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ABSTRACT. Background: Chitotriosidase has been found to be useful as a sarcoidosis biomarker. In patients with
better outcome lower values were observed. Some subjects have 24-base pair duplication in the chitotriosidase
gene (CHIT1) that results in the production of inactive enzyme. This might influence the outcome of sar-
coidosis and account for described observations. Objectives: The aim of this study was to correlate common
CHIT1 duplication polymorphism and clinical outcome status in sarcoidosis (COS). Methods: This retrospec-
tive study comprised 180 patients with sarcoidosis. COS at 3, 5 and 10 years was determined and correlated
with CHIT1 24-base pair duplication polymorphism. CHIT1 genotyping was done by the PCR method. Re-
sults: There was no significant correlation between CHIT1 24-base pair duplication polymorphism and COS
at 3, 5 or 10 years but a subgroup analysis showed higher frequency of patients with Loefgren’s syndrome (50%
vs. 17.1%) and better COS in CHIT1 24-base pair duplication homozygotes vs. all other subjects in major
COS groups (no, minimal and persistent disease) at 3 years (p=0.025) and borderline significant at 5 years (p
=0.090). Conclusions: In this study no correlation between CHIT1 24-base pair duplication polymorphism and
COS was shown, but possible protective role of homozygous condition for CHIT1 24-base pair duplication
polymorphism is suggested. (Sarcoidosis Vasc Diffuse Lung Dis 2015; 32: 194-199)
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INTRODUCTION exposure triggers disease in genetically susceptible

individuals. Wide range of genes has been associat-

Sarcoidosis is a granulomatous inflammatory
disease that typically affects mediastinal lymph
nodes and lung parenchyma but almost any organ
can be involved. It is presumed that environmental
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ed with susceptibility to sarcoidosis and with clinical
phenotype of sarcoidosis, but the strongest associa-
tion is with human leukocyte antigen (HLA) genes,
especially with HLA-DRB1 and DQB1 alleles (1-
4). Haplotype HLA-DRB1*03/DQB1*02 has been
strongly associated with Loefgren’s syndrome (5, 6).
HLA also has prognostic role in sarcoidosis, HLA
DRB1*03 being associated with favorable course of
sarcoidosis both in Loefgren’s syndrome and non-
Loefgren’s patients (7). Some of genes associated
with susceptibility and/or prognosis of sarcoidosis
are tumor necrosis factor alpha (TNF-a) (8, 9), in-
terleukin-10 (IL-10) (10, 11), transforming growth



CHIT1 polymorphism and COS in sarcoidosis

195

factor-betal (TGF-f1) (10, 12), angiotensin-con-
verting enzyme (13, 14) and more but their role ap-
pears to be less strong or has not been consistently
proven (15).

Chitotriosidase (CTO) is a human chitinolytic
enzyme (chitinase) excreted by activated
macrophages and polymorphonuclear neutrophils.
CTO appears to be a part of the innate immune
system against chitin containing pathogens, such as
fungi and some parasites (16-18). The CTO ex-
pression in human macrophages is upregulated by
interferon-y, TNF-a,, lipopolysaccharide and gran-
ulocyte-macrophage colony-stimulating factor
(GM-CSF) and downregulated by IL-10 (19, 20).
CTO is increased in several diseases (21, 22), in-
cluding sarcoidosis. High CTO activity was ob-
served in approximately 90% of patients with active
sarcoidosis (23) and correlates with clinical, radio-
logical or functional deterioration of the disease
(24). This could point at a possibility that it is in-
volved in the etiopathogenesis of sarcoidosis. Re-
cently, positive correlation between CTO values
and clinical outcome status (COS) was shown, thus
giving CTO a potential prognostic value (24, 25).
The level of CTO is influenced by environmental
and genetic factors. There is a common 24-base
pair duplication polymorphism in the CTO gene
(CHIT1) which results in the production of an in-
active enzyme that is mostly degraded intracellular-
ly (26). The expected frequency of normal subjects
(wt/wt) is 60%, heterozygote (wt/H) 34% and ho-
mozygotes (H/H) 6% (26-28). Compared to nor-
mal subjects, heterozygotes are expected to have
50% of CTO activity, while in homozygotes there
is no CTO activity. It was argued that the observed
lower CTO values in patients with favorable COS
might be due to clustering of heterozygotes in
groups with better outcome. This would support
the hypothesis of protective role of CHIT1 poly-
morphism in sarcoidosis. A previous study on
Slovenian sarcoidosis patients did not show differ-
ent frequency of this CHIT1 polymorphism in pa-
tients as compared to general population (29) but in
this study CHIT1 polymorphism was not correlat-
ed to the course (outcome) of the disease. The aim
of this study was to test the correlation between
common CHIT1 24-base pair duplication poly-
morphism, clinical picture and course of the disease

as defined by COS.

METHODS
Subjects

For this restrospective study we screened all pa-
tients (in total 200) included in our sarcoidosis reg-
istry with newly diagnosed sarcoidosis between years
1995 and 2010. The diagnosis in all patients was in
accordance with ATS/ERS/WASOG criteria (30).
180 patients completed minimal follow-up of 3 years
and had sufficient data for COS determination at 3
years. The patients presenting with acute clinical
picture consisting of bihilar lymphadenopathy, ery-
thema nodosum and arthalgia were considered to
have Loefgren’s syndrome. All subjects gave a writ-
ten consent to participate in the study which was ap-
proved by the National Ethics Committee of the
Republic of Slovenia.

CHIT1 genotypization

DNA was isolated from blood leucocytes using
standard protocols. Genotypization of inactivating
mutation (24-base pair long duplication) in CHIT1
gene was done using a polymerase chain reaction
(PCR) and two primers (sequences of the primers
CHIT1-F: 5-AGCTATCTGAAGCAGAAG-3 in
CHIT1-R: 5-GGAGAAGCCGGCAAAGTC-3).
In the mutated gene the resulting amplicon was 24
base pair longer (75 bp in normal and 99 in mutated
genes). They could be separated by electrophoresis
which was done on 3% agar gel colored by SYBR®
Safe DNA gel stain (Invitrogen, Carlsbad, USA).

Clinical outcome status

The patients were classified into subgroups ac-
cording to classification proposed by WASOG task
force (31). The recommended period of observation
for determining the COS is 5 years. In this study we
also determined COS at 3 and 10 years of follow-up.
The major groups were no disease, minimal disease
(less than 25% of maximal disease) and persistent
disease. The patients were further divided according
to the need for systemic therapy. The patients cur-
rently on therapy (or that received therapy in the last
year) were additionally divided into asymptomatic,
symptomatic and with functional deterioration in
the last year. The groups were: COS 1 — no disease,
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never treated; COS 2 — no disease, not treated in last
year; COS 3 - minimal disease, never treated; COS
4 — minimal disease, not treated in last year; COS 5
— persistent disease, never treated; COS 6 — persis-
tent disease, not treated in last year; COS 7 — per-
sistent disease, treated in the last year, asympto-
matic; COS 8 persistent disease, treated in the last
year, symptomatic, COS 9 persistent disease, treat-
ed in last year, with functional deterioration.

Statistics

For calculations the statistical program SPSS
15.0 was used. Non-parametric tests were used and
the data was expressed as median and interquartile
range (IQR). A p value <0.05 was considered as sig-

nificant.

REesuLTs
Patients’ clinical features and CHIT1 polymorphism

Table 1 summarizes the studied population.
CHIT1 polymorphism distribution was not signifi-
cantly different from general Slovenian population,
as it was previously already reported (29). There was
no association between CHIT1 polymorphism and
age, gender, initial chest X-ray stage, lung function
or BAL CD4/CD8 index. There was significantly
higher frequency of patients with Loefgren’s syn-
drome in H/H subject (5/10) compared to remain-
ing patients (29/170) (Fisher’s exact test, p=0.022).

Table 2. Distribution of COS at 5 years and CHIT1 polymorphism

Table 1. The study patients’ characteristics

Number of patients 180
Age in years
median (range) 43 (21 - 81)
Gender
female 99 (55%)
male 81 (45%)
Chest X-ray stage
0 8 (4.4%)
1 84 (46.7%)
2 70 (36.9%)
3 16 (8.9%)
4 2 (1.1%)
Loefgren’s syndrome
yes 34 (18.9%)
no 146 (81.1%)
Lung function
FVC median % (IQR) 94 (20)
FEV1 median % (IQR) 95 (20)
DLco median % (IQR) 86 (19)
BAL
CD4/CD8 index (IQR) 491 (5.41)
CHIT1
wt/wt 110 (61.1%)
wt/H 60 (33.3%)
H/H 10 (5.6%)

CHIT1 polymorphisms and clinical outcome status

In the studied group of patients there was no
significant correlation between CHIT1 polymor-
phism and COS at 3, 5 or 10 years (Table 2, data for
COS at 3 and 10 years is not shown). However,
there was significantly better outcome in H/H sub-

wt/wt wt/H H/H
N % N % N %
No disease COS 1 10 11.5 8 16.0 1 12.5
COS 2 27 31.0 17 34.0 5 62.5
Minimal disease COS 3 5 5.7 1 2.0 0 0.0
COS 4 10 11.5 5 10.0 1 12.5
Persistent disease COS5 3 34 1 2.0 0 0.0
COS 6 7 8.0 5 10.0 0 0.0
COS 7 12 13.8 10 20.0 0 0.0
COS 8 4 4.6 1 2.0 0 0.0
COS 9 9 10.3 2 4.0 1 12.5

In total COS at 5 years could be determined in 145 patients. There was no significant correlation between CHIT1 and COS at 5 years (Spearman’s
rho = 0.111, p = 0.184). There was a trend towards better COS for H/H subjects if major COS groups were compared (Spearman’s vho = 0.141, p

=0.090)
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Table 3. COS evaluated at 3, 5 and 10 years of follow-up

3 years 5 years 10 years
N % N % N %

No disease COS1 24 13.3 19 13.1 4 8.0

COS 2 48 26.7 49 33.8 19 38.0
Minimal disease COS 3 8 4.4 6 4.1 0 0.0

COS 4 23 12.8 16 11.0 8 16.0
Persistent disease COS5 5 2.8 4 2.8 1 2.0

COS 6 17 9.4 12 8.3 4 8.0

COS7 26 14.4 22 15.2 14 28.0

COS 8 13 7.2 5 3.4 0 0.0

COS 9 16 8.9 12 8.3 0 0.0
Total 180 145 50

jects compared to all other subjects in major COS
groups (no, minimal and persistent disease) at 3
years (Spearman’s rho = 0.168, p = 0.025) and almost
significant at 5 years (Spearman’s rho = 0.141, p =
0.090). This could be accounted for by a higher
number of patients with Loefgren’s syndrome in
H/H genotype group. The patients with Loefgren’s
syndrome expectedly had better COS at 3 (Spear-
man’s tho 0.371, p < 0.001), 5 (Spearman’s rho
0.358, p < 0.001) and 10 years (Spearman’s rho
0.329, p = 0.020).

Clinical outcome status (COS) development during
observational period

COS at different observational periods were
compared (Table 3). Excluding patients where 5 or
10 years of follow-up was not yet possible, 88.4%
(145 patients) of initially included patients complet-
ed 5 years and 75.6% (50 patients) 10 years of fol-
low-up. 61.4% of patients had the same COS at 3
and 5 years, 28.9% had lower COS at 5 years and
9.7% had higher COS at 5 years. This was statisti-
cally significant (Wilcoxon signed rank test, p =
0.009). Similarly, 58.4% patients had the same COS
at 5 and 10 years, 35.4% had lower COS at 10 years
and 6.3% had higher COS at 10 years (Wilcoxon
signed rank test, p = 0.005).

DiscussionN

The primary finding of this study was no corre-
lation between CHIT1 polymorphism and COS

evaluated at 3, 5 or 10 years. Previously it was shown
that CTO values correlate with COS at 5 years (24,
25). In particular, patients in groups COS 1 and 2
(no disease) had lower values compared to others.
The extrapolation of the data from this study means
that there was no clustering of specific genotypes in
specific COS groups. CHIT1 polymorphism is one
of the reasons for variability of CTO values in these
studies but since the distribution is even in different
COS groups it should not affect the final correla-
tion. Reduced CTO activity as seen in wt/H subjects
thus does not appear to have effect on sarcoidosis
course. The hypothesis that CTO could have a role
in process of fibrogenesis in sarcoidosis (32) was de-
rived from observation of high CTO activity in pa-
tients with nonalcoholic fatty liver disease who de-
veloped hepatic fibrosis in contrast to those who did
not (33). Moreover, increased levels of CTO were
also seen in fibrotic lung diseases (34) and in BAL of
patients with idiopathic pulmonary fibrosis (35).
This is further supported by a study performed by
Lee at al (36) who observed higher levels of CTO in
patients with severe systemic sclerosis (SSc) associ-
ated interstitial lung disease. Additionally, it was
demonstrated in a murine model that CTO has a
role in bleomycin and IL-13 induced pulmonary fi-
brosis (36). Specifically, CHIT1 knockout mice had
attenuated fibrotic response as compared to wild
type mice and CHIT1 hyper-producing mice had
exaggerated response. In this model CTO func-
tioned as a co-factor for TGF-f1 which is thought
to be central in fibrogenesis in SSc (37). A potential
explanation why protective role of CTO was not ob-
served in this study is that CTO levels in wt/H sub-
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jects are still high enough to take full effect. More-
over, this study was not designed to quantify the ex-
tent of fibrosis.

A possible exception to this is a group of H/H
subjects who lack CTO in blood or other tissues. In
this group increased frequency of patients with Loe-
fgren’s syndrome and better outcome was observed.
Loefgren’s syndrome is known to have different ge-
netic background, being strongly linked with certain
HLA alleles (5, 6). Additionally, there is data that
CTO and ACE levels are lower in this group of pa-
tients as compared to other phenotypes (24, 38),
which suggests lesser macrophage activation. A total
absence of CTO could attenuate the exaggerated
granulomatous response to yet undefined antigens in
sarcoidosis. One of candidate antigens are fungal
particles (39-41), which could in susceptible subjects
trigger excessive immune response, including CTO
secretion. This hypothesis is attractive because CTO
is a chitinolytic enzyme and chitin is abundant in
fungal cell wall. Nevertheless, conclusions should be
drawn carefully as the group of H/H subjects con-
sisted of only 10 patiens (only 6% of patients are ho-
mozygous for 24-base pair duplication polymor-
phism). Larger pool of patients is required to con-
firm this finding. Moreover, other clinical pheno-
types were also observed in H/H patients, including
1 patient with chronic-fibrotising course of the dis-
ease.

The minor part of this study was to observe the
development of COS through observational period.
The patients had statistically significant higher COS
at 3 as compared to 5 or 10 years of follow-up (in
this respective order). This is consistent with origi-
nal report by Baughmann et al (31).

In conclusion, in this study it was shown that
wt/wt and wt/H subjects have the same clinical out-
come status of sarcoidosis. A possible protective role
of homozygous condition for CHIT1 24-base pair
duplication polymorphism is suggested but addi-
tional data will be required for definite conclusions.

REFERENCES

1. Rossman MD, Thompson B, Frederick M, et al; ACCESS Group.
HLA-DRB1*1101: a significant risk factor for sarcoidosis in blacks
and whites. Am ] Hum Genet 2003; 73: 720-35.

2. Iannuzzi MC, Maliarik MJ, Poisson LM, Rybicki BA. Sarcoidosis

v

~

oo

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

susceptibility and resistance HLA-DQB1 alleles in African Ameri-
cans. Am ] Respir Crit Care Med 2003; 167: 1225-31.

Voorter CE, Amicosante M, Berretta F, Groeneveld L, Drent M,
van den Berg-Loonen EM. HLA class II amino acid epitopes as sus-
ceptibility markers of sarcoidosis. Tissue Antigens 2007; 70: 18-27.
Sato H, Woodhead FA, Ahmad T, et al. Sarcoidosis HLA class II
genotyping distinguishes differences of clinical phenotype across eth-
nic groups. Hum Mol Genet 2010; 19: 4100-11.

. Spagnolo P, Luppi F, Cerri S, Richeldi L. Genetic testing in diffuse

parenchymal lung disease. Orphanet J Rare Dis 2012; 7: 79.

. Grunewald J. HLA associations and Lofgren’s syndrome. Expert Rev

Clin Immunol 2012; 8: 55-62.

Grunewald J, Brynedal B, Darlington P, et al. Different HLA-
DRB1 allele distributions in distinct clinical subgroups of sarcoidosis
patients. Respir Res 2010; 11: 25.

. Medica I, Kastrin A, Maver A, Peterlin B. Role of genetic polymor-

phisms in ACE and TNF-alpha gene in sarcoidosis: a meta-analysis.
J Hum Genet 2007; 52: 836-47.

. Xie HJ, Wu M, Niu Y, Shen B, Huo Y, Cheng Y. Associations be-

tween tumor necrosis factor alpha gene polymorphism and sarcoido-
sis: a meta-analysis. Mol Biol Rep 2014 Jul; 41: 4475-80.
Murakézy G, Gaede K1, Zissel G, Schlaak M, Miiller-Quernheim J.
Analysis of gene polymorphisms in interleukin-10 and transforming
growth factor-beta 1 in sarcoidosis. Sarcoidosis Vasc Diffuse Lung
Dis 2001; 18: 165-9.

Vasakova M, Sterclova M, Kolesar L, Slavcev A, Skibova J, Striz 1.
Cytokine gene polymorphisms in sarcoidosis. Sarcoidosis Vasc Dif-
fuse Lung Dis 2010; 27: 70-5.

Pabst S, Friinken T, Schénau J, el at. Transforming growth factor-
{beta} gene polymorphisms in different phenotypes of sarcoidosis.
Eur Respir J 2011; 38: 169-75.

Salobir B, Medica I, Tercelj M, Kastrin A, Sabovic M, Peterlin B.
Association of angiotensin-converting enzyme/DD genotype with
sarcoidosis susceptibility in Slovenian patients. Med Sci Monit 2007;
13: CR538-42.

. Song GG, Kim JH, Lee YH. Associations between the angiotensin-

converting enzyme insertion/deletion polymorphism and susceptibil-
ity to sarcoidosis: A meta-analysis. ] Renin Angiotensin Aldosterone
Syst 2013; doi: 10.1177/1470320313489059.

Grunewald J. Review: role of genetics in susceptibility and outcome
of sarcoidosis. Semin Respir Crit Care Med 2010 Aug; 31(4): 380-9.
Gordon-Thomson C, Kumari A, Tomkins L, et al. Chitotriosidase
and gene therapy for fungal infections. Cell Mol Life Sci 2009; 66:
1116-25.

van Eijk M, van Roomen CP, Renkema GH, et al. Characterization
of human phagocyte-derived chitotriosidase, a component of innate
immunity. Int Immunol 2005; 17: 1505-12.

Vandevenne M, Campisi V, Freichels A, et al. Comparative func-
tional analysis of the human macrophage chitotriosidase. Protein Sci
2011; 20: 1451-63.

Di Rosa M, Musumeci M, Scuto A, Musumeci S, Malaguarnera L.
Effect of interferon-gamma, interleukin-10, lipopolysaccharide and
tumor necrosis factor-alpha on chitotriosidase synthesis in human
macrophages. Clin Chem Lab Med 2005; 43: 499-502.

Hashimoto S, Suzuki T, Dong HY, Nagai S, Yamazaki N, Mat-
sushima K. Serial analysis of gene expression in human monocyte-de-
rived dendritic cells. Blood 1999; 94: 845-52.

Malaguarnera L. Chitotriosidase: the yin and yang. Cell Mol Life Sci
2006; 63: 3018-29.

Kanneganti M, Kamba A, Mizoguchi E. Role of chitotriosidase
(chitinase 1) under normal and disease conditions. ] Epithel Biol
Pharmacol 2012; 5: 1-9.

Grosso S, Margollicci MA, Bargagli E, et al. Serum levels of chi-
totriosidase as a marker of disease activity and clinical stage in sar-

coidosis. Scand J Clin Lab Invest 2004; 64:57-62.



CHIT1 polymorphism and COS in sarcoidosis

199

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Harlander M, Salobir B, Zupancic M, Dolensek M, Bavcar Vodovnik
T, Tercelj M. Serial chitotriosidase measurements in sarcoidosis—two
to five year follow-up study. Respir Med 2014; 108: 775-82.

Bargagli E, Bennett D, Maggiorelli C, et al. Human chitotriosidase:
a sensitive biomarker of sarcoidosis. ] Clin Immunol 2013; 264-70.
Boot RG, Renkema GH, Verhoek M, et al. The human chitotriosi-
dase gene. Nature of inherited enzyme deficiency. ] Biol Chem 1998;
273: 25680-5.

Rodrigues MR, Sa Miranda MC, Amaral O. Allelic frequency de-
termination of the 24-bp chitotriosidase duplication in the Por-
tuguese population by real-time PCR. Blood Cells Mol Dis 2004; 33:
362-364.

Malaguarnera L. Chitotriosidase: the yin and yang. Cell Mol Life Sci
2006; 63: 3018-29.

Maver A, Medica I, Salobir B, Tercelj-Zorman M, Peterlin B. The
role of chitotriosidase duplication gene polymorphism in the suscep-
tibility to sarcoidosis. Zdrav Vestn 2010; 79: 837-42.
ATS/ERS/WASOG Committee. Statement on Sarcoidosis. Sar-
coidosis Vasc Diffuse Lung Dis 1999; 16:149-173.

Baughman RP, Nagai S, Balter M, et al. Defining the clinical out-
come status (COS) in sarcoidosis: results of WASOG Task Force.
Sarcoidosis Vasc Diffuse Lung Dis 2011; 28: 56-64.

Bargagli E, Maggiorelli C, Rottoli P. Human chitotriosidase. a po-
tential new marker of sarcoidosis severity. Respiration 2008; 76: 234-
8.

Malaguarnera L, Rosa MD, Zambito AM, del’lOmbra N, Marco
RD, Malaguarnera M. Potential role of chitotriosidase gene in non-

34.

35.

36.

37.

38.

39.

40.

41.

alcoholic fatty liver disease evolution. Am J Gastroenterol 2006; 101:
2060-9.

Tercelj M, Salobir B, Simcic S, Wraber B, Zupancic M, Rylander R.
Chitotriosidase activity in sarcoidosis and some other pulmonary dis-
eases. Scand J Clin Lab Invest 2009; 69: 575-8.

Bargagli E, Margollicci M, Luddi A, et al. Chitotriosidase activity in
patients with interstitial lung diseases. Respir Med 2007; 101: 2176-
81.

Lee CG, Herzog EL, Ahangari F, et al. Chitinase 1 is a biomarker
for and therapeutic target in scleroderma-associated interstitial lung
disease that augments TGF-1 signaling. ] Immunol 2012; 189:
2635-44.

Thn H. Autocrine TGF-beta signaling in the pathogenesis of sys-
temic sclerosis. ] Dermatol Sci 2008; 49: 103-13.

Alia P, Mani ], Capdevila O, Alvarez A, Navarro MA. Association
between ACE gene I/D polymorphism and clinical presentation and
prognosis of sarcoidosis. Scand J Clin Lab Invest 2005; 65: 691-7.
Tercelj M, Stopinsek S, Than A, et al. In vitro and in vivo reactivity
to fungal cell wall agents in sarcoidosis. Clin Exp Immunol 2011;
166: 87-93.

Stopinsek S, Than A, Wraber B, et al. Fungal cell wall agents suppress
the innate inflammatory cytokine responses of human peripheral
blood mononuclear cells challenged with lipopolysaccharide in vitro.
Int Immunopharmacol 2011; 11: 939-47.

Tercelj M, Salobir B, Harlander M, Rylander R. Fungal exposure in
homes of patients with sarcoidosis - an environmental exposure

study. Environ Health 2011; 10:8.



