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production and tryptophan degradation.

Background: Increased synthesis of neopterin and degradation of tryptophan to kynurenine, measured as
kynurenine/tryptophan ratio (kyn/trp ratio), are considered in vitro markers of interferon beta-1a (IFNB-1a) activity.
The aim of the study was to investigate the dynamic profile of neopterin and kyn/trp ratio in patients with
relapsing remitting multiple sclerosis (RRMS) treated with two different doses of IFNB-1a over a period of

Methods: RRMS patients (n = 101) received open-label IFNB-1a 22 mcg (low dose, LD) or 44 mcg (high dose, HD)
subcutaneously (sc), three times weekly for 24 months. Serum measurements of neopterin, kyn/trp ratio and
neutralizing antibodies (NAbs) were obtained before treatment (i.e, at baseline) and 48 hours post-injection every
3 months thereafter. Clinical assessments were performed at baseline and every 6 months. Changes in biomarkers
over time were compared between LD- and HD-group as well as between patients with/without relapses and
with/without NAbs using Analysis of Variance and Mann-Whitney tests.

Results: Neopterin (p < 0.001) and kyn/trp ratio (p = 0.0013) values increased over time vs baseline in both
treatment groups. Neopterin values were higher (p = 0.046) in the HD-compared to the LD-group at every time
point with the exclusion of months 21 and 24 of therapy. Conversely, there were no differences between the two
doses groups in the kyn/trp ratio with the exclusion of month 6 of therapy (p < 0.05). Neopterin levels were
significantly reduced in NAb-positive patients starting from month 9 of therapy (p < 0.05); the same result was
observed for kyn/trp ratio but only at month 9 (p = 0.02). Clinical status did not significantly affect neopterin

Conclusions: Although differences in serum markers concentration were found following IFNB administration the
clinical relevance of these findings needs to be confirmed with more detailed studies.

Background

In multiple sclerosis (MS) patients, IFNB-1a reduces

clinical and imaging signs of disease activity, ultimately

delaying the progression of physical disability [1,2].
However, a relatively long-term follow-up is necessary

for changes in physical disability scores to become evi-

dent. Although magnetic resonance imaging (MRI)
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represents a gold standard for MS diagnosis and can
provide fast information regarding the stage of the dis-
ease and its changes over time, is still an expensive and
time consuming test. Inarguably, a biological marker of
drug response would provide a low-cost and easy
method of assessing treatment efficacy. To date, no bio-
markers that parallel clinical and MRI measurements of
response to treatment have been identified. Several lines
of evidence suggest that neopterin and tryptophan (trp)
degradation catabolites (such as kynurenine [kyn]) could
be considered indirect indicators of IFNB’s action [3-5].
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Binding of IFNP to its cell-surface receptor stimulates
several immunological processes, including neopterin
[D-erythro-6-(1’,2°,3’-trihydroxypropyl)-pterin] produc-
tion [6] and trp degradation [7,8]. In vitro evidence
demonstrated that both IFNP and IFNy induce neop-
terin production [9] and activate the enzyme indolea-
mine (2,3)-dioxygenase (IDO). Such enzyme catalyzes
trp degradation to kyn (among other downstream cata-
bolites) in several cell types [10,11]. The kyn/trp ratio
provides an estimate of IDO activity and correlates with
markers of IFNy immune activation, like neopterin
[8,12].

While neopterin has numerous biochemical and phy-
siological functions in host defense, trp degradation
induced by IDO limits trp supply for proliferating cells,
thus determining their growth arrest [8,13,14]. Hence,
neopterin production and trp degradation could be con-
sidered as indicators of the antiviral and immunomodu-
latory activities of type-1 IFNG.

In vivo studies in MS patients have confirmed that
IFNB-1a induces neopterin production [15-17] and IDO
activation [18]. However, it remains unknown if any of
those markers correlates with IFNB-1a dose and/or clin-
ical outcome.

In this prospective study 101 patients with relapsing
remitting MS (RRMS) were treated with one of two
doses of IFNB-1a for 24 months. Repeated evaluations
of neopterin and kyn/trp ratio, as well as of physical dis-
ability, were performed in order to assess the correlation
between biological and clinical effects of IFNB-1a in
these patients. The correlation between the markers of
IFNB biological activity and the presence of neutralizing
antibodies (Nabs) [19,20] was also evaluated.

Methods

Study design

This open-label randomized study was conducted in
seven Italian academic MS clinical centers (University
Hospitals of Chieti, Firenze, Isernia, L’Aquila, Messina,
Roma, and Trieste), in collaboration with the University
of Innsbruck in Austria and the National Institute of
Biological Standards and Control in London, UK.

The study consisted of a 12-months screening/enroll-
ment phase, followed by a 24-months follow-up treat-
ment phase (TP), during which IFN-naive RRMS
patients received IFNB-1a, either 22 mcg (low-dose, LD)
or 44 mcg (high-dose, HD) subcutaneously (sc) three
times weekly. Given the spontaneous, non-interventional
design of the study, in order not to modify common
clinical practice, but to warrant at the same time an
evenly distributed study population, the dose of IFNB-1a
considered optimal by the treating physician was first
started. Patients were then randomized, through a cen-
tralized procedure, to be included or not included in the
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study, maintaining the dosage selected by the treating
physician, i.e. a patient was excluded from the study if
the selected dosage did not agree with randomization.
Care was taken as to reach a balanced sample of LD-
and HD-patients (i.e., ~40 to 60% in each group) at
each site.

All patients underwent a full clinical examination rat-
ing their physical disability, by the Expanded Disability
Status Scale, or EDSS score [21], before treatment
(referred as baseline thereafter). After the baseline visit,
clinical assessments were repeated every 6 months. An
additional clinical examination was performed when a
clinical relapse occurred, defined as the occurrence of a
new symptom or worsening of a pre-existing symptom,
lasting at least 48 hours in the absence of fever [22].
Relapses were treated with intravenous methylpredniso-
lone (MP), 1 g/d for 5 days.

At baseline and every 3 months thereafter, blood sam-
ples were collected between 8:00am and 1:00 pm, in
fasting conditions. The post-dose time was 60-65 hours
after the last IFNB-1a injection. Such interval was cho-
sen based on previous observations that neopterin
values remained significantly elevated 48-72 hours after
administration of IFNB-1a both in healthy subjects [23]
and in patients with MS [16]. The chosen time interval
aimed at both maximizing the timing of sample collec-
tion consistency and, at the same time, accommodating
patients’ availability. As cytokine levels may vary
throughout the day, all samples were collected at the
same time of the day for each patient.

Blood samples were not collected if clinically evident
inflammation/infection was present. In those cases sam-
ples were collected 2 weeks after symptom resolution.

Inclusion and exclusion criteria

Patients with RRMS, according to the Poser’s criteria
[24], were recruited. Other inclusion criteria were age
18-50 years, body weight within 15% of normal (mini-
mum weight: 50 kg), disease duration < 10 years, at
least two relapses in the preceding 2 years, EDSS score
of 1.0-5.5. Exclusion criteria were clinical relapse at the
time of enrollment; corticosteroid treatment within 1
month, immunomodulatory or immunosuppressive ther-
apy within 6 months prior to study entry, pregnancy,
major psychiatric disturbances, and other neurological,
neoplastic, autoimmune or major infectious conditions.

Treatment regimens

Patients received IFNB-1a at a dose of 44 or 22 mcg, sc
three times weekly for 2 years. To minimize adverse
effects, IFNPB-1a was titrated as follows: 8.8 mcg at
weeks 1 and 2 of therapy, 22 mcg at weeks 3 and 4,
and, for patients treated with the higher dose of IFNB-
la, 44 mcg from week 5.
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Blood sample collection and storage until assay

Blood samples were collected into sterile tubes and
allowed to clot spontaneously for 20 minutes at room
temperature (i.e., 20-25°C) followed by centrifugation at
3,000 rpm for 10 minutes at 4°C. Sera were immediately
aspirated into dry, sterile tubes and stored at -20°C for
no longer than 6 months prior to assay. Sera collected
for the measurement of neopterin were processed and
stored in the dark; sample tubes were covered with alu-
minum foil throughout the procedure.

Measurement of neopterin, kyn and trp serum levels

All biological parameters were analyzed by an indepen-
dent laboratory whose personnel was blinded to
patients’ clinical and treatment information.

» neopterin

Neopterin concentration was measured using a com-
mercially available immunoassay (ELItest, BRAHMS,
Berlin, Germany), with a limit of detection of 2 nmol/L.
Serum neopterin concentrations in healthy controls
were defined as 5.3 + 2.7 nmol/L, with the upper limit
of normal (95th percentile) being 8.7 nmol/L. The assay
is a commercial immunoassay which has been reported
to be highly reproducible. Coefficients of variation of
the assay in our lab are similar to that reported by the
manufacturer [i.e. < 5.5% (intra-assay), a < 10.3% (inter-
assay)]. The recovery for the neopterin immunoassay
was in the range of 91-108%.

« kyn and trp

Serum kyn and trp concentrations were measured by
high-performance liquid chromatography. Kyn concen-
trations were monitored by ultraviolet absorption at 350
nm, while trp was measured by detection of natural
fluorescence (excitation wavelength: 285 nm, emission
wavelength: 350 nm) [25,26] with 3-nitro-L-tyrosine as
an internal standard. The coefficient of variation of
intra- and interassay determinations for trp and kyn was
below 5%. Recovery of trp and kyn was determined by
measuring trp and kyn in 20 pl of a pool of 10 sera
before and after adding 10 pl of mixture standard solu-
tions of high and low concentration. The recovery for
trp and kyn was in the range of 95-105%. Parallel dose-
response curves were obtained by serial diluitions of trp
and kyn standard solutions and two serially diluted
serum samples.

IDO activity was calculated as the ratio of the concen-
trations of the enzyme product, kyn, divided by its sub-
strate, trp (kyn/trp ratio).

As IDO is not the only enzyme known to trigger the
degradation of trp and subsequent kyn production, it
was necessary to demonstrate an association between
kyn/trp and immune activation using the specific
marker, neopterin, in order to confirm IDO
involvement.
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Measurement of serum Nabs against IFNf

Measurement of serum NAbs was carried out by an
independent laboratory whose personnel was blinded to
patients’ clinical and treatment information.

A specific training on blood sampling and serum
separation was conducted by the Coordinating Center at
their lab facilities. A double blood sampling for each
measurement was obtained to ensure a full quality con-
trol of the analytical procedures.

To detect the presence of NAbs against IFNfB-1a,
serum samples were tested by an antiviral IFNJ neutra-
lization assay that assessed the antiviral activity and its
neutralization on the basis of the virus-induced cyto-
pathic effect (CPE). Briefly, monolayers of the human
glioblastoma cell line 2D9 were pretreated in 96-well
microtiter plates with diluted IFNB-1a (Rebif®) prepara-
tions (3-10 laboratory units, LU, per ml) that had been
pre-incubated for 2 hrs with serial dilutions of the test
sera. The cells were then challenged with encephalo-
myocarditis virus for 24 hrs, stained with 0.05% amido
blue black, fixed with 4% formaldehyde in acetic acid
buffer and stain was eluted with 0.15 ml of 0.05M
NaOH solution before absorbance was read at 620 nm.
The NAbs titer was the dilution of serum that reduces
10 LU/ml of IFN to 1 LU/ml (the normal endpoint of
antiviral assays). The cut-off for positivity was a titer of
40. Titers were subsequently calculated with the Gross-
berg-Kawade formula and expressed as ten-fold redu-
cing units (TRU)/ml; cut-off for positivity was 40 TRU/
ml [27,28].

NAb-positive patients were defined as those present-
ing positive titers in at least two consecutive valid
measurements.

The NAD assay coefficients of variation (intra-assay
and inter-assay) never exceed 0.3 Log.

Recovery of NAb assay was determined by measuring
NAD titer in 20 pl of a pool of 20 sera before and after
adding anti human IFN-beta antibody reference (G038-
501-572, National Institute of Health, Bethesda, USA) at
high and low concentrations. The recovery for NAb was
in the range of 0.3 Log. Parallel line analysis of bioassay
showed no significant difference in slopes of dose
response curves prepared by serial diluition of human
IFNB antibody reference (G038-501-572) and three seri-
ally diluted NAb positive serum samples.

Study approvals

The study was carried out according to the Declaration
of Helsinki and its updates, ICH-GCP Guidelines for
Clinical Trials and EU Directives. All aspects of the
study were discussed with the patients, and each patient
gave his/her written informed consent prior to enroll-
ment. The local Ethics Committees approved the study
protocol.
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Statistical analysis

Data were expressed as means, except for gender that
was expressed as percentage (%) and EDSS for which
median and standard error (SE) were used.

An Analysis of Variance (ANOVA) for repeated mea-
sures was performed to evaluate the effect of time and
dose on each of the biological markers. Such an analysis
was performed in the entire patient’s cohort as well as
in sub-groups of patients with or without relapse and
patients with or without NAbs.

At each time point, a Mann-Whitney test was per-
formed to identify differences in biological markers and
clinical measure between HD and LD groups, between
patients with and without clinical relapse and between
NAb-positive and NAb-negative patients. Pearson Chi
square coefficient was used for comparisons between
proportions. Spearman’s correlation coefficient was used
to evaluate the correlation between laboratory and clini-
cal data.

Results

Patient demographics and clinical characteristics

During the 12-months enrollment phase, 101 consecu-
tive IFNB-1a naive RRMS patients were enrolled. Patient
demographics and clinical characteristics at enrollment
are shown in Table 1. There were no differences in
baseline demographic and clinical variables between the
two doses groups.

Of the 101 patients enrolled, 78 (77.2%) completed the
study. No differences in demographic and clinical vari-
ables between patients who did and did not complete
the study were observed (data not shown). Of the 78
patients who completed the study, 37 (47.4%) experi-
enced at least one relapse. There were no differences in
the proportion of relapse-free patients between the two
doses groups.

Influence of dose and duration of therapy on biological
markers

Neopterin and kyn/trp ratio profiles of each treatment
group are shown in figure 1(A, B). In each treatment
group, both neopterin concentration (p < 0.001) and

Page 4 of 9

kyn/trp ratio (p = 0.0013) increased over time com-
pared to baseline. Mann-Whitney analyses showed that
neopterin values were always higher in the HD-group
vs the LD-one at each time point (p = 0.046) apart
from months 21 and 24 of treatment period (TP).
Conversely, while trends towards higher values of kyn/
trp ratio in the HD-group were observed at numerous
time points, group differences were not statistically sig-
nificant at any time point with the exception of
month-6 of TP (p < 0.05).

Correlation between NAb status and neopterin serum
level or kyn/trp ratio

At the end of the study, evaluable data on NAbs were
available for 71 patients (LD/HD = 35/36). NAbs were
present in 15 (21%) patients, 9 of which (26%) in LD-
group and 6 (17%) in the HD-group (p = 0.350).

In figure 2(A, B) neopterin and kyn/trp ratio profiles
of NAb-positive and NAb-negative patients are
described. In each treatment group, both neopterin
levels (p = 0.0003), and kyn/trp ratio (p = 0.006)
increased over time compared to baseline. Although
serum levels of neopterin and kyn/trp ratio showed no
statistically significant difference between NAb-positive
and NAb-negative patients at baseline, neopterin levels
decreased significantly in NAb-positive patients from
month 9 of TP (p < 0.05); the same trend was observed
for kyn/trp ratio but the difference was significant only
at month 9 of TP (p = 0.02).

Correlation between biological markers and clinical
measures

No significant correlation emerged between laboratory
data and disease progression EDSS changes at any of
the examined time points; Disease progression was
defined as an increase of more than 1 point on the
EDSS (for EDSS between 0 and 3.5) and more than 0.5
point (for EDSS >3.5) during the TP. No significant cor-
relation was found between clinical relapses and labora-
tory data at any of the examined time points. The
presence of clinical relapses consisted of the onset of at
least one relapse during the TP.

Table 1 Patient demographics and clinical characteristics at baseline

IFNB-1a 44 mcg three times weekly (n = 48)

IFNB-1a 22 mcg three times weekly (n = 53)

Age (years) 342 + 84

Sex (fem/male) 30 (62.5%)/18 (37.5%)
Age at disease onset 292 £83

Duration of MS (years) 52+43

EDSS score 17+£10

Annual relapse rate prior to therapy 08 + 09

353 £82

41 (77.4%)/12 (22.6%)
304 + 8.1

49 + 42

16+10

10£12

Data are expressed as means, except for sex (expressed in number and percentage); EDSS: Expanded Disability Status Scale; IFNB-1a: interferon beta 1a; MS:
multiple sclerosis. All p values for comparisons of the characteristics listed above, between the two treatment groups, were not significant.
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Figure 1 A: neopterin serum levels as function of time and drug dose; B: kyn/trp ratio as function of time and drug dose. Neopterin
production (A) and tryptophan degradation (as measured by kynurenine/tryptophan ratio) (B) in patients treated with 22 or 44 mcg of
interferon beta-1a (IFNB-1a), administered three times weekly via subcutaneous injection.

There were no differences in any clinical measures
between NAb-positive and NAb-negative patients with
the exception of the baseline EDSS which was higher (p
= 0.04) in the NAb-positive vs the NAb-negative group
(data not shown).

Discussion

MS is a chronic demyelinating autoimmune disease of
the central nervous system (CNS). It is characterized by
infiltrates of, mostly, macrophages, T and B lympho-
cytes, and plasma cells. A variable degree (usually more
pronounced in the advanced stages of the disease) of
axonal loss and gliotic scars can also be observed.
Monocyte-derived macrophages play an important role
in these processes and act both as phagocytes and

antigen presenting cells (APCs), releasing myelinotoxic
factors and proinflammatory cytokines. They are also
strongly stimulated by IFNy secreted by T lymphocytes
of the Thl subset (principal effectors of MS
physiopathology).

IENB-1a is one of the approved treatments for RRMS
patients. The mechanism of actions of IFNP is still not
fully clarified; however, it seems to influence the
immune system through an immunomodulatory action
and it also enhances the production of several cytokines
and proteins [17].

Validated biological markers of the responsiveness to
IFNB-1a treatment would enable a reliable assessment
of the efficacy of MS therapy, both in clinical trials and
clinical practice, reducing the need for expensive and
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Figure 2 A: correlation between NAb-status and neopterin serum levels; B: corelation between NAb-status and kyn/trp ratio. Both,
neopterin levels (A) (p = 0.0003) and kyn/trp ratio (B) (p = 0.006) increased over time compared to baseline in each group. Although serum
levels of neopterin and kyn/trp ratio showed no statistical difference at baseline between NAb-positive and NAb-negative patients, neopterin
levels were significantly reduced in NAb-positive patients starting from month 9 onwards (p < 0.05); the same result was observed for kyn/trp
ratio but only relatively to month 9 (p = 0.02).

time-consuming procedures such as MRI. Such markers,
though, have not yet been identified [29].

Of the several putative candidates, two appeared to us
to be particularly promising: neopterin and kyn/trp
ratio. The value of both parameters is significantly raised
by the action of Thl-secreted-IFNy on macrophages
similarly to reactive oxygen species (ROS), which can be
considered as an index of oxidative stress [30].

Neopterin is a by-product in the synthetic pathway of
tetrahydro-biopterin. Upon IFNy macrophage stimula-
tion, biopterin synthesis is blocked at the step of neop-
terin whose levels are markedly increased in biological
fluids [3,31,32]. Elevated neopterin concentration in
body fluids has been observed in a series of conditions
characterized by increased Th1l reactivity: infections
(particularly HIV), malignancies, autoimmune diseases
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(particularly RA) and transplants [33,34]. Indeed, it can
be considered as an indirect indicator of IFNy levels
(difficult to measure in vivo) and of macrophage stimu-
lation intensity. Neopterin has gained high relevance as
a marker of immune activation (Th1 cells) to the point
that it is used to monitor patients who received allo-
grafts for early detection of possible immunological
complications.

In addition, another possible biochemical marker has
gained wide acceptance: the enhanced tryptophan degra-
dation induced by IFNy-stimulated macrophages.
Namely, the increased cellular expression and activity of
IDO and the ensuing raised N-formyl-kynurenine (a by-
product in the biochemical pathway to niacin) levels
that are measured in the serum. Tryptophan degrada-
tion by IDO (measured as kyn/trp ratio) decreases T
lymphocytes proliferation and consequently reduces
inflammation and allograft rejection. Hence, a new con-
cept is emerging in immunology: cells expressing IDO
can inhibit T cells responses and consequently induce
tolerance and reduce inflammation. Therefore, kyn/trp
ratio could be regarded as a potential index directly
related to treatment efficacy.

This study focused on the evaluation of neopterin
levels and kyn/trp ratio as markers of IFNf biological
activity. Out of the 101 INF-naive RRMS patients
enrolled in this study, 78 were fully evaluable after 24
months of IFNB-1a treatment both for the monitored
biomarkers and the clinical variables. In this study, we
investigated the dynamic profile of neopterin and kyn/
trp ratio and its correlation with the clinical features in
patients with RRMS treated with two different doses of
IFNB-1a.

Treatment with IFNB-1a (both LD and HD) increased
serum neopterin levels significantly as compared with
pre-treatment levels and a dose-response was evident at
each time point (p < 0.046). At month 21 of TP and at
the end of the study (month 24) a dose-effect was no
longer present since neopterin levels were similar in
both treatment groups. This might indicate a similar
efficacy, although delayed for the LD group, thus expos-
ing patients treated with the LD to the risk of early
relapses in the first months of treatment.

The observed patterns of neopterin production over
the 2 years of IFNB-1a treatment probably reflect a
biphasic (short- vs long-term effects) aspect of IFNB-1a
biological activity. Initially, IFNB-1a administration may
result in a sharp increase in the neopterin levels owing
to the acute, proinflammatory actions of IFNB-1a
[35,36]. However, in the long term its repeated adminis-
tration may lead to a down-regulation of IFNy expres-
sion and a subsequent decrease in macrophage
activation and biomarker expression [9,16]. At each time
point, the observed effects of [FNB-1a on neopterin may
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reflect the relative predominance of short- over long-
term effects or vice versa. The increase in biomarker
levels in patients receiving the higher dose of IFNB-1a
became less marked with prolonged treatment, possibly
due to tachyphylaxis [19].

A trend showing higher value of kyn/trp ratios in the
HD-group was also seen at numerous time points, how-
ever, group-differences were not statistically significant
at any time point except for month-6 of the TP (p <
0.05). At the end of the study (month 24) a dose-effect
was no longer present since kyn/trp ratios were similar
in both treatment groups. This finding might indicate
that, for tryptophan degradation/IDO activity a ceiling
effect might be present at therapeutic dosages.

As previously reported, the increase of kyn/trp ratio in
RRMS patients receiving IFNB-1a indicates the induc-
tion of IDO by IFN but such increase does not appear
to be dose-dependent [8]. At present, the impact of
IFNB-1a on tryptophan catabolism in patients with
RRMS remains unclear.

As with other proteic drugs, some MS patients
develop NAbs against IFNP, which interfere with the
receptor-mediated functions of IFNPB; the clinical rele-
vance of NAbs has been the subject of debate because
they appear to decrease treatment efficacy of IFNB in
those patients developing persistent, high titer NAbs
[37]. It has been reported that myxovirus-resistance pro-
tein A (MxA), an antiviral protein exclusively induced
by type 1 IFNs, is a sensitive measure of the in vivo
response to IFNP and of its reduced activity due to the
development of NAbs [38]. Thus, in the present study,
data were also analyzed to determine whether the pre-
sence of NAbs affected neopterin serum levels or kyn/
trp ratio.

Both, neopterin levels (p = 0.0003) and kyn/trp ratio
(p = 0.006) increased over time compared to baseline in
each group. Although serum levels of neopterin and
kyn/trp ratio at baseline showed no statistical difference
between NAb-positive and NAb-negative patients, neop-
terin levels were significantly reduced in NAb-positive
patients starting from month 9 onwards (p < 0.05); the
same result was observed for kyn/trp ratio but only at
month 9 (p = 0.02). This is a logical consequence of the
timing of NAb formation, usually appearing between 3
and 12 months of treatment.

Other studies reported a fall in serum neopterin levels
or in the levels of other IFN biologic response markers,
including matrix metalloproteinases (MMPs), beta2
microglobulin, MxA, viperin, TNF-related apoptosis-
inducing ligand (TRAIL) and X-linked inhibitor apopto-
sis factor-1 (XAF-1), when NAbD titers were elevated in
patients with MS [6,20,38-41]. Data clearly support the
hypothesis that neopterin is a sensitive measure of bio-
logical response to IFNB and is reduced by the presence
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of NAbs. Nevertheless, since no relations have been
found between neopterin and clinical progression, there
are issues regarding the use of neopterin as a measure
of the clinical efficacy of IFNB. It is important to under-
line that, given the nature of MS, a long-term observa-
tion would be needed to clearly demonstrate the effects
on disease progression, like for MRI. In the present
study, the patients analyzed showed a non-NAb-related
abrogation of kyn/trp ratio suggesting that the use of
the latter as a biological marker of IFNP treatment may
not be predictive of the biological responsiveness to
IFNB.

To gain further insight into the correlation between
biomarkers and clinical efficacy, we also investigated
whether disease progression and the occurrence of clini-
cal relapses influenced neopterin production and trypto-
phan degradation.

We found that the presence of disease progression
and clinical relapses did not significantly affect biomar-
ker levels. Furthermore, no differences in dose effect
were observed between patients who had a clinical
worsening during the study period and those who did
not, as previously reported [3,17]. These findings sug-
gest that, although both biomarkers capture the phar-
macodynamic effects of IFNP-la, they do not
necessarily parallel clinical efficacy. A possible explana-
tion is that the immunoinflammatory process in MS
takes place in the CNS and disease activity is only par-
tially reflected in the systemic immune compartment;
furthermore, many markers are unstable in the periph-
ery and are rapidly eliminated by the kidneys; there-
fore, the plasma concentration of many putative
markers fluctuate significantly and a single measure-
ment could be a mere snapshot. These observations
suggest that probably serum is not the ideal body fluid
for measuring this marker concentration in order to
monitor disease activity in MS. A further possible
explanation is that patients with clinical relapses
received high dose intravenous corticosteroids and it
appears that this form of treatment can suppress the
production of neopterin or tryptophan degradation for
a period of time. Regarding disease progression, a later
explication of the lack of any correlation between dis-
ease progression and biomarker levels variation could
be that this is a two years study and does not show
the entire clinical course of patients.

Conclusions

Although differences in serum neopterin levels and kyn/
trp ratio, following IFNB administration were found in
our study, and a correlation between the presence of
NAbs and lower serum levels of neopterin was observed,
the clinical relevance of these findings needs to be
established with further studies.
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This can be ascribed, at least in part to the snapshot
effect related to the low-frequency of the sampling inter-
val (3-monthly) of the studied biological markers. Espe-
cially in MS, these markers are subject to marked
fluctuations, often on a daily basis. In particular for
neopterin, a deeper insight of IFNB treatment influence
on its production and its value as a surrogate marker of
inflammation in MS, can only be gained/evaluated with
a more frequent (at least weekly) sampling. This would
only be feasible using urine as a biological specimen,
instead of serum. Further studies are warranted to
monitor these putative surrogate markers of disease
activity in MS more stringently.
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