
Introduction

Angiotensin-converting enzyme (ACE) has
been the focus of many investigations on sarcoidosis,

a granulomatous disease of unknown etiology. This
is mostly due to the observation that ACE is (usual-
ly) elevated in active sarcoidosis (1). For this reason,
ACE is still the mainstay marker for monitoring sar-
coidosis disease activity (2). Investigations on single
nucleotide polymorphisms (SNPs) have hinted at or
established the importance of genetic variation in re-
lation to either biomarkers for sarcoidosis, such as
ACE, or different clinical entities of sarcoidosis.
The classic example is the insertion/deletion (I/D)
polymorphism in the ACE1 gene. Not only is the D
allele associated with elevated ACE levels in the
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blood, while the I allele is associated with lower lev-
els (3), carriage of particular I/D genotypes has been
found to influence susceptibility and disease progres-
sion, depending on race, in sarcoidosis patients (4).

The angiotensin II type 1 receptor (AT2R1) is
the receptor for angiotensin II, a potent vasocon-
strictor producing ACE from angiotensin I. Carriage
of the less common allele of the 1166 A/C SNP in
this gene has been linked to an increased risk for my-
ocardial infarction, but only in co-existence with ho-
mozygous DD carriage of the ACE I/D variant (5).
These studies suggested an interaction between
ACE and AT2R1 gene variants on disease suscepti-
bility or severity.

A recent study by Biller and colleagues investi-
gated whether these ACE and AT2R1 gene poly-
morphisms would show co-dependent associations
with either disease susceptibility or progression and
expression of ACE in sarcoidosis patients (6).

Our own group had previously investigated a
possible role for the AT2R1 1166 A/C SNP in a
group of Dutch Caucasian sarcoidosis patients, but
we had not found any associations with disease sus-
ceptibility or progression (data not published). Fol-
lowing the publication from Biller et al. we decided
to reanalyze our data using their approach by seek-
ing interactions between the ACE I/D and AT2R1
1166 A/C polymorphisms in a group of Dutch Cau-
casian sarcoidosis patients.

Methods

Patients

Ninety-nine unrelated Dutch patients with sar-
coidosis (55 males/44 females; age at diagnosis (37 ±
11 years), were included in this retrospective study.
ACE was measured at the time of presentation after
which the diagnosis for sarcoidosis was made. None
of these patients were being treated for their disease
at the time of diagnosis. The diagnosis was estab-
lished when clinical findings were supported by his-
tological evidence and after exclusion of other
known causes of granulomatosis in accordance with
the consensus of the ATS/ERS/WASOG statement
on sarcoidosis (2).

Chest radiographs were classified according to
the Scadding criteria and radiographic evolution

over a 4-year follow-up period (presentation, 2 and 4
years) was categorized as follows: A (normalization
or improvement towards stage I) (n = 36), B (persis-
tent stage II/III or progression in that direction) (n
= 28), and C (stable stage IV or progressive towards
this stage) (n = 6) (7). Patients who had been diag-
nosed with Löfgren’s syndrome at presentation (n =
30) were considered as a distinct group with radi-
ographic evolution not exceeding stage I. Fourteen
patients in group A, 18 in group B, 5 in group C, and
5 in the Löfgren’s group received treatment with cor-
ticosteroids in the follow-up period.

Controls

Venous blood samples were obtained from 327
(117 males/210 females; age 40 ± 12 years) healthy
employees of the St Antonius Hospital. By complet-
ing a questionnaire, relevant background informa-
tion was provided by these volunteers, which includ-
ed medication and hereditary diseases. The medical
ethical committee of the St. Antonius Hospital ap-
proved the study conducted and all subjects gave for-
mal written consent.

Measurement of ACE

Serum ACE was measured in lithium heparin
plasma using the Bühlmann ACE kinetic test, ac-
cording to previously described methods (Bühlmann
Laboratories AG, Switzerland).

Genotyping

Genomic DNA of volunteers and patients was
isolated from EDTA blood using the MagNA Pure
LC DNA Isolation kit I (MagNA Pure; Roche Dia-
gnostics).

The biallelic AT2R1 1166 A/C single nu-
cleotide polymorphism was determined using se-
quence-specific primers (SSPs) -polymerase chain
reaction (PCR). SSPs were designed for each bial-
lelic single nucleotide polymorphism (SNP) differ-
ing only in the 3’ nucleotide. Primers were designed
optimally with a length of 20 base pairs (bp), salt ad-
justed melting temperature (Tm) of 60˚C, GC con-
tent of 50% and with no secondary structures. The
program oligonucleotide properties calculator
(http://www.basic.northwestern.edu/biotools/oligoc
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alc.html) was used to determine these conditions.
The sequences of SNP-specific primers were (1) 5’-
GCACTTCA CTACCAAATG AGCA-3’ and (2)
5’-GCACTGCA CTACCAAATG AGCA-3’ for
the A allele specific primer, and (3) 5’-
GCACTTCA CTACCAAATG AGCC-3’ and (4)
5’-GCACTGCA CTACCAAATG AGCC-3’ for
the C allele specific primer. The reason for using
two instead of one set of primers is the presence of
another SNP (T/G) that is located 16 bp upstream
(shown in bold). In doing so, the alternating T/G
SNP is accounted for and should not compromise
the specificity of the 1166 A/C primer. Each primer
was used in conjunction with a consensus primer 5’-
GCA GTA CCA GGT GCA AGT GT-3’, to gen-
erate an amplicon of 420 base pairs.

The SNP-specific primers were 22 bp long, had
a salt adjusted melting temperature and GC content
of (1) 60˚C/45%, (2) 62˚C/50%, (3) 62˚C/50%, and
(4) 64˚C/55%, respectively. The consensus primer
was 20 bp, had a salt adjusted melting temperature of
60˚C and had a GC content of 55%.

Primers forming dimers were avoided using
FastPCR (http://primerdigital.com/fastpcr.html).
Once designed, primers were checked for specificity
using the basic local alignment search tool (BLAST)
http://www.ncbi.nlm.nih.gov/BLAST/ from the na-
tional centre for biotechnology information (NCBI).
The specificity of both SNP-specific primer sets was
100% for all 22 base pairs, the consensus primer was
100% for all 20 bp. The most compatible alignment
with sequences other than the one used as primers in
our assay was a strand of 15 bp, but the fact that the
PCR reaction yielded a 420 bp product as predicted,
supported the sufficient specificity of the primers
used. The PCR conditions were as previously de-
scribed (8).

ACE I/D polymorphisms were determined by
real-time PCR using fluorescent hybridization
probes and a LightCycler (Roche Diagnostics) as
described earlier with some slight modifications (9-
11).The detection probes were the same as described
by Somogyvári et al. (10).

Statistical Analysis

Statistical analysis was performed using chi-
square contingency table analysis with the appro-
priate number of degrees of freedom (df ). Fisher’s

exact test was used if expected cell frequencies were
lower than five. Genotype frequencies were tested
for Hardy-Weinberg equilibrium. Kruskal-Wallis
or Mann-Whitney tests were used to examine dif-
ferences in continuous variables between groups.
The statistical evaluation of our data was per-
formed using SPSS 16 (SPSS Inc., Chicago, IL,
USA) and Graphpad Prism 5 (Graphpad Software,
Inc., San Diego, CA, USA) software packages.
Multivariate ANOVA was performed on log (ln)
transformed data to assess the influence of health
status (sarcoidosis vs. controls), age, genotype of ei-
ther ACE I/D, AT2R1 1166 A/C and interactions
thereof.

Statistical significance was denoted by a value of
p < 0.05 for all tests performed.

Results

Table 1 summarizes the genotype and allele fre-
quency distributions of ACE I/D and AT2R1 1166
A/C polymorphism in sarcoidosis patients and con-
trols. No statistically significant differences were
found between the two groups and their genotype
distributions (Chi-square, p > 0.05 for both genes).
Both gene polymorphisms were in Hardy-Weinberg
equilibrium in each population.

There were no differences in genotype distribu-
tions for either polymorphism between genders or
between patients with progressive/chronic disease
and those with acute/remission type course of dis-
ease (data not shown).

Table 1. ACE I/D and AT2R1 allele carrier and genotype fre-
quencies in sarcoidosis patients and controls.

Polymorphism allele & Controls (total) Patients (total)
genotype (n = 327) (n = 99)

ACE I/D I 0.77 (251) 0.75 (74)
D 0.79 (258) 0.75 (74)
II 0.21 (68) 0.25 (25)
ID 0.56 (182) 0.50 (49)
DD 0.24 (77) 0.25 (25)

1166 A/C A 0.89 (290) 0.90 (89)
C 0.52 (172) 0.48 (48)
AA 0.47 (155) 0.52 (51)
AC 0.42 (135) 0.38 (38)
CC 0.11 (37) ) 0.10 (10)

Chi-squared test: controls vs. patients, p > 0.05 for both ACE I/D
and AT2R1 1166 A/C allele (carriage) frequencies.
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ACE levels were influenced by the D and I al-
leles, such that D carriage was associated with high-
er ACE levels than I carriage. This was true for both
controls (median [25th-75th percentile] ACE levels
(U/L): DD = 49.4 [39.5-59.5]; ID = 36.2 [29.3-
44.2]; II = 25.0 [17.7-31.4]; Kruskal-Wallis,
p < 0.0001) and sarcoidosis patients (DD = 81.1
[57.5-105.5]; ID = 66.0 [50.0-89.5]; II = 53.0 [43.0-
78.5], p = 0.01).

There was no association between the AT2R1
1166 A/C genotype and ACE levels (data not
shown). No interactions were found between the
variables ACE I/D, AT2R1 1166 A/C, age, and dis-
ease state, on the ACE levels analyzed in a multi-
variate ANOVA.

The frequency distribution of ACE I/D and
AT2R1 1166 A/C genotype co-incidences were an-

alyzed and compared between the patients and con-
trols. The most abundant combination was found to
be the DI*AA genotype combination in both con-
trols and patients (figure 1). However, no significant
differences were observed between co-incidence of
ACE and AT2R1 between patients and controls.

To test whether the 1166 A/C polymorphism
could modify the ACE I/D genotype-dependent
ACE levels, each 1166 A/C genotype was grouped
under each ACE I/D genotype (table 2). There were
no differences observed between ACE levels for any
of the AT2R1 1166 A/C genotypes that were cate-
gorized in specific ACE I/D genotypes in either pa-
tients or controls.

Discussion

Aside from the observed ACE genotype-de-
pendent serum ACE levels in both healthy controls
and sarcoidosis patients, ACE I/D nor AT2R1 1166
A/C genotypes did not show to have any influence
on disease susceptibility or disease progression. The
AT2R1 1166 A/C polymorphism, either analyzed in
combination with ACE I/D or alone, had no influ-
ence on serum ACE levels.

Our study was unable to confirm any of the fur-
ther observations by Biller et al. First, their study
showed a significant difference in AT2R1 1166 A/C
genotype distribution between patients and controls.
They further stated that an increased number of
AT2R1 AA and CC homozygotes were present in
male sarcoidosis patients, although these results were
not statistically significant.Moreover, their sarcoido-
sis patient population was not in keeping with the
Hardy-Weinberg equilibrium for this SNP, which

Fig. 1.Distribution of ACE and AT2R1 genotype co-incidences
(%). No significant differences were found in genotype co-inci-
dences between sarcoidosis patients (n = 99) and healthy controls
(n = 327).

Table 2.ACE I/D and AT2R1 dependent ACE levels (U/L) in sarcoidosis patients and controls.

ACE I/D DD ID II
AT2R1 1166 A/C AA AC CC AA AC CC AA AC CC

Controls (n=42) (n=29) (n=6) (n=86) (n=74) (n=22) (n=27) (n=32) (n=9)
Median ACE 47 53 49 35 37 36 25 23 31
Range* (36-58) (44-65) (44-68) (28-44) (30-48) (31-42) (20-29) (17-31) (22-34)

Patients (n=16) (n=8) (n=1) (n=24) (n=19) (n=6) (n=24) (n=19) (n=6)
Median ACE 71 90 78 68 64 63 68 64 64
Range (57-100) (50-133) (54-79) (45-92) (54-79) (54-79) (45-92) (51-86)

* range is 25th and 75th percentiles.
Kruskal-Wallis test: p = 0.89; every column comparison (post-test) within each ACE I/D genotype: p > 0.05 for either the controls or the
patients.
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questions the integrity of the patient selection, un-
less the AT2R1 A/C would strongly impact the like-
lihood of a patient contracting sarcoidosis. In com-
paring our results with those of Takemoto (12), the
frequency distributions of both the ACE and
AT2R1 genotypes were quite different from those in
the Japanese population, although these were no dif-
ferent between patients and controls in each respec-
tive study group. Previous Japanese studies have
shown that compared to Caucasian populations, the
ACE I/D genotype distribution is different, with
preponderance of the I allele in the Japanese. The
observation that the AT2R1 1166 A/C frequency in
Japanese is equally different from Caucasians is
therefore not surprising and denotes the genetic di-
versity between races and the relative influence of al-
lele carriage in disease susceptibility.

The second observation by Biller et al. was the
increased number of co-incidence of ACE DI with
AT2R1 1166 AC (DI*AC) in the sarcoidosis pa-
tients, suggesting a protective effect of co-inheritance
of this genotype combination. Our study did not
show any differences in terms of co-incidence be-
tween patients and controls. The similarity between
the German and Dutch ancestry would predict a
comparable genetic make-up and thus a similar fre-
quency distribution of polymorphisms. For the Ger-
man and Dutch control groups this was indeed the
case, but not for the sarcoidosis groups of different
nationalities, which revealed differences in AT2R1
1166 A/C genotype frequency distributions. Howev-
er, seeing as sarcoidosis is a multifactorial disease, the
results found by Biller et al. may very well be of sig-
nificance in German sarcoidosis patients, but not in
Dutch sarcoidosis patients. Another possible expla-
nation for the different results between the German
and Dutch patients may be the disease phenotypes in
each cohort. For example, the German patient cohort
had a much higher share of patients with stage II and
III, while the Dutch had a preponderance of patients
with stage I disease. Although no associations were
found between radiographic staging and AT2R1
genotype distributions in either study, it may be that
the limited size of both populations conceals such an
association. As a result, the net genotype distribu-
tions between the Dutch and German cohort may
differ slightly and thus yield different results.

Finally, the interaction between the ACE DI
and AT2R1 1166 AC polymorphisms on the serum

ACE levels was not seen in our study groups. The
question is whether such effect was even found in
Biller’s study, seeing as no statistical analysis sup-
ported their observation. Only if such observations
were to be proven statistically significant, the inter-
action between the two genes in their genotype
would suggest a sub-additive model for ACE ex-
pression by the AT2R1 1166 C allele in both healthy
and disease states. Our data showed narrow (<11%)
95% CI ranges, which translates to an acceptable
statistical power to detect differences between ACE
levels. Consequently, differences in genotype-spe-
cific ACE levels as low as 11% would have been able
to be identified.

In conclusion, our study did not find what was
observed by Biller and colleagues other than the in-
fluence of the ACE I/D polymorphism on serum
ACE levels in both sarcoidosis patients and healthy
individuals.
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