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Chapter 5  

ABSTRACT 
The purpose of the present study was to examine the additional usefulness of 
serum neopterin in the management of sarcoidosis. Neopterin is produced by the 
activated monocytes/macrophage lineage and is stimulated by interferon-y. Other 
serum markers, such as lysozyme (LZM) and angiotensin-converting enzyme 
(ACE), are derived from macrophages/epithelioid cells in the characteristic 
granulomas of sarcoidosis. Serum LZM, ACE and neopterin were determined in 
21 patients with biopsy-proven sarcoidosis who were classified into two groups: a 
(sub) acute group A (n = 9) and a chronic group B (n= 12). Sixteen patients, with or 
without therapy, were studied during a follow-up period (6-9 months). In addition, 
serum LZM, ACE and neopterin were measured in 7 patients with untreated 
pulmonary tuberculosis. Ten healthy control subjects presented the reference 
normal serum neopterin levels. Initial serum LZM, ACE and neopterin were 
increased in respectively 24%, 100% and 81% of all patients with sarcoidosis; as 
calculated, the mean values for serum ACE (102 ± 28 U/L) and neopterin (23.1 ± 22.2 
nmol/L) were significantly (p < 0.001) elevated. LZM versus ACE was correlated 
(r= 0.80,p < 0.001), but neopterin was also correlated with LZM (r= 0.86,p < 0.001) 
and ACE (r= 0.68, p < 0.001). A difference was observed between the (sub)acute 
and chronic patients groups. In both groups only serum ACE and neopterin were 
significantly (p < 0.001) increased, but without any difference. In group A was no 
correlation between LZM and ACE versus neopterin. In group B, LZM versus 
neopterin (r= 0.98, p < 0.001)and ACE versus neopterin (r= 0.87, p < 0.001) 
were correlated. In group A and B serum LZM versus ACE correlation's were 
observed. In the follow-up study of patients with or without therapy the 
determination of serum neopterin indicated an early response to therapy or a 
relapse of the disease. There was no difference between the serum neopterin 
levels in untreated pulmonary tuberculosis and those in (sub)acute sarcoidosis. 
In conclusion, additional determined serum neopterin concentration proved to 
be an useful marker for disease activity in sarcoidosis, especially in the possibility 
of detection of monocytes/macrophage activation which may be an early phase 
in the ongoing granulomatous inflammation. The study indicates that serum 
neopterin, together with serum ACE, may be more or less helpful to distinguish 
the phase of the granulomatous inflammatory process in sarcoidosis. 

Keywords: Serum neopterin, lysozyme, angiotensin-converting enzyme, 

sarcoidosis, tuberculosis 
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Neopterin in sarcoidosis 

INTRODUCTION 
Sarcoidosis is an inflammatory multiorgan disorder of unknown origin, 
characterised by the infiltration of T lymphocytes and mononuclear phagocytes 
and by the formation of noncaseating granulomas in the affected organs [1]. 
Current concepts of the immunopathogenesis of the disease include local 
stimulation and replication of activated T lymphocytes and macrophages via a 
complex cytokine network [2]. Previous studies have indicated that the release 
of neopterin, a metabolite of guanosine-triphosphate (GTP), reflects macrophage 
activation. Neopterin is produced by the monocytes/macrophages under the 
control of interferon-y, one of the multiple cytokines derived from the activated 
T lymphocytes [3,4]. Its biological function in the immune and inflammatory 
reactions is unknown. The serum neopterin concentrations may be elevated in 
sarcoidosis and may reflect the intensity of the immune-mediated inflammatory 
process [5,6]. The incidental studies have focused on the relatively high 
sensitivity (72% and 62%, respectively) for serum neopterin in (in)active 
sarcoidosis. However, serum neopterin measurements are not routinely 
performed in the management of sarcoidosis. The low specificity (about 45%) of 
serum neopterin for sarcoidosis has limited its diagnostic value (7). Macrophages/ 
epithelioid cell derived factors include mainly lysozyme (LZM) and angiotensin-
converting enzyme (ACE). In clinical practice, the measurement of serum ACE 
is the most widely-used laboratory test in the management of sarcoidosis. Serum 
ACE levels varied widely and may be elevated in 40% to 90% of patients with 
sarcoidosis [7]. In one of our previous studies, 65% of all patients with newly 
diagnosed sarcoidosis had an initial increased serum ACE [8]. Serum ACE may 
be related to the presentation form and (or) different phases of the disease. The 
detection of an insertion/deletion polymorphism in the ACE gene also accounts 
for the variation in serum ACE levels [9,10]. Moreover, synthetic angiotensin-
converting enzyme inhibitors may influence the test results. The aim of the 
present study has been to determine the usefulness of serum neopterin as a 
marker of monocytes/macrophage activation, and to investigate the relationship 
with the well-known activity markers LZM and ACE in the cascade of the 
granulomatous inflammation in sarcoidosis. Elevated urinary neopterin levels 
have been found in patients with tuberculosis and the authors indicated that 
the urinary neopterin levels were valuable for the treatment management of 
the disease [11]. In a small group of untreated patients with pulmonary 
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tuberculosis serum neopterin concentrations were measured and compared to 
those in patients with sarcoidosis in order to determine the usefulness of 
neopterin in another condition. 

PATIENTS AND METHODS 
Patients 

The study concerned a group of twenty-one patients with sarcoidosis (14 women 
and 7 men) between 25 and 70 years of age (mean 42 years). All patients had a 
pulmonary manifestation of sarcoidosis attending the pulmonologic outpatients 
department. The diagnosis sarcoidosis was established by clinical evaluation 
(routine medical history and physical examination; laboratory tests, e. g. serum 
lysozyme and angiotensin-converting enzyme; chest radiography; pulmonary 
function tests) and was supported by tissue biopsy showing noncaseating 
epithelioid-cell granulomas. The histological diagnosis was obtained by 
peripheral lymph node biopsy (n = 6), lymph node biopsy by mediastinoscopy 
(n=l), transbronchial lung biopsy (n = 10), liver biopsy (n=l) and cutaneous 
biopsy (n = 2) in 20 of the 21 patients. On the basis of the clinical evaluation all 
patients had an active disease. Twelve patients could be considered as chronic 
patients; the illness had persisted during 2-12 years (mean 7 years). According 
to the chest radiographic staging method the patients could be divided into four 
groups of pulmonary sarcoidosis: 6 patients with stage 1 (bilateral hilar and 
mediastinal lymph node enlargement without pulmonary abnormality), 8 
patients with stage 2 (pulmonary involvement with bilateral hilar and mediastinal 
lymph node enlargement), 6 patients with stage 3 (pulmonary involvement 
without intrathoracic lymphadenopathy), and one patient had radiographic 
evidence of pulmonary fibrosis with contraction and distortion of lung 
architecture [12]. The clinical characteristics are summarised in table 1. No 
patient was taking corticosteroids at the time of the initial investigation. Sixteen 
patients had been followed on a three to six months schedule, with a maximum 
of fifteen months for one patient; 5 patients (patient no 12,16,17,18 and 19) had 
no therapy, 7 patients (patient no 1,4,5,6,10,15 and 21) were systemic treated 
with corticosteroids (Prednison) and in 4 patients (patient no 2,3,9 and 11) 
treatment with inhaled corticosteroids (budesonide) was initiated. One patient 
(no 4) with hypercalcemia and acute renal failure was additionally treated with 
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1000 mg methylprednisolone a day intravenously, for three consecutive days, 
which was repeated after two weeks; the maintenance dose of corticosteroids 
was 20 mg Prednison a day orally (table 1 and figure 6). During the follow-up of 
the 16 patients the disease (activity) was classified as improving, stable or 
deteriorating by clinical, radiographic and pulmonary function assessment. For 
comparison, serum samples of seven patients (4 women and 3 men; age between 
24 and 62 years, mean 35 years) with untreated pulmonary tuberculosis were 
assayed for LZM, ACE and neopterin. The normal control group consisted of 
ten healthy subjects in whom only serum neopterin was measured. 

Methods 
All serum samples collected for routine LZM and ACE determinations were 
frozen and stored at -20° C in the dark until batchwise neopterin analysis was 
performed. No significant effect of storage, thawing and repeated freezing of 
the serum samples could be found. Serum neopterin was measured by a 
radioimmuno-assay using the commercial RIA kit from Henning (Berlin). The 
upper limit of the normal range is 10.0 nmol/L [13]. Serum LZM was measured 
with reagents from Instruchemie (Hilversum) and compared with two lysozyme 
standards. Lysozyme activity towards cell wall suspension of Micrococcus 
lysodeicticus was determined as described by Prockop and Davidson [14]. The 
normal range is 1.8-6.0 mg/L. Values exceeding the upper limit 6.0 mg/L were 
considered to be increased. Serum ACE was determined by the Bühlmann ACE 
kinetic test, using the commercial kit which was provided by DPC (Apeldoorn). 
Angiotensin-Converting enzyme activity in serum was measured using L-
hippuryl-L-histidyl-L-leucine as substrate [15]. In normal subjects the range of 
serum ACE is 18-55 U/L. A serum ACE value of 55 U/L was considered as the 
upper limit of the reference range. 

Statistical analysis 
Results are given as range and means ± SD. Intergroup differences were 
analysed by analysis of variance (ANOVA). A p-value of < 0.05 was considered 
to represent a significant difference. 
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RESULTS 
Control subjects 
In the ten healthy control subjects in whom serum neopterin was measured, all 
serum values were below 10.0 nmol/L (range 3.9-7.6 nmol/L; mean 5.3±1.2 
nmol/L) corresponding with the values presented in the literature [12]. 

Patients with sarcoidosis 
Table 1 shows the clinical characteristics of the 21 patients with sarcoidosis. 
Partly based on the criteria as formulated by the WASOG conference, the 12 
chronic patients, as well as the 9 (sub)acute patients had an active disease [16]. 
In the 21 patients with sarcoidosis serum LZM and ACE varied widely; the values 
were 2.2-18.8 mg/L (mean 5.8±3.8 mg/L) and 64-175 U/L (mean 102±28 U/L), 
respectively. Only the mean value for serum ACE was significantly (p < 0.001) 

Pat. no. Sex Age (Physical) examination Radiographic stage Biopsy Presentation 

1 F 31 2 TBB 1st visit 
2 M 40 Salivary gland 2 TBB 1st visit 
3 M 37 3 TBB 1st visit 
4 M 65 Hypercalcemia, kidney 1 TBB, kidney 1st visit 
5 M 40 Salivary gland, LN SC 2 LNSC 1st visit 
6 F 65 Uveitis, skin 1 Skin 1st visit 
7 F 25 Uveitis, EN 1 Skin 1st visit 
8 F 36 Heerfordt syndrome 2 TBB 1st visit 
9 M 40 3 TBB 1st visit 

10 F 37 TBB C; 2yrs 
11 F 33 Uveitis 2 TBB C; 4yrs 
12 F 37 Uveitis, LN SC 1 Liver C; 12 yrs 
13 F 35 EN 1 - C; 3 yrs 
14 F 48 Salivary gland, LN SC 1 LNSC C; 10 yrs 
15 M 37 Skin, LN SC 2 LN SC, skin C; 10 yrs 
16 F 37 Skin 2 TBB, skin C; 12 yrs 
17 M 40 Uveitis, LN SC 3 LNSC C; 10 yrs 
18 F 38 Skin, LN SC 3 LN SC, skin C; 6 yrs 
19 F 37 LNSC 3 LNSC C; 7 yrs 
20 F 58 4 Med. scopy C; 7 yrs 
21 F 70 Uveitis, hypercalcemia 3 TBB C; 3 yrs 

F=female; M = male; EN=erythema nodosum; LN=lymph nodes; SC=supraclavicular; TBB = 
lung biopsy; C = chronic disease Clinical characteristics of 21 patients with sarcoidosis. 

transbronchial 

Table 1. Clinical characteristics of 21 patients with sarcoidosis. Abbreviations: F=female; M = male; 
EN = erythema nodosum; LN= lymph nodes; SC = supraclavicular; TBB=transbronchial lung biopsy; 
C = chronic disease. 
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Fig. 1. Serum neopterin levels in 21 patients with sarcoidosis, 7 untreated patients with pulmonary 
tuberculosis and in 10 healthy control subjects. The horizontal line represents the normal upper limit 
of serum neopterin. Some values are not seen owing to overlying data points. 

increased. Serum neopterin ranged from 6.6 to 69.2 nmol/L, mean 23.1 ±22.2 nmol/ 
L (figure 1). The mean serum neopterin was significantly (p < 0.001) elevated in 
comparison with the healthy controls. An initial increased serum LZM, ACE 
and neopterin could be determined in 24%, 100% and 81% of this series of 
patients. The serum levels LZM versus the serum levels neopterin correlated 
statistically significant (r= 0.86, p < 0.001) (figure 2a). There was also a significant 
positive correlation between serum ACE and neopterin concentrations (r = 0.68, 
p < 0.001) (figure 2b). Moreover, a significant correlation (r= 0.80, p < 0.001) 
was observed between the initial serum LZM and ACE levels. As shown in table 
1 two categories of patients with sarcoidosis are presented: 9 (sub)acute patients 
were assigned to category A and 12 chronic patients to category B. No significant 
difference in age was found between the groups. By contrast, the chronic patients 
contained more females (n=10). Separately, both categories of patients were 
also analysed. In category A the mean serum levels of LZM, ACE and neopterin 
were 4.1 ±1.3 mg/L, 96±17 U/L and 17.0±15.8 nmol/L, respectively. Only the 
mean values for serum ACE and neopterin were significantly (p < 0.001) 
increased. No correlation's were found between the serum LZM and neopterin 
levels (r= 0.10, p= 0.80) and the serum ACE and neopterin levels (r= -0.27, p = 
0.48). A significant correlation between the serum LZM and ACE levels was 
observed in the category A patients (r= 0.66, p < 0.05). In the patient group of 
category B the mean serum concentrations of LZM, ACE and neopterin were 
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Fig. 2. Regression line with 95% confidence interval for the initial serum LZM and neopterin 
concentrations in 21 patients with sarcoidosis (a). Regression line with 95% confidence for the initial 
serum ACE and neopterin levels in the same group of patients (b). In both figures there are overlying 
data points. 

15.3±32.7 mg/L, 106±34 U/L and 27.6±25.7 nmol/L, respectively. Serum ACE 
and neopterin were significantly (p < 0.001) elevated. In contrast with the results 
in the category A patients serum LZM and neopterin levels were significantly 
correlated (r= 0.98, p < 0.001). A correlation serum ACE versus serum neopterin 
was observed (r= 0.87, p < 0.001). We found also a correlation (r= 0.75, p < 0.001) 
between the serum LZM and ACE levels in this group of patients. There were no 
significant differences in serum LZM, ACE and neopterin levels between the 
two groups. 

Follow-up of patients with sarcoidosis 
Four chronic patients (no 12,16,17 and 19) who need no systemic treatment with 
corticosteroids could be followed during minimal 6 months. One patient (no 18) 
had only a follow-up at 15 months after the initial laboratory investigation. The 
individual serum concentrations of neopterin (a) and ACE (b) are given in figure 3. 
The disease was considered as stable in the patients no 16,17 and 19. The disease 
was deteriorating in the patients no 12 and 18, and were requiring treatment. 
The clinical deterioration was in concordance with the high serum neopterin 
concentrations (20.3-23.0 nmol/L and 34.8-31.0 nmol/L). Except for patient no 
18 the serum ACE remained in the same elevated range. In seven patients (no 
1,4,5,6,10,15and 21) treatment with Prednison was initiated (figure 4). In this 
small group of patients the initial serum neopterin levels varied widely (range 
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Fig. 3. Serum neopterin concentrations (a) and serum ACE levels (b) at the start of the study and 
during follow-up in 5 untreated patients (no 12,16,17,18 and 19) with chronic sarcoidosis. In both 
figures the overlying data points are limited. 

Fig. 4. Follow-up of 7 patients (no 1,4,5,6,10,15 and 21) during treatment with different (maintenance) 
dosage of oral Prednison, a) The effect of the corticosteroids on serum neopterin. b) The effect of the 
corticosteroids on serum ACE. Some nearly same data points are not completely distinguished. 

Fig. 5. Four patients (no 2,3,9 and 11) with pulmonary sarcoidosis could be treated with inhaled 
budesonide (1600 (jg a day, administrated via a Turbuhaler ®). The figure shows the follow-up serum 
concentration of neopterin (a) and ACE (b). 

61 



-

20 mg prednisone a day 

- A W ^ " LZM 
ü ACE 

-
• Neop 

— 
• 

-
D 

• • 

- D 

• 
1 T 

• D O 

T * T 

Chapter 5 

% 
700 

600 

500 

400 
Fig. 6. The effects of oral 

300 |- Prednison (20 mg a day) and extra 
intravenous high dose (1000 mg) 

200 [ A methylprednisolone (an arrow 
represents 1000 mg a day) on the 

100 [ • serum LZM, ACE and neopterin 
levels in patient no 4. The data 

0 — —' points are expressed as percen-
0 I 2 3 12 tages of the upper limits of the 

weeks normal values. 

10.7-88.7 nmol/L, mean 33.7 + 30.6 nmol/L) and their values followed the course 
of the disease whether or not in dependence of the dosage of Prednison, as shown 
in figure 4a. The initial serum ACE levels (range 77-175 U/L, mean 122 ±30 U/L) 
were also increased, whilst the serum ACE values decreased and remained 
mainly above the upper limit of the normal range (figure 4b). During the 9-months 
follow-up period 4 patients were clinical classified as improving, 2 patients were 
stable and 1 patient had a relapse by tapering of the dose of Prednison. Four 
patients (no 2,3,9 and the chronic patient no 11) had pulmonary sarcoidosis with 
only slight pulmonary symptoms. They were treated with inhaled budesonide 
(1600 ug a day, administrated via a Turbuhaler ®). A nearly complete radio -
graphical recovery was observed in patient no 2,3 and 9. No radiographic change 
was seen in patient no 11; this chronic female patient needed later systemic 
treatment with corticosteroids for reasons of pulmonary function deterioration. 
The serum neopterin and ACE concentrations of these patients during the follow-
up period are presented in figure 5a and 5b, respectively. Figure 6 shows the 
results of the institution of corticosteroids pulse therapy because of hyper
calcemia and acute renal failure. The renal failure was also histologically declared 
by the infiltration of granulomas in the kidney. Before treatment the serum 
neopterin concentration was very high, and it rapidly declined after the 
institution of corticosteroids, concomitantly with an improvement of the renal 
function. In contrast with serum LZM and ACE, in this patient serum neopterin 
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remained far above the upper limit of the normal range. The clinical aspects in 
this patients were in a close relationship with the determined serum neopterin 
concentrations. The serum neopterin concentration demonstrated clearly better 
the activity of the granulomatous inflammation than the other serum parameters 
LZM and ACE. 

Patients with pulmonary tuberculosis 

Neopterin levels in serum of all untreated patients with pulmonary tuberculosis 
were elevated (mean 31.1 ±16.7 nmol/L, range 11.4-50.0 nmol/L). As compared 
to the healthy control subjects these levels were significantly (p < 0.001) increased 
(figure 1). With respect to the serum neopterin concentrations in sarcoidosis 
and pulmonary tuberculosis no difference was observed. In the patients with 
tuberculosis mean serum LZM and ACE values were 2.7±0.95 mg/L and 
30.2±21.2 U/L, respectively; two patients had a low serum ACE of 4 U/L and 7 
U/L, which may be influenced by ACE gene polymorphism, whilst the use of 
ACE inhibitors was unknown. 

DISCUSSION 
In active sarcoidosis there is a continuous granulomatous inflammation which 
is characterised by the infiltration of activated T lymphocytes and mononuclear 
phagocytes. So far, no etiologic agent has been identified. An early phase in the 
granulomatous inflammatory process leading to the formation of granulomas is 
the activation of the monocytes/macrophage lineage. However, with regard to 
the granulomas activated macrophages/epithelioid cells have important clinical 
relevance; the macrophages/epithelioid cells are mainly the source of serum 
LZM, ACE and calcitriol, established as markers of activation in sarcoidosis. 
Serum ACE, reflecting the body granulomas load, is routinely used in the 
management of sarcoidosis. Current reports on serum ACE levels in patients 
with sarcoidosis have shown a sensitivity of 40 to 90% [7,8]. Serum ACE levels 
may be normal, especially in the (sub)acute disease. Differences in the reported 
sensitivity of serum ACE levels may also be related to the recently described 
insertion/deletion polymorphism in the ACE gene, the use of many different 
specific assays and the prescription of ACE inhibitors [7,9,10]. In the present 
study with selected patients groups the serum ACE level was elevated in all 
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patients. Our study demonstrates that additionally the serum neopterin levels, 
derived from the monocytes/macrophage lineage, were elevated in 81% of the 
patients. The levels correlated significantly with serum LZM and ACE 
concentrations, whilst serum LZM was increased in only 24% of this series of 
patients. The correlation's observed were not unexpected. The finding of a low 
sensitivity of serum LZM makes the measurement of LZM not meaningful in 
the clinical management of sarcoidosis. Subdivision of the patients in (sub) acute 
and chronic patients shows a difference in relationship between the determined 
serum LZM, ACE and neopterin levels. In both groups of patients the mean 
serum ACE and neopterin levels were in contrast with serum LZM significantly 
increased. Only in the group with chronic patients there was a correlation 
between the serum LZM and ACE levels versus the serum neopterin levels. There 
seems to be a closer relation between LZM and neopterin than between ACE 
and neopterin. The lack of correlation between either the serum LZM or serum 
ACE values versus the serum neopterin concentrations in the group of (sub) acute 
sarcoidosis patients may be due to more or less granulomas formation in the 
early phase of the ongoing inflammatory process. This observation is, so far as 
we know, not reported in the literature. The elevated mean serum ACE and 
neopterin concentrations were practically equal in both groups. Therefore, the 
described difference between the groups could not be explained by the extent 
of the disease, as shown in table 1. The present study indicates that neopterin 
gauges the activation of the monocytes/macrophage lineage and may be useful 
in an additional setting with angiotensin-converting enzyme of the macrophage/ 
epithelioid cell lineage in the course of granulomas formation. As known, 
angiotensin-converting enzyme and neopterin are less specific and the measurement 
of these biochemical markers limits its diagnostic value. Nevertheless, the 
additional measurement of serum neopterin proved to be an useful marker for 
disease activity in sarcoidosis. The study suggests that the measurement of serum 
neopterin, together with serum ACE, may be more helpful in the management 
of patients with sarcoidosis, whether or not receiving therapy. The follow-up 
study confirms the usefulness of serum neopterin as a marker to monitor the 
disease activity. The marker seems to be superior to serum ACE. During the 
follow-up of patients with or without therapy the determination of serum 
neopterin may reflect in an earlier phase the response to therapy. The systemic 
administration of corticosteroids leads to a rapid reduction of the serum 
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neopterin level. The risk of relapse was sometimes shown by an elevation of 

serum neopterin, whilst serum ACE remained unchanged. In the small group of 

follow-up patients we found no prognostic value of neopterin with respect to the 

course of sarcoidosis. In patients with untreated pulmonary tuberculosis, a disease 

also characterised by the formation of granulomas, serum neopterin levels were 

significantly increased. No difference to sarcoidosis was distinguished. The 

measurement of serum neopterin is simple and inexpensive, and facilitates its 

use. Its additional use, together with the measurement of serum ACE, may be 

meaningful in the management of sarcoidosis. 
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