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High serum YKL-40 level in a cohort of octogenarians is associated
with increased risk of all-cause mortality
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Introduction

Summary

YKL-40 is secreted by macrophages, neutrophils, chondrocytes, endothelial-,
vascular smooth muscle- and cancer cells. Interleukin (IL)-6 stimulates
YKL-40 production in human in vivo studies. High serum YKL-40 is associ-
ated with poor prognosis in patients with inflammatory diseases and cancer.
We studied whether serum YKL-40 was associated with systemic low-level
inflammation, an immune risk phenotype, and mortality in relatively healthy
80-year old humans. Serum YKL-40, IL-6 and tumour necrosis factor (TNF)-o
were measured by enzyme-linked immunosorbent assays (ELISAs) in octoge-
narians (n =151) and serum YKL-40 in 18-30-year-olds (n = 89). Fifty-one of
the octogenarians died during the 6-year follow-up. Serum YKL-40 in octo-
genarians was higher compared to the level in young people (median 116
versus 31 pug/l, P < 0-0005). Serum YKL-40 correlated with serum IL-6 in
elderly women (Spearman’s rho=0-30, P=0-009) and men (rho=0-25,
P =0:003), but only with serum TNF-a (rho = 0-23, P = 0-05) and C-reactive
protein (CRP) (rho =057, P < 0-0005) among the elderly women. In addi-
tion, high serum level of YKL-40 was associated with a low CD4 : CD8 cell
ratio. Univariate analysis of serum YKL-40 (logarithmically transformed and
divided by tertiles) showed significant association with all-cause mortality
[tertile 3: hazard ratio (HR) = 2-38, 95% confidence interval (CI): 1-19—-4-78,
P =0-02]. The effect persisted after adjusting for potential confounders (sex,
smoking, body mass index, chronic disease and anti-inflammatory medicine).
These results suggest that serum YKL-40 is a prognostic and sensitive bio-
marker of all-cause mortality in octogenarians.
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YKL-40 is expressed and secreted in vitro by cancer cells
([11], NCBI), arthritic chondrocytes [8] and vascular

Ageing is associated with low-grade elevations in circulating
levels of the cytokines tumour necrosis factor (TNF)-o. and
interleukin (IL)-6 and in the acute phase protein C-reactive
protein (CRP). The elevations in these inflammatory bio-
markers are related to functional disability, cognitive decline,
morbidity and mortality in the elderly [1-7].

YKL-40, a member of ‘mammalian chitinase-like proteins’
is a phylogenetically highly conserved serum protein with
homologues in vertebrates and invertebrates ([8—10] and
Databases at the National Center for Biotechnology Infor-
mation; NCBI) [YKL-40 is also named chitinase-3-like-1
protein (CHI3L1), human cartilage glycoprotein-39 (HC
gp-39), 38-kDa heparin binding glycoprotein (Gp38k),
breast regressing protein 39 Kd (brp-39) and Chondrex].

smooth muscle cells [12] and is expressed strongly by late
stages of macrophages [9,13], by activated monocytes [14]
and released from the specific granules of activated neutro-
phils [15]. In vivo YKL-40 is expressed by a subpopulation of
macrophages in tissues with inflammation such as athero-
sclerotic plaques [16], arteritic vessels [17], inflamed
synovial membranes [18], sarcoid lesions [19] and by peri-
tumoral macrophages [20].

High serum concentration of YKL-40 is an independent
prognostic biomarker of short survival in patients with
primary or metastatic solid tumours such as breast, colorec-
tal, ovary, lung, prostate, renal, melanoma and glioblastoma
[11] and in patients with Streptococcus pneumoniae bacter-
aemia [21] and alcoholic liver disease [22].
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YKL-40 can be regarded as an acute phase protein, as its
serum concentration increases in patients by more than 25%
following an inflammatory stimulus such as S. pneumoniae
[21], active rheumatoid arthritis [23] and inflammatory
bowel disease [24]. Human endotoxaemia, which is followed
by increased plasma TNF-o and IL-6 levels, increases plasma
YKL-40 [25]. IL-6 is the major regulator of acute phase
protein synthesis during the acute-phase response [6,26]. We
have demonstrated recently in IL-6 knock-out (KO) and IL-6
wild-type (WT) mice that YKL-40 is regulated by IL-6
(unpublished data).

We hypothesized that serum YKL-40 levels were correlated
with markers of systemic low-grade inflammation such as
IL-6, TNF-o and CRP and would be a risk factor of mortality
in elderly people, and aimed to assess whether serum YKL-
40 is a prognostic biomarker of all-cause mortality in
octogenarians. In addition, it was tested if serum YKL-40 was
associated with some of the markers in the immune risk
phenotype, which has also been associated with mortality
risk in elderly populations [27].

Materials and methods

Subjects

The present study included a subgroup of 151 relatively
healthy people from the 1914 population [28], who partici-
pated both in a home visit, a health examination at Research
Centre for Prevention and Health, Copenhagen County,
Denmark and collection of blood samples at Rigshospitalet
in 1995, when they were 80 years old. Most participants lived
in their own homes, and none were demented. Polymyalgia
rheumatica and giant cell arteritis were exclusion diagnoses.
A questionnaire was used in 1995 to isolate octogenarians
with comorbidity and intakes of anti-inflammatory
medicine [acetylsalicylic acid (ASA), corticosteroids and
non-steroidal  anti-inflammatory ~ drugs  (NSAIDs)]
(Table 1). Body mass index (BMI) was calculated as weight
divided by height squared. Vital status and time of death
were obtained from the Civil Registration System in October
2001 6 years after the survey of the octogenarians. The local
ethical committee approved the study. Written informed
consent was obtained from each participant. Results of
serum IL-6 and TNF-a from the study group have been
published previously [3]. Participants in the elderly popula-
tion are more healthy than non-participants. Accordingly,
the study population comprises relatively healthy, non-
disabled elderly people [3]. Blood samples from 89 young,
healthy volunteers aged 18-30 years (45 men and 44 women)
were collected and stored in the same time-period and
served as reference material for serum YKL-40.

Biomarker analysis

Serum samples for TNF-o. and IL-6 measurements were
obtained in 1995 at Glostrup Hospital and stored at —20°C

Serum YKL-40 in 80-year old people

Table 1. Serum concentrations of YKL-40 in octogenarians according
to demographic characteristics and comorbidity.

Characteristics Number  Serum YKL-40 ug/l ~ P-value
Gender
Men 75 131 (68-194) 0-02
‘Women 76 105 (72-138)
Smoking status
Non-smokers 119 113 (67-158) 0-5
Current 32 119 (82-183)
Body mass index
Men 75 R=10-01 09
Women 76 R=10-02 0-9
Chronic diseases
> 1 diagnosis 134 116 (68-170) 0-7
No chronic disorders 17 118 (76-155)
Type 2 diabetes
Yes 16 179 (83-237) 0-09
No 135 113 (67-155)
Cardiovascular disease
Yes 51 120 (74-194) 0-4
No 100 113 (67-161)
Stroke/TCI
Yes 7 103 (62-203) 0-05
No 144 116 (69-161)
Hypertension
Yes 40 100 (64-146) 0-7
No 111 118 (71-168)
Cancer
Yes 18 100 (66-153) 0-5
No 133 117 (71-169)
Chronic obstructive pulmonary disease
Yes 18 105 (53-132) 10
No 133 116 (72-170)
Thyroid disorder
Yes 5 112 (77-133) 0-7
No 146 116 (68-168)
Connective tissue disorders
Yes 59 112 (79-158) 09
No 92 118 (62-169)
Gastrointestinal disorders
Yes 29 118 (72-178) 0-4
No 122 116 (68-163)
Urogenitial disorders
Yes 22 125 (59-225) 0-1
No 129 116 (70-158)
Anti-inflammatory medicine
Yes 40 118 (89-163) 10
No 111 113 (63-168)

Values are median (interquartile range) and two-tailed ¢-test. Serum
YKL-40 is log transformed in the t-test. Never-smokers and previous
smokers are pooled as non-smokers. Information about comorbidity is
self reported in relation to a questionnaire and an interview. Disorders
concerning connective tissue include osteoporosis and osteoarthritis as
the major groups. Anti-inflammatory medicine: acetylsalicylic acid
(ASA) (> 100 mg), non-steroidal anti-inflammatory drugs (NSAIDs)
and corticosteroids.
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until analysis. Serum samples for YKL-40 and high sensitive
CRP measurements were obtained in 1995 at Rigshospitalet
and stored at —80°C until analysis. Serum concentrations of
YKL-40 were determined by a two-site, sandwich-type,
enzyme-linked immunosorbent assay (ELISA) (Quidel,
Santa Clara, CA, USA) [23]. The sensitivity of the ELISA was
10 pg/l. The intra- and interassay coefficients of variation
(CV) were < 7-2% and < 8:6%, respectively. Serum concen-
trations of IL-6 were measured by ELISA (high sensitive,
catalogue number HS600; R&D Systems, Minneapolis, MN,
USA). The sensitivity of the ELISA was 0-10 ng/l. The intra-
and interassay CV were 8-7% and 15-1%, respectively. Serum
concentrations of TNF-o. were measured by ELISA (cata-
logue number HSTA50; R&D Systems). The sensitivity of the
TNF-o. ELISA was 0-20 ng/l. The intra- and interassay CV
were 15:7% and 25%, respectively. High sensitive serum CRP
concentrations were measured by nephelometry. All analyses
were run within 8 weeks. ELISA kits with the same batch
number were used in order to limit interassay variation.
Samples were analysed without knowledge of age, clinical,
biochemical and survival data.

The measurements and data of proliferative responses,
natural killer cell activity and the lymphocyte phenotype
have previously been reported [29,30]. In brief, blood mono-
nuclear cells were isolated by density gradient centrifugation.
Cells were frozen in freezing medium and kept in liquid
nitrogen until thawed for analysis. Lymphocyte phenotype
was measured by flow cytometry, natural killer (NK) cell
cytotoxicity was determined by a crom release assay and
proliferative responses were measured by a thymidine incor-
poration assay.

Statistical analysis

Statistical analyses were performed by spss version 11-0 (SPSS
Inc., Copenhagen, Denmark). Independent groups were
compared by two-tailed t-tests or analyses of variance (con-
tinuous variables). Serum concentrations of inflammatory
and immune parameters showed normal distribution after
log transformations. The Spearman’s correlation test was
used to test for correlations. Survival curves were constructed
using the Kaplan—Meier method. Cox regression models were
used to explore effects of serum YKL-40 and other inflamma-
tory markers (TNF-a, IL-6 and CRP) in univariate analyses
and after adjustments of potential confounders (gender,
smoking, BMI, comorbidity and anti-inflammatory medi-
cine). All Cox regression models were stratified by sex. The
model fit was evaluated by —2 log likelihood. P-values (two-
sided) of < 0-05 were considered statistically significant.

Results

The median serum concentration of YKL-40 in the
octogenarians was 116 g/l [interquartile range (IQR):
69-166 pg/l, n=151] and significantly higher compared to

1800 r
1600 o
1400
21200 o
gl 1000 o
—
X 800
>-
£ 600 '
& 400 f .
200 é
ol —45
18-30 80

Years old

Fig. 1. Box plots of serum YKL-40 in 18-30-year-olds (1 = 89) and in
octogenarians (1 = 151). The box plots display the median,
interquartiles range, the 5th and 95th percentile and outliers.

the level in 18-30-year-olds (31 pg/l, IQR 23-43 ug/l, n = 89,
P < 0-0005) (Fig. 1). Seventy-seven (51%) of the octogenar-
ians had a serum YKL-40 level above the upper range
(113 ug/l) of the young.

Elderly men had a higher serum YKL-40 compared to
elderly women (Table 1), whereas no difference was found in
serum YKL-40 between young men and young women
(median P = 0-8). Cigarette smoking, BMI and intake of anti-
inflammatory drugs or comorbidity were not associated with
enhanced serum YKL-40 in the elderly population (Table 1).

Immune risk phenotype

Serum YKL-40 correlated with serum IL-6 in both elderly
women (Spearman’s rho=0-30, P=0-009, n=76) and
elderly men (rho =0-25, P=0-003, n=75), whereas it was
correlated with serum TNF-oo only among the elderly
women (women: rho=0-23, P=0-05 n=76; men:
rho=0-03, P=0-8, n=75). Similarly, serum YKL-40 and
CRP were correlated only in women (women: rho = 0-57,
P < 0-0005, n = 74; men: tho=0-03, P=0-8, n=73).

CD4 : CD8 ratio, CD28 CD8" lymphocyte count, prolif-
erative responses to different stimulators [phytohaemagglu-
tinin (PHA), pokeweed mitogen (PWM) and IL-2], NK cell
count and NK cell cytotoxicity are parts of an immune risk
phenotype, which constitutes a predictor of mortality in
elderly populations [27]. Information about these para-
meters was available in most subjects in the present study.
High serum YKL-40 was associated with a low CD4 : CD8
ratio, whereas there was no association with CD28 CD8*
lymphocyte count, proliferative responses, NK cell count or
NK cell cytotoxicity (Table 2).

Mortality risk

The octogenarians were followed-up in December 2003,
i.e. the follow-up period was 5-6 years. Over this period,
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Table 2. Serum YKL-40 and markers of the immune risk phenotype.

Serum YKL-40 in 80-year old people

Low YKL-40 Medium YKL-40 High YKL-40

CD4 : CD8 ratio 2:3 (1:5-3-4) 2-7 (1-8-3-5) 17 (1-3-2-3)*
n=>50 n=49 n=47

CD28CD8" (cells/ml blood) 135 (81-192) x 10° 115 (60-160) x 10° 154 (71-263) x 10°
n=43 n=43 n=41

PHA proliferation (cpm) 8392 (5161-11 078) 7764 (5811-9003) 7457 (5408-9542)
n=48 n=47 n=48

PWM proliferation (cpm) 1275 (884-2174) 1158 (651-1823) 1255 (764-2430)
n=47 n=47 n=47

IL-2 proliferation (cpm) 644 (307-890) 518 (320-960) 572 (392-860)
n=47 n=45 n=44

NK (cells/ml blood) 183 (104-317) x 10° 159 (96-284) x 10° 182 (97-281) x 10°
n=44 n=44 n=39

NK cytotoxicity (%) 10 (6-17) 15 (8-21) 12 (9-24)
n=46 n=>50 n=45

*Denotes P < 0-02 in a one-way analysis of variance. Turkey post-hoc test shows significant difference between medium YKL-40 and high YKL-40.
Natural killer (NK) cell cytotoxicity has the effector/target cell ratio 50 : 1. YKL-40 is divided by tertiles into low, medium and high. Median and quartiles

are shown. The immune risk phenotype constitutes a predictor of non-survival in longitudinal studies. PHA, phytohaemagglutinin; PWM, pokeweed

mitogen; IL-2, interleukin-2; cpm: counts per million.

all-cause mortality was registered. There were 51 (34%)
deaths. The median serum YKL-40 was higher in the octo-
genarians who died compared to those still living after
6 years (median 140 pg/l, IQR 80-211 pg/l versus 105 pg/l,
IQR 65-143 pg/l, P = 0-009). Figure 2 illustrates the overall
survival plots when the octogenarians were grouped by ter-
tiles of serum YKL-40.

Cox analysis of serum YKL-40 (divided into tertiles as
well as logarithmically transformed) showed significant
association with all-cause mortality in a univariate analysis
(Table 3). Similar results were found when serum YKL-40
was included as a continuous variable. Men had an
increased mortality risk compared with women, and men
had higher levels of serum YKL-40. Accordingly, all Cox
regression analyses were stratified by gender. This means
that different baseline hazard functions are assumed in men
and women. The effect of serum YKL-40 was very robust, as
it persisted after simultaneously adjustments for the effect
of gender, smoking, BMI, anti-inflammatory drugs and
comorbidity including hypertension, cardiovascular disease,
type 2 diabetes, chronic obstructive pulmonary disease,
cerebrovascular events, a history of cancer, thyroid disor-
ders, disorders in connective tissues, gastrointestinal disor-
ders and wurogenital disorders in this relatively small
population (Table 3).

Serum IL-6, but not serum CRP or TNF-0., was also asso-
ciated significantly with mortality in the present study popu-
lation (data not shown).

Discussion

In this population-based study of octogenarians we found
that a high serum concentration of YKL-40 was associated
with increased mortality. This was independent of comor-

bidity, cigarette smoking and BMI, but not of serum concen-
trations of IL-6. Men had higher serum levels of YKL-40, and
serum YKL-40 correlated with serum IL-6 in both 80-year-
old women and men, but with serum TNF-o and CRP only
in the elderly women. Serum YKL-40 was also associated
weakly with a low CD4:CD8 ratio but not with other
parameters of the immune risk phenotype associated with

increased mortality risk in elderly populations.
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Fig. 2. Kaplan—Meier survival estimates of death from serum YKL-40

in octogenarians. Patients were divided by tertiles of serum YKL-40.
Low serum YKL-40 (= 80 pg/l, n =50, 12 deaths), versus medium
serum YKL-40 (> 80 pg/l and = 140 pg/l, n =51, 14 deaths) versus

high serum YKL-40 (> 140 pg/l, n =50, 25 deaths).
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Table 3. Univariate and multivariate Cox regression analysis of serum YKL-40 and all-cause mortality in octogenarians.

Univariate analysis

Multivariate analysis

Variables HR 95% CI P-value HR 95% CI P-value
Serum YKL-40

Tertile 1

Tertile 2 1-22 0-57-1-19 0-6 1-05 0-46-2-38 09

Tertile 3 2:38 1-19-4-78 0-02 2:20 1-05—4-63 0-04
Log YKL-40 (continuous variable) 2:51 1-15-5-52 0-02 2:39 0-98-5-85 0-06

All models (including univariate) are stratified by gender. Multivariate models are adjusted for the effect of smoking, body mass index, anti-

inflammatory medicine and comorbidity (se Table 1). n=151; 51 deaths within the 6 years of follow-up. HR: hazard ratio.

IL-6 is a multi-functional cytokine with varied system
functions and plays an important role in inflammatory pro-
cesses, regulates the acute phase response, induces cell differ-
entiation, regulates haematopoiesis and bone metabolism
and is involved in the regulation of solid tumour growth in
both a paracrine and an autocrine manner [7,31,32].
Ongoing studies of IL-6 KO and IL-6 WT mice show that
YKL-40 is regulated by IL-6 with high YKL-40 mRNA
expression in blood, lung and adipose tissue following an
inflammatory stimulus. However, in contrast to CRP that is
produced by hepatocytes in response to high IL-6, no
YKL-40 expression was found in mouse livers in response to
IL-6 (unpublished data). Circulating YKL-40 may therefore
reflect other aspects of the inflammatory process than CRP.
The YKL-40 coding chitinase 3-like 1 (CHI3LI) gene bears a
number of polymorphic sites, some of which are potentially
functional [33,34]. A significant association is found
between schizophrenia and haplotypes within the promoter
region of CHI3LI [33], whereas there is no dif-
ference in haplotype frequencies between patients with sar-
coidosis and controls [34]. A-329 G/A polymorphisms
influence serum YKL-40 levels significantly in healthy sub-
jects but not in patients with sarcoidosis [34]. The YKL-40
gene [9] is located on the same arm of chromosome 1 (1q32)
as the IL-6 receptor gene (Iq21) and the CRP gene (1q21-
1q23). Multiple genes on chromosome 1 may influence
inflammatory biomarker levels and have a role in develop-
ment of cardiovascular disease [35].

The octogenarians had a higher serum YKL-40 compared
to the young, in accordance with previous studies of healthy
humans showing increasing serum YKL-40 with age [23,36].
The elevated serum YKL-40 (compared to healthy young
humans) in approximately 50% of the octogenarians may
reflect the chronic low-level inflammation in the elderly
humans [2,3,6,7,37] or an indirect indicator of a specific
underlying condition that increases mortality risk, such as
cardiovascular disease and cancer. Chronic inflammation is
involved in the pathophysiology of cardiovascular disease
and cancer [5,7,31]. A chronic age-related, progressive
stimulation of macrophages towards a proinflammatory
status has been postulated [38]. Activated macrophages from
many different tissues are probably a major source of the
circulating YKL-40 in octogenarians. Macrophages in

atherosclerotic plaques express YKL-40 mRNA, particularly
macrophages that have infiltrated deeper in the lesion, and
the highest YKL-40 expression is found in macrophages in
the early lesion of atherosclerosis [16]. YKL-40 is also
expressed by a subpopulation of macrophages in biopsies of
inflamed arthritic synovial membrane [18], giant cell arteri-
tis [17], pulmonary sarcoidosis [19] and peritumoral mac-
rophages in biopsies of small cell lung cancer [20]. In
patients with rheumatoid arthritis YKL-40 is expressed by
CD16" monocytes with a dim expression of CD14 [18]. This
CD14" CD16" proinflammatory phenotype can differentiate
from classic CD14*" monocytes by maturation in vitro and is
supposed to be a more mature version of monocytes with
properties of tissue macrophages and are a major source of
TNE [39].

Serum concentrations of YKL-40 have been found
recently to be elevated in patients with coronary artery
disease, and there was an association between serum YKL-40
and the extent of coronary artery disease defined by the
number of diseased vessels assessed by coronary angiogra-
phy [40]. The present study, with only a limited number of
participants with known cardiovascular disease, cannot be
conclusive. One hypothesis is that a high serum YKL-40 may
reflect ongoing atherosclerosis. YKL-40 protein expression is
found in human smooth muscle cells in atherosclerotic
plaques [12]. YKL-40 promotes vascular smooth muscle
cell attachment, spreading and migration, suggesting that
YKL-40 has a role in the process of atherosclerotic plaque
formation, where smooth muscle cells are induced to
migrate through the intima in response to exogenous signals
[12]. In vitro YKL-40 is synthesized by vascular smooth
muscle cells isolated from the thoracic aorta of pigs during
the time of transition from a proliferating monolayer culture
to a non-proliferating differentiated multi-layer culture [41].
YKL-40 secretion continues as the cells reorganize and form
multi-cellular nodules in which cells re-express markers of
differentiated vascular smooth muscle cells [41,42]. This in
vitro nodule forming process mimics some of the character-
istics of the in vivo changes that occur in smooth muscle cells
of the vascular wall following injury, where media smooth
muscle cells dedifferentiate, migrate and contribute to the
process of restenosis and neointima formation. YKL-40
also modulates vascular endothelial cell morphology by
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promoting the formation of branching tubules, indicating
that YKL-40 has a role in angiogenesis by stimulating the
migration and reorganization of vascular endothelial cells
[42]. In the future, large, prospective, epidemiological
studies should evaluate whether serum YKL-40 is an inde-
pendent predictor of future cardiovascular events, both in
patients with a history of coronary heart disease and in
apparently healthy subjects.

Studies have demonstrated that high serum YKL-40 in
patients with different types of solid cancer is an indepen-
dent biomarker of short survival [11]. The exact biological
functions of YKL-40 in cancer diseases are unknown.
YKL-40 may play a role in proliferation and differentiation
of the malignant cells, may protect the cells from undergoing
apoptosis, stimulate angiogenesis and could have an effect on
extracellular tissue remodelling, although in vivo proof of
this is yet to be obtained. In vitro studies of glioblastoma cell
lines showed that diverse types of stress resulted in YKL-40
mRNA and protein expression, suggesting an involvement of
YKL-40 as a cellular survival factor [43].

The molecular processes governing the induction of
YKL-40 and its precise functions are unknown. YKL-40 is a
growth factor for fibroblasts and chondrocytes [44-46], acts
synergistically with IGF-1 [45], is regulated by TNF-a. [46]
and requires sustained activation of nuclear factor (NF)-
kappaB [47]. YKL-40 initiates mitogen-activated protein
(MAP) kinase and PI-3K signalling cascades in fibroblasts
leading to the phosphorylation of both the extracellular
signal-regulated kinase (ERK)-1/2, MAP kinase and protein
kinase B (AKT)-mediated signalling cascades, which are
associated with the control of mitogenesis [46]. YKL-40
treatment of fibroblasts can counteract the inflammatory
response to TNF-a and IL-1 by phosphorylation of AKT,
thereby attenuating ASK1 mediated signalling pathways
[46]. This leads to decreased levels of the metalloproteinase
and IL-8 expression [46]. Cellular receptors mediating the
biological effects of YKL-40 are currently not known, but the
activation of cytoplasmic signal-transduction pathways sug-
gests that YKL-40 interacts with signalling components on
the cell membrane.

In conclusion, we have found that a high serum YKL-40 in
relatively healthy octogenarians is a prognostic biomarker of
all-cause mortality. This effect is probably related to effects of
IL-6. Prospective epidemiological studies should evaluate
whether serum YKL-40 is an independent predictor of future
cardiovascular events and development of cancer in
community-based population studies.
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