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ABSTRACT

Distinguishing patients with active systemic lupus erythematosus (SLE) from those
with inactive disease has always been considered a great challenge. Identifying new
sensitive markers of activity will be of great value in the clinical management of the
disease. Thus the aim of the current study was to investigate the relationship between
serum neopterin levels and various parameters of disease activity currently used, in
addition, to investigate serum neopterin levels in different patterns of organ disease
involvement and during the administration of different therapy regimens used in the
management of SLE. The study was conducted on 75 female subjects; 26 patients with
active SLE, 24 SLE patients in remission and 25 healthy controls. Patients with SLE
were fulfilled four or more of the American Rheumatism Association (ARA) criteria,
and disease activity was scored using the British Isles Lupus Assessment Group
(BILAG) index. Erythrocyte sedimentation rate (ESR), serum urea, serum creatinine,
liver function tests, plasma complements C3 and C4, C3 degradation products
(C3dg), anti-double stranded DNA antibodies (anti-dsDNA) and serum neopterin
were measured in all groups. Serum neopterin was significantly elevated in the active
group as compared to the remission group. Both groups of SLE showed higher levels
of neopterin when compared to the control group. Serum neopterin level showed
higher sensitivity than other SLE markers (80%) and second highest specificity after
anti-dsDNA antibodies (73%). Also, a highly significant positive correlation was
found between serum neopterin levels and each of plasma C3dg, anti-dsDNA
antibodies, and ESR. Meanwhile, a highly significant negative correlation was
detected between serum neopterin levels and both plasma C3 and C4 levels. As
regarding various treatment regimens used in the management of active SLE, the
current study demonstrated decrease in serum neopterin levels in patients receiving
combined treatment of both prednisolone and cytotoxic drugs than those receiving
either treatment alone. A significant difference in serum neopterin levels was
observed in patients with multiple organ affection in comparison to those with single
organ affection regardless the type of organ affected. The present results suggest that
the estimation of serum neopterin levels seems beneficial in the assessment of disease
activity and progress in SLE patients as well as the assessment of the efficacy of
various treatment regimens being used.

Key words: Systemic lupus erythematosus, neopterin, complements, anti-ds DNA
antibodies.
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INTRODUCTION

Systemic lupus erythematosus
(SLE) is a chronic, multisystem,
usually life-long, potentially fatal
autoimmune disease characterized by
unpredictable  exacerbations  and
remissions despite therapy”. SLE has
always been associated with numerous
abnormalities in the immune system
including activation of both the
humoral as well as the -cellular
immunity®.

One of the greatest challenges of
SLE is distinguishing patients with
active disease from those with
inactive  disease  (patients  in
remission)®. Serologic markers play
an important role in the assessment of
disease activity in SLE. These
markers are critical for understanding
the pathogenesis of the disease,
monitoring the disease progression,
following up the efficacy of the
treatment and identifying potential
clinical benefits from new therapies™.

Humoral immune system
activation in SLE can be reflected on
ESR, serum or plasma complement
concentrations, and formation of anti-
dsDNA antibodies. These parameters
are currently used as indicators for
disease activity. However, some
patients may have abnormalities in the
results of these tests for considerable
period yet show few clinical
symptoms or functional deterioration
of a major organ, whereas others are
markedly symptomatic with minor
aberrations in these tests results ©.

Meanwhile, other parameters can
be used to indicate primary cellular
immune system activation reflecting T
lymphocyte upregulation. Particular

attention had been focused on
neopterin, which had been shown to
be an early, specific, and sensitive
marker of cellular immune system
activation in several clinical settings
including autoimmune and
inflammatory diseases'®.

Neopterin is an aromatic pteridine
derived from intracellular guanosine
triphosphate produced by human
monocyte-derived macrophages upon
stimulation ~ with the  cytokine
interferon gamma (INF- y) released
from activated T- lymphcytes”.
Neopterin production may, also, be
triggered by other immune activators
including other interferons,
interleukin-1a (IL-1a), tumor necrosis
factor- a (TNF- o) and
lipopolysaccharides. Endothelial cells
may, also, produce neopterin in vitro
and that production is augmented in
the presence of INF-y in combination
with TNF-0®. Increased amounts of
neopterin in human body fluids are
found in many disorders, including
viral infections, autoimmune diseases,
neuro-degenerative diseases, allograft
rejection, as well as, certain malignant
diseases?.

The aim of the current study was
to investigate the possible relationship
between serum neopterin levels and
various parameters of disease activity
currently used. In addition, to
investigate serum neopterin levels in
different patterns of organ disease
involvement and  during  the
administration of different therapy
regimens used in the management of
SLE.

SUBJECTS & METHODS

234



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

El Ghandour et al.

The current study was conducted
on 50 SLE female patients who
fulfilled four or more of the 1982
revised ~ American  Rheumatism
Association (ARA) criteria for the
classification of SLEY?, and 25
healthy female as controls. They were
classified into three main groups:

Group I [control group]: included
25 healthy normal females with mean
age (mean + SD) of 27.6 + 8.3 years.

Group II [remission group]:
included 24 female patients with SLE
with mean age (mean + SD) of 29.4 +
6.6 years.

Group III [active group]: included
26 female patients with active SLE
disease according to British Isles
Lupus Assessment Group (BILAG)
index ™. Their mean age + SD was
30.5 + 7.3 years.

SLE activity was scored by using
the BILAG index™, which consists
of 86 questions covering eight organ
based systems, namely; general,

mucocutaneous, nervous,
musculoskeletal, cardiovascular,
vasculitis, renal, and hematological
systems.

Patients were selected from the
Outpatient Clinics and Inpatient
Wards of Rheumatology and General
Medicine Departments in Kasr El-
Aini Hospital, Cairo University. All
participants gave their informed
consent before participation in the
study. All subjects were evaluated by
complete history taking including
history of organ affection and all the
medications used, as well as, thorough
clinical examination with special
stress on various organs affection.

According to BILAG index,
proper history taking and physical
examination, 9 patients with active

SLE had multi-organ affection while
17 patients had single organ affection.
Drug history revealed that 10 active
SLE patients were treated by
prednisolone only, 7 were treated by
cytotoxic drugs only, and 9 were
treated by combined treatment of both
prednisolone and cytotoxic drugs.

For all subjects the following
laboratory investigations were done:
Blood picture: including red blood
cell, white blood cell, and platelet
counts.

Erythrocyte sedimentation rate (ESR):
using Westegern method.

Renal function tests: serum urea
and creatinine ™.

Liver  function  tests:  aspartate
transaminase  (AST) ¥, alanine
transaminase (ALT) ¥ and serum
bilirubin"®.

Plasma C3, C4, and C3dg: were
detected by a double decker immuno-
diffusion method "®,

Antinuclear antibody (ANA) and anti-
double stranded deoxyribonucleic acid
antibody (anti-dsDNA): were assayed
by indirect ~ immunofluorescent
assay"”.

Serum neopterin: was measured using
a solid phase enzyme-linked
immunosorbent assay (ELISA) kit
supplied by Cellular Comminication
Investigations Immunotech, France™®.
Statistical Analysis:

The results were analyzed using
SPSS computer software package,
version 10.0 (Chicago-IL, USA)".
Data were presented as mean + S.D.
Unpaired student t- test was used for
analysis of two quantitative data.
Differences among the three groups
were compared by one-way ANOVA
followed by post-hoc test. To study
the relationship between the measured

12)
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parameters, Pearson’s correlation was
calculated. =~ The  results  were
considered statistically significant at
p<0.05. Re-diagnostic value of
variables was assessed using Receiver
Operating  Characteristic ~ (ROC)
curves, the specificity and sensitivity
for a given cut-off were calculated
(cut-off values = mean + 2 S.D.).

RESULTS

There was a non significant
difference in age between active,
remission and  control  groups
(p>0.05). There was, also, a non
significant difference in duration of
the disease between active and
remission groups (p>0.05) (Table 1).

Table 1: Demographic data of SLE and control groups

Group | Group Il Group I
(control) (remission)  (active) p-value
n=25 n =24 n=26
Age (years) 27.6+£83 294+6.6 305+7.3 >0.05
Disease Duration (years) | 8.4+5.8 11.2 +7.68 >0.05

Values are expressed as means + S.D

Hematological and biochemical
data were shown in table 2. There
was no significant difference between
all studied groups as regard serum
levels of total bilirubin, AST and ALT
(p>0.05). Serum levels of urea and
creatinine were significantly higher in
active group compared to remission
group (p<0.05 for both levels) and
control group (p<0.01 for both levels),
while no significant difference in their
levels between remission and control
groups (p>0.05 for both levels).

As regard blood count; white
blood cell, red blood cell, and platelet
counts, all were significantly lower in
active group compared to remission

P-value is significant if < 0.05*

group, as well as, to control group
(p<0.05 for WBC and RBC and
p<0.01 for platelets) and control group
(p<0.01 for each), while comparing
remission group to control group, as
regarding the above counts, no
significant differences were found.

As regard ESR levels, they were
significantly higher in active SLE
patients in comparison to patients in
remission and, also, to controls
(p<0.01 and p<0.001 respectively).
Also, ESR levels were significantly
higher in patients in remission in
comparison to controls (p<0.001)
(table 2).
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Table 2: Hematological and biochemical data of SLE patients and control group

Group | Group Il Group 11

(control) (remission) (active) p-value

n=25 n =24 n=26
Total Bilirubin (mg/dl) | 0.88 0.2 091 +0.23 0.92 +0.36 >0.05
AST (U/L) 32.1+7.8 332493 33.6+11.1 >0.05
ALT (U/L) 30.1+£7.6  29.8+82 304+ 6.8 >0.05
Urea (mg/dl) 288+63  31.1+97 489+20.1%%  <0.01*
Creatinine (mg/dl) 0.80+0.32  0.88+0.28 1.89+£0.84%*  <0.01*
WBCs (x 10*/mm®) 4.0+0.68 3.8+0.7 28+0.691* <0.05*
Platelets (x 10*/mm®) | 2602+90.1 248.8+106.3 184.5+95.0%* <0.05%
RBCs (x 10%mm?*) 45+1.0 42+13 3412 <0.05*
ESR (mm/hr ) 11.1+4.9 452+115% 782+21.8"* <0.01*

Values are expressed as means + S.D

+: significant p as compared to group |

Plasma levels of C3 and C4 were
significantly lower in active group
compared to remission and control
groups (p<0.01 and p<0.001 for both
levels respectively), while patients in
remission had significant lower
plasma C3 and C4 levels compared to
controls (p<0.001 for both levels)
(table 3).

As regarding C3dg levels, they
were significantly higher comparing
active SLE patients to patients in
remission and to controls (p<0.01 and
p<0.001 respectively), also, they were
significantly =~ higher =~ comparing

p-value is significant if < 0.05*
AST: aspartate transaminase, ALT: alanine transaminase, WBCs: white blood cells,
RBCs: red blood cells, ESR: Erythrocyte sedimentation rate.

#: significant p as compared to group Il

patients in remission to controls
(p<0.001) (table 3).

Anti-dsDNA levels were

significantly higher comparing active
SLE patients to patients in remission
(p<0.001), but they were not detected
in controls (table 3).
Serum neopterin levels showed a
highly significant increase in active
group compared to  remission
(p<0.001) and control  groups
(p<0.001), and a highly significant
increase comparing remission group
to control group (p<0.001) (table3)
(figure 1).
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Table 3: Plasma mean levels of C3, C4, C3dg, anti-ds DNA, and neopterin in
SLE patients and control group

Group | Group Il Group Il
(control) (remission) (active) p-value
n=25 n =24 n=26
C3 (mg/dl) 107.4+£359 78.7+20.6" 622+219% <0.01*
#
C4 (mg/dl) 29.3+£11.8 179+£597 10.7+4.7%  <0.01%
C3dg (U/ml) 8.1+1.6 129+257 146+£2.7"%  <0.01%
Anti-dsDNA (IU/ml) | ---------- 21.2+4.6 395+7.7 % <0.001*
Neopterin (nmol/L) 6.9+ 1.8 11.6+297 145+33%%  <0.001*

Values are expressed as means + S.D

p-value is significant if < 0.05*

C3: complement 3, C4: complement 4, C3dg: complement 3 degradation products,
Anti-dsDNA: anti-double stranded DNA antibodies.

+: significant p as compared to group |

Active SLE patients receiving
combined treatment of cytotoxic drugs
and prednisolone showed significantly
lower values of serum neopterin
compared to those receiving cytotoxic
drugs only (p<0.05) and to those
receiving prednisolone only (p<0.05),

#: significant p as compared to group Il

while comparing those receiving
cytotoxic drugs only to those
receiving prednisolone only the
neopterin  serum  levels  were
statistically not significant (table 4)
(figure 2).

Table 4: Mean values of serum neopterin levels in the active SLE patients

receiving various treatment regimens

Prednisolone Cytotoxic Combined p-value
Only Drugs only Treatment
n=10 n=7 n=9
Neopterin (nmol/L) 159+3.9 152+£3.6 124+247F <0.05%*

Values are expressed as means + S.D

p-value is significant if < 0.05*

+: significant p as compared to patients receiving prednisolone only
#: significant p as compared to patients receiving cytotoxic drugs only

Serum neopterin levels for
patients with SLE activity and
multiple organ system affection (n=9)
were found to be significantly higher

compared to those with single organ
system affection (n=17) (p<0.01)
regardless the specific organ system
affected (table 5) (figure 3).
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Table 5: Mean values of serum neopterin levels in the active SLE patients in
relation to organ affection

Multiple Organ Single Organ P value
Affection Affection
(n=9) (n=17)
Neopterin (nmol/L) 16.5+3.8 13.4+3.0 <0.01*

Values are expressed as means + S.D

p-value is significant if < 0.05*

Table 6: Sensitivity and Specificity of ESR, C3, C4, C3dg, anti-dsDNA, and

neopterin
Sensitivity (%) Specificity (%)
ESR 51 47
C3 62 50
C4 70 55
C3dg 65 57
Anti-dsDNA 70 80
Neopterin 80 73
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Figure 1: Serum neopterin mean values in SLE patients and control group
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Figure 2: Serum neopterin mean values in the active SLE patients receiving
various treatment regimens
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Figure 3: Serum neopterin mean values in the active SLE patients in relation to
organ affection

Correlations among the various p<0.001) (figure 4), and ESR
parameters measured in the current (r=0.699, p<0.001). A significant
study showed a highly significant negative  correlation was, also,
positive correlation between serum detected between serum neopterin
neopterin level and the following level and both C3 (r = - 0.472,
parameters; C3dg ( = 0.716, p<0.01) and C4 (r = - 0.680, p<0.001)
p<0.001), anti-dsDNA (r = 0.71, (figure 5).
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Figure 4: Correlation between serum neopterin and anti-dsDNA (r=0.71, p<0.001)
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Figure 5: Correlation between serum neopterin and C4 (r=-0.68, p<0.001)

DISCUSSION

Although the many years of study
disease, the pathology or

disease process in systemic lupus
erythematosus remains
unclear® Various laboratory tests
were used for detection of the activity

of the disease as ESR, plasma
complements  concentrations, and
formation  of  autoantibodies®".

Particular attention has recently been

focused on neopterin as an important

indicator  for  assessing SLE
activity®?.
The present study showed

significant decrease in RBC, WBC
and platelet counts in patients with
active SLE compared to patients in
remission, as well as, to the healthy
controls. Decreased RBC count could
be explained by impaired renal
function with decreased erythropoietin
formation, also due to poor general
condition, cachexia and anorexia, in
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addition to bone marrow suppression
by aggressive cytotoxic therapy @¥.
Leucopenia in SLE patients occurs as
part of drug toxicity-induced medullar
hypoplasia. Also, it may be due to
disease activity, bone marrow failure,
peripheral destruction and sepsis®®.
The most common mechanism of
thrombocytopenia in SLE patients is
believed to be increased platelet
clearance mediated by anti-platelet
auto-antibodies®®.

ESR was significantly higher
comparing active SLE patients to
patients in remission and healthy
controls, and was significantly higher
comparing patients in remission to
controls.

Plasma levels of C3 and C4 were
significantly decreased comparing
SLE patients to healthy normal
subjects, also, significant decrease in
their levels were found comparing
active SLE patients with patients in
remission. This could be attributed to
reduction of their synthesis and, also,
their consumption in immune complex
formation. These results indicated that
complement dysfunction may be an
important factor in the
pathophysiology of SLE ®”?®_ These
results are concomitant with the
previous results of Wais et al.*® who
found that people with SLE often have
increased ESR  and  decreased
complement levels, especially during
the flares of the disease. Arason et
al.®®  reported that a functional
deficiency of complement had been
implicated but not conclusively
demonstrated in the pathogenesis of
SLE. Nived et al.®” also, concluded
that low levels of components within
the classical pathway of complement

(especially C3 and C4) have a high
specificity for SLE diagnosis.

As regarding C3dg level, the
present study showed a significant
increase with the same pattern of
ESR. This was agreed with Kristina et
al., ®» who reported a significant
increase in C3dg level in patients with
active and inactive SLE compared to
normal subjects.

Autoantibodies, particularly
antibodies directed against double
stranded (ds) DNA are thought to play
a role in disease development and
progression®™. The current work
demonstrated a significant increase in
anti-dsDNA antibodies levels in active
SLE patients in comparison to patients
in remission. Riemekasten and Hahn
®9  reported  that high-affinity
antibodies to dsDNA are characteristic
hallmarks of human systemic lupus
erythematosus, and  anti-dsDNA
antibodies are detected in 30—60% of
the SLE sera. Anti-dsDNA and anti-
Sm antibodies are highly specific for
idiopathic SLE. Gupta and Lim, ©¥
stated that a combination of anti-
dsDNA, serum complement C3 and
C4, ESR and CRP, supported by
relevant tissue histology, probably
provides the most useful information
on disease activity, particularly in
patients  with  lupus  nephritis.
However, results of any laboratory
test should always be interpreted with
reference to the clinical presentation.

Deocharan et al.®® reported that
anti-dsDNA antibodies are the most
frequently detected antibodies in
systemic lupus erythematosus. Rising
and high titers of dsDNA antibodies
suggested an increased risk of
progressive  disease.  Anti-dsDNA
antibodies are considered responsible
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for much of the kidney disease and
renal manifestations that can occur in
SLE. However, Isenberg et al.®¥
reported that doubts have been raised
about their significance and the extent
to which they are genuinely part of the
pathogenesis of the disease rather than
being mere bystanders. Problems with
assays used to detect these antibodies
are still evident but they remain
widely utilized both to help
establishing the diagnosis of SLE and
to monitor the progress of the disease.

One of the main findings of the
current study was increased levels of
serum neopterin in SLE patients
(active and inactive) compared to
normal subjects, and in patients with
active disease compared to inactive
ones. Serum neopterin level showed
higher sensitivity than other SLE
markers (80%) and second highest
specificity after anti-dsDNA
antibodies (73%). These findings
confirmed that there is a continuous
low grade activation of the cellular
immune system in patients with SLE
even if the disease is inactive and
without being associated with clinical
symptoms. These findings were
demonstrated by a study conducted by
Leohiron et al.®*” who concluded that
the correlation between neopterin
concentration and evidence of disease
activity was significant. They, also,
reported that all patients with
clinically active SLE had increased
neopterin levels, and only 37.5%
exceeded the upper normal limit of
serum neopterin  during clinical
remission. Other studies reported that
serum or urinary neopterin could
discriminate active from inactive SLE
patients® 2%,

A recent study done by Mahmoud
et al.®® found that serum levels of
neopterin, TNF-alpha and soluble
tumor necrosis factor receptor II
(sTNFRII) were significantly
increased in patients with SLE, and
they were the only parameters that
showed significant higher levels in
SLE patients with mild activity
compared to normal subjects. They,
also, reported that serum neopterin
and sTNFRII could be used to identify
SLE patients from normal subjects
with a sensitivity and specificity of
100%, which suggested that serum
levels of both parameters are more
sensitive markers of disease activity
than TNF-alpha, C3 or C4.

Jin et al® suggested that
increased lymphocyte apoptosis and
defects in removal of apoptotic cells
by macrophage contribute to the
development of SLE. Serum levels of
neopterin in active SLE patients were
significantly higher than controls and
correlated with the overall lupus
disease activity. The increased levels
of serum neopterin may be an attempt
of the patients' macrophage system to
remove the apoptotic cell excess.
They concluded that serum neopterin
may be regarded as an index of SLE
disease activity.

In the present study, serum
neopterin level showed a highly
significant positive correlation with
each of ESR, C3dg, and anti-dsDNA,
and a significant negative correlation
with both levels of C3 and C4.This
agreed with the results of Lim et al.?)
who stated that ESR, serum
complement level and neopterin are
accepted as measures of disease
activity in SLE and their changes are
significantly different between
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patients with active SLE and those
with inactive disease. Nagy et al.¥
reported that neopterin level and anti-
dsDNA provide together a very highly
significant laboratory analysis model
for SLE.

The present study demonstrated
that serum neopterin level was
significantly lower in active SLE
patients receiving combined therapy
of prednisolone and cytotoxic drugs
compared to those receiving either
prednisolone alone or cytotoxic drugs
alone. Comparison of active SLE
patients receiving prednisolone alone
to those receiving cytotoxic drugs
alone did not show any statistical
significance. Thus, serum neopterin
level can therefore be considered as a
reflection of the treatment efficacy in
suppressing disease activity.

Drugs, like steroids, affect the
proportion of lymphocyte
subpopulations and the expression of
cell surface molecules and thus could
potentially influence neopterin
production®”. This was agreed by
Niederwieser et al.“’ and Prior et
al.*?  who emphasized the same
finding in their studied groups on
other autoimmune diseases.

The current study demonstrated a
significant increase in the serum
neopterin levels in active SLE patients
with  multiple organ  affection
compared to those with single organ
affection regardless the type of organ
affected. This indicated that patients
with multiple organ affection have
generally a more active disease.

Mahmoud et al®®  found
significantly higher neopterin levels in
SLE patients with membranous
nephritis and with neuropsychiatric
lupus erythematosus (NPLE)

compared to patients without nephritis
and NPLE. Also, patients with
vasculitis had significant elevation of
serum neopterin levels compared to
patients without vasculitis.

In conclusion, the present results
suggest that the estimation of serum
neopterin levels seems beneficial in
the assessment of disease activity and
progress in SLE patients as well as the
assessment of the efficacy of various
treatment regimens used. However,
further research is required with a
larger sample group to establish the
exact role of that marker in the
pathogenesis of SLE.

REFERENCES

1- Chia H, Kuan C, Pu Y, Yeong
H, Hou C. (2005): Outcome and
prognostic factors in clinically ill
patients with SLE: A
retrospective study. Critical Care
9: 177-183.

2- Somasundaram K, Sudhakar
M, Damodharan J, Kallarakkal
J, Sahib K, Mahajan A. (2004):
An unusual presentation of
systemic lupus erythematosus. J.
Ind. Med. Assoc., 102: 97-99.

3- Lim K, Leohirun L,
Boonpucknavig V. (1994):
Neopterin  in  patients  with
systemic lupus erythematosus.
Clin. Chem., 37: 47-50.

4- Nagy G, Brozik M, Tornoci L,
Gergel P. (2000): Diagnostic
value of neopterin and anti-DNA
antibody levels for assessment of
disease activity in systemic lupus
erythematosus.  Clin.  Exper.
Rheumatol., 18: 699-705.

5- Esdale JM, Abrahamowicz M,
Joseph L, Mac Kenzie T, Li Y,

244



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

El Ghandour et al.

8-

10-

11-

Danoff D. (1996): Laboratory
tests as predictors of discase
exacerbations in SLE. Arthritis
Rheum., 39: 370-378.

Razumovitch JA, Fuchs D,
Semenkova GN, Cherenkevich
SN. (2004): Influence of
neopterin on  generation of

reactive species by
myeloperoxidase  in  human
neutrophils. Biochim. Biophys.

Acta 1672: 46-50.

Wirleitner B, Neurauter G,
Schrocksnadel K. (2003):
Interferon-gamma-induced
conversion of  tryptophan:
immunologic and
neuropsychiatric aspects. Curr.
Med. Chem., 10: 1581-1591.
Lisa G, Rider L, Heyes B.
(2002): Neopterin and quinolinic
acid are surrogate measures of
disease activity in the juvenile
idiopathic inflammatory
myopathies. Clinical Chemistry
48: 1681-1688.

Barbara W, Gerlinde O,
Giinther B, Gabriele N, Harald
S, Norbert S, Dietmar F.
(2003): Induction of apoptosis in
human blood T cells by 7,8-
dihydroneopterin: the difference
between healthy controls and
patients with systemic lupus
erythematosus. Clinical
Immunology 107: 152-159.

Tan EM, Cohen S, Fries F.
(1982): The 1982 revised criteria
for the classification of SLE.
Arthritis Rheum., 42: 178.

Stoll T, Stucki G, Malik J, Pyke
S, Isenberg DA. (1996): Further
validation of the BILAG disease
activity index in patients with

12-

13-

14-

16-

17-

18-

19-

20-

systemic lupus erythematosus.
Ann. Rheum. Dis., 55:756-60.
Bretaudiere JP, Thieu-Phung
H, Baily H. (1976): Direct
enzymatic determination of urea
in plasma and urine with a
centrifugal  analayzer.  Clin.
Chem., 1614.

Heinegard D, Tiderstorm K.
(1980): Determination of serum
creatinine by direct colorimetric
method. Clin. Chem. Acta
43:305-310.

Reitman S and Frankel S.
(1957): A colorimetric method
for the determination of serum
glutamic oxalacetic and glutamic
pyruvic transaminases. Am. J.
Clin. Pathol., 28: 56-63.

Dumas BT and Biggs HG.
(1972): In standard methods of
clinical chemistry. Academic
Press., 7: 175.

Okumura N, Nomura M, Tada
T. (1990): Effect of sample
storage on serum C3 assay by
immunonephelometry. Clin. Lab.
Sci., 3: 54-57.

McCarty G, Valencia D,
Fritzkr M. (1984): Antinuclear

antibodies. Oxford University
Pess., 14:149.
Warner ER, Bichler A,

Daxenbichler G, Fuchs D, Fuith
LC, Hausen A, Hetzel H,
Reibnegger G, Wachter H.
(1987): Determination of
neopterin in serum and urine.
Clin. Chem., 33: 62-66.

Norusis MJ. (1997): SPSS 7.5
guide to data analysis, Simon and
Schuster Company, Upper Saddle
River. New Jersey.

Panopalis P, Petri M, Manzi S,
Isenberg DA, Gordon C,

245



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

El Ghandour et al.

21-

22-

23-

24-

25-

26-

27-

Senecal JL. (2005): The systemic
lupus erythematosus tri-nation
study: longitudinal changes in
physical and mental well-being.
Rheumatology 44: 751-755.

Senaldi G, Makinde VA,
Vergani D, Isenberg DA.
(1988): Correlation of the

activation  of  the fourth
component of complement (C4)
with disease activity in SLE. Ann.
Rheum. Dis., 47: 913-7.

Murr C, Widner B, Fuchs D.
(2002): Neopterin as a marker for
immune system activation. Curr.
Drug Metab., 3: 175-87.
Wachter H, Fuchs D, Hausen
A, Reibnegger G, Werner E.
(1989): Neopterin as marker for
activation of cellular immunity:
immunologic basis and clinical
application. Adv. Clin. Chem.,
27: 81-141.

Steinberg AD. (1992): Systemic
lupus erythematosus. In: Bennett
JC, et al. (eds): Cecil textbook of
medicine, 19th ad., Saunders,
Philadelphia, p 1522.
Martinez-Baiios D, Crispin JC,
Lazo-Langner A, Sanchez-
Guerrero J. (2006): Moderate
and severe neutropenia in patients

with systemic lupus
erythematosus. Rheumatology
45: 994-998.

Kuwana M, Kaburaki J,

Okazaki Y, Miyazaki H, Ikeda
Y. (2006): Two types of
autoantibody-mediated
thrombocytopenia in patients with
systemic lupus erythematosus.
Rheumatology 45: 851-854.
Ramos CM, Campoamor MT,
Chamorro A, Salvador G.
(2004): Hypocomplementemia in

28-

30-

31-

32-

33-

systemic lupus erythematosus and
primary anti phospholipid
syndrome: prevalence and clinical
significance in 667 patients.
Lupus, 13: 777-783.

Sturfelt G, Bengtsson A, Klint
C, Truesson L. (2000): Novel
roles of complement in SLE-
hypothesis for a pathogenetic
viscous circle. J. Rheumatol., 27:
661.

Wais T, Fierz W, Stoll T,
Villiger P. (2003): Systemic
lupus erythematosus:

immunoinflammatory markers do
not normalize in  clinical
remission. J. Rheumatol., 30:
2133-2139.

Arason G, Steinsson K, Kolka
R, Vikingsdéttir T, D' Ambrogio
M, Valdimarsson H. (2004):
Patients with systemic lupus
erythematosus are deficient in
complement-dependent
prevention of immune
precipitation. Rheumatology 43:
783-789.

Nived O and Sturfelt G. (2004):
ACR classification criteria for
systemic lupus erythematosus:
complement components. Lupus
13: 877-879.

Kristina N, Dan N, Anders A,
Gunnar S, Ulf R, Bo N. (2007):
Use of serum or buffer-changed
EDTA-plasma in a rapid,
inexpensive, and easy-to-perform
hemolytic complement assay for
differential diagnosis of systemic
lupus erythematosus and
monitoring of patients with the
disease. Clinical and Vaccine
Immunology 14(5): 549-555.
Isenberg DA, Manson JJ,
Ehrenstein MR, Rahman A.

246



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

El Ghandour et al.

(2007): Fifty years of anti-
dsDNA antibodies: are we
approaching  journey's  end?
Rheumatology 46(7):1052-1056.

34- Riemekasten G and Hahn B.
(2005): Key autoantigens in SLE.
Rheumatology 44: 975-982.

35- Gupta R and Lim K. (2001):
The diagnosis of systemic lupus
erythematosus: How the
laboratory can help you. CPD
Rheumatology 2: 47-52.

36- Deocharan B, Qing X, Beger E,
Putterman C. (2002): Antigenic
triggers and molecular targets for
anti-double-stranded DNA
antibodies. Lupus 11: 865-71.

37- Leohiron J, Thuvasethakul P,
Sumethkul V, Pholcharoen T,
Boonpucknavig V. (1991):
Neopterin in  patients  with
systemic lupus erythematosus.
Clin. Chem., 37: 47-50.

38- Mahmoud R, El-Gendl H,
Ahmed H. (2005): Serum
neopterin, tumor necrosis factor-
alpha and tumor necrosis factor
receptor II (p75) levels and

41-

42-

disease activity in Egyptian
female patients with SLE. Clin.
Biochem., 38: 134-141.

Jin O, Sun L, Zhou K, Zhang
XS, Xue-bing Feng X, Mok M,
Lau C. (2005): Lymphocyte
apoptosis and  macrophage
function: correlation with disease
activity in  systemic  lupus
erythematosus. Clinical
Rheumatology 24:107-110.
Raziuddin S, Nur M, Al-Waber
A. (1990): Increased circulating
HLA-DR+CD4+T cells in SLE:
alternations  associated  with
prednisolone therapy. Scand. J.
Immunol., 31: 139-45.
Niederwieser D, Fuchs D,
Hausen A. (1985): Neopterin as
a new biochemical marker in the
clinical assessment of ulcerative
colitis. Immunobiology 170: 320-
6.

Prior C, Bollbach R, Fuchs D.
(1986):  Urinary neopterin, a
marker of clinical activity in
patients with Chron’s disease.
Clin. Chim. Acta 155:11-21.

tplaal) 48N pdaje Juan (B Cpsbisail) (g giua
Aalsal) zolal) Aakiify ¢ lacY) Alaly G yal) blid, adide

"aenSgase = T isise e = ginl v lin =il Gsi
sl Aaals —cdall A0S ¢ hlal) 4yl o Ll *Ailall) (alpel]  and

O LS a5l e axs Jalally Ll (apall (gysh (b e peadl L83 mpe A8y ()
Lol 138 20le 55 dpeal Led (585 s (impall Lalii) dslusn g Baaa VY e Capel)

Ll e dpaelly adl) Jaas 3 G gl lgiase G AR slag) ) Al o3 Caags Gl

Jame & Cpinsil) Cilysinse 203 ) Lia Caags LeS ¢ impall Tl agans 8 Ladls deatiusall 558y

247



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007 El Ghandour et al.

glsil alad o L 45l sie ayaas GlIAS (Aaliad) auall ¢ Linel Aylial o 55 saag o han) A5 iy
ok e Adiia

Llae Y g cdadall johall 8 o )peal) A3 (mpar dliae¥ 1l Vo o dufall o3 el
e o Jlae¥) 834 a8 adalin e sanaS Al 5T YO 5 Jalall oysha 8 o hpenll 283 (ape
Labaiay Aaalal) pulead) (po ST S gl i o oy Canll 138 aglad (G316l paall A5 iaye
£13 argiil Lllagal) Ao samally Loalad) JVa ladinly (mpall Jalis apaat o5 385 (A S3aY1 aiilas )l
ce)yanl) 453

Gladiall (28l il pall Joan (8 GalyySs Ldsall Glyginse il deju 105e IS (a8
=Sl sall adlal saliaall L liall aluatls AAIEN Lo liall dadia S il caghylly 200G doe Lial)
el deae (& Gaisaill (s5ies S ooy,

ehan) A5 e Jaan (B sl s5ise B Alian) AV <3 Baly) dgay bl o yekal
Liliaa) AV @3 saly) sy LS Jalall jslall b (mpally Lliadd) de sl 4jlie Tadill sl b
st O i By L Adagliall A ganall A dic sl sheal) 233 e Jhan b piasall (gsia
el S as (@AY Gasal VY Al AT ) dast slia e iy w2l Joma B cpiasail
L) ADle ciang Gl Lol grigny ol gl (adlad saliaall G lial) sluaY) axy (YY) dparass
A fe i) dadie 5 ilsi 1 e S5 ol Jime 8 Cpfiasnil) (ssiase (o Aflas) AN il Ak
Bl cany @Al Len ey -l Aeguny iSpign) Sl gall Gaslal Baliad) e lia) sl
Ll Al 2800 e lial) claaially adll Joae 8 o ssnil) (ssiase (p Ailian) AN il 4puse L))
Gie b paliad) aag 2 Tl skl 8 e lead) AN £y 8 Aeadieall & D) Aaaif Calidd dailly
ey A5lia Lo LOAN Aabiad) 2358915 (g5l 3inal) s coallad () oaapall Jaa (& il
Ailan) AVa 0 (A aag LeS L laan s AN dalud) 2501 5l oamg yslshand) elsay callas DU
aaly gany lladl ol b ogie Baamie cliach lladl el deas & Cpfissll i 8
cobadl) gasll e hil) kg

LS i A e s pall Jhmn (6 sl (ssine el O (DAl (e Audpall 038 (s
bl Adail Calide he B pal) BSA api & Gy cp lyanl) AN anye (b Ay (il

248



