, considering tHcy concentrations,
islessthan clear and it seems necessary
to establish dosage-finding trials in the
future.

In summary, we conclude that JIA
patients requiring MTX treatment have
elevated tHcy concentrations. Based on
present knowledge of theimpact of ele-
vated tHcy concentrations, these
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patients possibly face a higher risk for
the development of premature cardio-
vascular disease even before treatment
with antifolates such as MTX. Hyper-
homocysteinemia is probably induced
via an interaction of exogenous factors
such as immobility and the ongoing
process of chronic inflammation with
genetic factors (e.g. polymorphisms).
Further studies are warranted to focus
on the impact of MTX and folate sup-
plementation on tHcy in JA patients.
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