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Interleukin-6 plasma level increases with age in an Italian
elderly population (“The Treviso Longeva”—Trelong—study)
with a sex-specific contribution of rs1800795 polymorphism
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Abstract The transcription rate of interleukin-6 (IL-6)
can be reduced by the C-allele of a polymorphism
(rs1800795) located in the 5'-flanking region of the IL-6
gene (NM_000600), and IL-6 plasma levels increase
with age. We assembled an elderly Italian population
[“The Treviso Longeva (Trelong) study”, age range 70—
106 years, n = 668 subjects] and assessed rs1800795
genotype and plasma IL-6 concentrations. The
rs1800795 genotype was also assessed in an indepen-
dent Italian study (“Milan” study, age range 70-96, n=
245 subjects). To verify an age- or sex-specific effect
of rs1800795 genotype we compared people younger
(70-85) and older (85+) than 85 years of age. We
found a significant reduction in the frequency of
rs1800795 C/C genotype in 85+ men from the Trelong
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study, while in the Milan study this data did not reach
significance. However, considering the two studies
together, the frequency of the rs1800795 C/C genotype
was significantly lower in 85+ than in 70-85 males
(4.0% and 10.7%, respectively), while it remained
unchanged in females. As for IL-6 plasma levels, after
a multivariate analysis to control for confounders, a
correlation between age and plasma IL-6 concentra-
tions was revealed (P<0.0001). An increase in
circulating IL-6 levels in the entire 85+ group
compared to the 70-85 group (P<0.05, Tukey's test)
was also noticed. We suggest a sex-specific pattern for
genetic variability linked to inflammatory response and
longevity, consistent with the age-related increase in
IL-6.
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Introduction

Human longevity results from the complex interplay
between genetics and environment. Throughout life,
each of these factors contributes differently to lifespan
and any single trait might be beneficial at one stage of
life and detrimental in another. The genetic compo-
nent of longevity appears to account for around 20—
30% of lifespan, according to twin-based population
studies (Herskind et al. 1996; vB Hjelmborg et al.
2006). Genes involved in basic cell pathways (stress
response, DNA repair, microbial immunity and inflam-
mation, metabolism and calorie restriction) are good
candidates to modulate longevity. This aspect has been
clarified in model organisms like Caenorhabditis
elegans, Drosophila and the mouse under controlled
environmental conditions (Antebi 2007; Herndon et al.
2002; Kim 2007).

Inflammation plays a major role in aging as it affects
an individual’s capacity to counteract noxious events
such as pathogen infection and cancer. An acute
inflammatory response is beneficial for survival, but a
chronic inflammatory state accompanies (and contrib-
utes to) age-associated diseases such as neurodegener-
ative disorders, autoimmunity and cancer (Caruso et al.
2004; Van Bodegom et al. 2007). A reliable marker of
inflammation is interleukin-6 (IL-6), the circulating
level of which is increased in chronic diseases and
aging (Mastorakos and Ilias 2006; Jylhi et al. 2007). A
single nucleotide polymorphism (SNP), named
rs1800795 (consisting of a G — C transversion in
position —174 from the transcription start site) located
in the promoter region of the IL-6 gene (NM_000600)
reduces IL-6 production at the transcriptional level
(Fishman et al. 1998). The presence of the rs1800795
C-allele has been associated with a mild phenotype of
inflammation-triggering pathologies (Hefler et al.
2005, Sawczenko et al. 2005). The role of rs1800795
in longevity has been explored in the Italian population
with conflicting results (Bonafe et al. 2001; Capurso et
al. 2004; Christiansen et al. 2004; Hurme et al. 2005).
Increased IL-6 is generally considered a negative
modulator of longevity, as it correlates with disability
and mortality (Gruenewald et al. 2006; Jylhd et al.
2007).
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We decided to measure plasma IL-6 and its
modulation by rs1800795 in an elderly population
from North-eastern Italy.

Materials and methods
Population recruitment

A comprehensive description of the “The Treviso
Longeva” (Trelong) study has been reported else-
where (Gallucci et al. 2007b). Briefly, starting from a
list of about 14,000 Treviso inhabitants over 70 years
of age, a population sample was built up, balanced for
sex. The recruited sample size was of 668 indepen-
dent subjects (311 males and 357 females). These
enrolled participants were evaluated from the biolog-
ic, clinical and socio-economic point of view with a
blood sample collection and an extensive structured
interview. The study protocol, presenting the inclu-
sion criteria, collecting procedure and questionnaire to
be administered to all involved in the project, was
submitted to and approved by the ethical committee
of the National Institute on Research and Care of the
Elderly (INRCA, Italy). This protocol includes an
informed, written consent to be obtained from the
participant, or from a legally responsible relative in
case of mentally impaired subjects, for clinical and
genetic studies.

Another cohort of aged people from Northern Italy
composed of 245 subjects (119 males and 126 females,
age range 70-96) was considered for the genetic
analysis only (Milan study). No exclusion criteria other
than age was applied. Also for this genetic study, which
was approved by the local ethical committee, a written
informed consent was obtained from the subject or a
legally responsible relative.

Blood sampling and rs1800795 genotyping

Peripheral blood samples (30 mL) were collected by
venipuncture; one aliquot was used to separate
leukocytes, the other was mixed with sodium EDTA
and centrifuged at 2,000 rpm for 10 min at 4°C to
isolate the plasma fraction, which was divided into
aliquots and stored at —80°C until required. From the
enrolled population of 668 subjects, 590 gave their
consent to blood collection and 587 plasma samples
were successfully prepared.
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Genomic DNA was extracted from leukocytes
using a semi-automated nucleic acid extractor
(AB6100, Applera, New York, NY), checked for
quality using a UV-spectrophotometer (Eppendorf,
Germany) and stored at 4°C. To assess the rs1800795
genotype, a gDNA aliquot (about 50 ng) was
amplified by polymerase chain reaction (PCR) using
the following primers: for 5'- ttg tca aga cat gcc aag
tge t-3’, rev 5'- gcc tca gag aca tct cca gtc c-3'. The
resulting 190 bp PCR product was digested with 1 U
Nla TII (New England Biolabs, Hitchin, UK) and
loaded on a capillary electrophoresis unit with
standard reference markers for instrumental lining-up
(Agilent Technologies, Santa Clara, CA). From the
590 blood samples of the Trelong study, 553 were
successfully genotyped for rs1800795, while from the
available 245 blood samples of the Milan study, 236
were genotyped for rs1800795.

Plasma IL-6 assay

Plasma IL-6 was assayed by a specific sandwich-type
enzyme-linked immunosorbent assay (ELISA) (Ultra
Sensitive ELISA Kit, BioSource, Camarillo, CA),
according to the manufacturer’s instructions. The kit
sensitivity was 0.10 pg/mL and intra-assay reproduc-
ibility was between 5-10% (%CV) . Each plasma
sample was assessed at least in duplicate.

Statistical analysis

Frequency distributions were compared using “Good-
ness of fit” y’-test, and means were compared by one-
way analysis of variance (ANOVA) followed by
Tukey's or Dunnett's post-hoc test. The limit of
significance for genetic and biochemical analyses
was set at ®=0.05. All calculations were done using
StatView program ver. 5.0, except for the power
calculation, which was performed using G*Power 3.03
(http://www.psycho.uni-duesseldorf.de/aap/projects/

gpower/).
Results
Age and sex-related distribution of rs1800795

The demographic and basic clinical data of the
population recruited in the Trelong study are sum-

marised in Table 1. The sample was representative of
the general Treviso population composition, ranging
from 70 to 106 years of age. Males and females were
represented equally (male-to-female ratio 0.87). The
clinical data included smoking status (smoker/not
smoker), the disease count index (DCI) and the
Charlson comorbidity index (CCI) (Colinet et al.
2005).

The Trelong study also evaluated the class of
prescribed medications in the elderly. The most
frequent were cardiovascular drugs (36.9% of all
prescriptions), followed by gastrointestinal/metabolic
drugs (14.8%) and central nervous systems drugs
(11.5%), while other prescribed drugs were below
10% (hormones, antibiotics, hematopoietic and anti-
inflammatory drugs). We decided to perform our
analysis on the population sample divided by 5-year
intervals, or by comparing two groups: the 70-85
group and those 85+. This approach lead to a partition
of the sample into proportions of two-thirds (under

Table 1 Demographic and clinical data of the Trelong study.
BMI Body mass index, DCI disease count index, CCI Charlson
comorbidity index, SD standard deviation

Age bracket (n) No. of people (male:female)

70-74 (129) 61:68
75-79 (132) 72:60
8084 (126) 64:62
85-89 (73) 29:44
90-94 (168) 74:94
95-99 (34) 10:24
100+(6) 1:5
Total (668) 311:357
Quantitative parameters Mean+SD
Age (years) 84.0+8.0
Platelets (n x10°> mm ) 235.0+75.0
White cells (7 x10° mm ) 6.43+1.70
Total cholesterol (mg / dL)  214.0+44.0
LDL cholesterol (mg / dL) 136.0+£37.0
HDL cholesterol (mg / dL)  56.0+15.0
1gG (mg / dL) 1,125+412
BMI (Kg m ?) 24.844.1
Blood glucose (mg / dL) 105433
DCI 2.3+1.6
CCI1 5.842.0

Descriptive parameters

Smoking status Yes (278); no (390)
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85) and one-third (over 85). Males and females were
represented equally in the 70—85 group, while in the
85+ group the male-to-female ratio was 0.67.

The genotypic distribution of rs1800795 in the
entire population respected Hardy-Weinberg equilib-
rium (data not shown). We assessed the genotypic
distribution of rs1800795 in our sample in 5-year
groups. No significant difference came to light (data
not shown) and the same was true when comparing
the 70-85 and the 85+ groups (Table 2). However,
when we divided the sample according to sex, we
found a significant difference in genotypic distribu-
tion between 70-85 and 85+ males (P=0.006, y*-
test), while the female group did not show any
difference (Table 2). In the 85+ males, the homozy-
gous C/C genotype dropped from 10.8% to 2.0%, and
the heterozygous genotype increased from 39.2% to
50.0%. No difference was found for allelic frequen-
cies (Table 2). In order to independently confirm this
genetic data, we performed a study in another Italian
cohort (Milan study). The C/C genotypic frequency in
the 70-85 male group was 10.5%, while in the 85+
men it was 6.6%. For females, the C/C genotype
frequency was 11.6% in the 70-85 and 12.6% in the
85+ group (Table 2). Considering the Trelong and the
Milan study together, we found a significant reduction

in the C/C frequency in 85+ males compared to 70—
85 men (4.0% vs 10.7%) (Table 2). No difference
came to light for females in the aggregated analysis
(data not shown).

Plasma IL-6 concentration

We measured plasma IL-6 concentrations in our
sample and plotted the results (log transformed)
according to age only. A total of 534 samples were
above the lower sensitivity limit of the ELISA kit
(0.1 pg/mL). IL-6 concentration increased with age,
and simple linear regression showed a significant
positive correlation between age and IL-6 level (r =
0.148, P <0.001, sample size n =534) (Fig 1).

To control for confounders, we performed a
multivariate analysis including age, sex, body mass
index (BMI), smoking status, blood glucose, CCI
(Colinet et al. 2005) and rs1800795 as covariates, and
IL-6 plasma level (log transformed) as the dependent
variable (Lubrano et al. 2005) (Table 3). We con-
firmed the association with age (P <0.0001).

When we divided the population into 5-year
groups, an increase in plasma IL-6 mean level was
evident, but this was significant in comparison to 70—
75 people only in the extremely long-living subjects

Table 2 rs1800795 geno-

typic and allelic frequencies Age bracket (n) Genotype count (%) Allele count (%) P—value
according to age and sex. M
Men, F women G/G G/C c/C G/C C/C
Trelong study
70-85 (309) 159 (51.4) 125(40.5)  25(8.1) 443 (71.7) 175 (28.3)
M (158) 79 (50.0) 62 (39.2) 17 (10.8) 220 (69.6) 96 (30.4)
F (151) 80 (53.0) 63 (41.7) 8 (5.3) 223 (73.8) 79 (26.2)
85+ (244) 118 (48.4) 114 (46.7) 12 (4.9) 350 (71.7) 138 (28.3)
M (98) 47 (48.0) 49 (50.0) 2 (2.0)* 143 (73.0) 53 (27.0)  P=0.006*
F (146) 71 (48.7) 65 (44.5) 10 (6.8) 207 (70.9) 85 (29.1)
Milan study
70-85 (98) 51(52.0) 36 (36.7) 11 (11.3) 138 (70.4) 58 (29.6)
M (38) 19 (50.0) 15(39.5) 4 (10.5) 53 (69.7) 23 (30.3)
F (60) 32 (533) 21 (35.00 7(11.6) 85 (70.8) 35(29.2)
85+ (138) 68 (49.3) 56 (40.6) 14 (10.1) 192 (69.6) 84 (30.4)
M (77) 36 (46.7) 36 (46.7) 5 (6.6)* 108 (70.1) 46 (29.9)  P=0.2*
F (61) 32(52.4) 21(35.0) 8 (12.6) 85 (69.7) 37 (30.3)
Total (M)
70-85 (196) 98 (50.0) 77 (39.3)  21(10.7) 273 (69.6) 119 (30.4)
85+ (175) 83 (47.4) 85 (48.6)  7(4.0)* 251 (71.7) 99 (28.3)  P=0.04*

* vs M 70-85, x> -test

@ Springer



AGE (2009) 31:155-162

159

y= 0.008x-0.657
r=0148, p<0.001
*
o 0
‘ . . ‘ ‘ . i i
$ o
!‘ii' ‘!’l"":’!‘ “!tooo
1294 ‘0"0 **
. !‘ *0 0:00’ o*

Fig. 1 Age-related increase 25
in circulating 1L-6. Scatter-
plot showing log trans- 20
formed individual plasma :
IL-6 levels measured by —
enzyme-linked immunosor- 'é 15
bent assay (ELISA). The ~~
. . oo
superimposed /ine shows =
the linear interpolation, the e 1!
equation and statistical Q *
data of which are reported £ ¢
05
in the box.  Correlation - 0:;
coefficient 2 =
A
5]
R
05 $e
-10
70

(96-100; Table 4). The ultracentenarians had an even
higher plasma IL-6 level, but this did not reach
significance in comparison to the 70-85 group due to
small sample size (n=5).

To verify the sex effect on IL-6 level, we compared
IL-6 level by sex over the entire population and found
no difference (Table 4). The next step was to split our
sample at 85 years of age and assess the sex-specific
pattern (Table 5). The 70—85 group had less circulat-
ing IL-6 than the 85+ group (about 40% reduction),
and this difference was more evident in the female
group, where it reached significance (IL-6 mean +
SD: 1.43+2.00 and 2.06+2.43 pg/mL for women

Table 3 Multivariate linear model using log-transformed
plasma IL-6 levels as the dependent variable. Total sample
size: =534, R°=0.036

F P-value
Age 152 <0.0001
Sex 1.1 0.27
BMI 0.01 1.0
Smoking status 0.1 0.77
Blood glucose 1.9 0.16
CCI 1.1 0.28
rs1800795 genotype® 1.3 0.31

2 Calculated as C* vs C~

110

Age (years)

under and over 85, respectively). In 85+ males, an
increased but not significant IL-6 level change was
present in comparison to 70—85 men.

Relationship between IL-6 level and rs1800795
genotype

To verify a correlation between rs1800795 genotype
and IL-6 level, we stratified the entire sample by
rs1800795 genotype. A trend associating IL-6
concentration and rs1800795 genotype was evident,

Table 4 Age and sex-related IL-6 plasma concentrations

Age bracket Number of subjects IL-6 (mean+SD) (pg/mL)

70-75 100 1.33+1.90
76-80 116 1.39+1.47
81-85 93 1.68+2.03
86-90 64 1.69+1.82
91-95 128 1.95+2.04
96-100 28 2.68+3.60*
100+ 5 2.14+£2.23
Total 534

M 250 1.60+1.71
F 284 1.73+2.24

*P<0.01 vs 70-75, one-way ANOVA followed by Dunnett’s
post-hoc test
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Table 5 Sex effect on IL-6 concentrations in 85+ group

Age bracket (n) Plasma IL-6 (pg/mL) (mean+SD)

70-85(309) 1.45+1.79
M(161) 1.47+1.58
F(148) 1.4342.00
85+(225) 1.97+2.24%
M(89) 1.83+1.91
F(136) 2.0642.43%*

*P<0.05 vs 70-85; **P <0.02 vs 70-85 F, one-way ANOVA
followed by Tukey’s post-hoc test

although the differences did not reach statistical
significance (IL-6 mean=SE : G/G 1.70+0.13 pg/
mL, n=268 ; G/C 1.60+0.13 pg/mL, n=234 ; C/C
1.20+0.19 pg/mL, n=37 ; P>0.05, one-way ANOVA)
(Fig 2). We also tried to find a sex-specific effect on
IL-6 circulating level after stratification of the whole
sample by rs1800795 genotype and sex. No signifi-
cant difference was found either for females or males,
probably due to assay variability. In females, the C/C
group had the lowest IL-6 levels (female IL-6 mean+
SE: G/G: 1.70+0.17 pg/mL, n=147; G/C: 1.60+
0.20 pg/mL, n=127; C/C: 0.89+0.20 pg/mL, n=18).
For men, this genotype-specific decrease was less
evident (male IL-6 mean+SE: G/G: 1.70+0.19 pg/

20
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Fig. 2 Effect of rs1800795 genotype on IL-6 circulating level
in the Trelong population. Plasma IL-6 was measured by
ELISA as described in Materials and methods. Blue columns
Mean plasma IL-6 concentration, red standard error. The
observed trend did not reach statistical significance
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mL, n=121; G/C: 1.60+0.15 pg/mL, n=111; C/C:
1.50+0.3 pg/mL, n=19).

Discussion

Human longevity is a very complex trait, influenced
by genetic, sexual, behavioural and environmental
factors. We addressed the question of whether the
genetic variability due to rs1800795 polymorphism of
the IL-6 promoter modulates human longevity, corre-
lating these genetic data with IL-6 circulating levels.
IL-6 is considered a reliable marker of mortality and
disability, an aspect confirmed also by the Trelong
study (Gallucci et al. 2007a). We recruited a sex-
balanced and well-characterised group of people from
Treviso (Italy) aged from 70 to 106 years (Gallucci et
al. 2007b). The sample analysis was focussed on
extremely long-living individuals (over 85 years) in
comparison to normal living-subjects (between 70 and
85 years).

Genetic data on rs1800795 in the whole sample did
not indicate any significant difference in genotypic or
allelic frequencies according to age stratification.
However, in 85+ males from the Trelong study we
detected a very significant decrease in the C/C
genotype, in contrast to women. We failed to replicate
this data in an independent cohort (Milan study). The
Milan study, involving 115 males, had 76% power to
detect a difference in rs1800795 genotypic distribu-
tion between 70-85 and 85 + men with medium effect
size (w=0.32, calculated from the Trelong study as
expected data) so it was not heavily underpowered.
However, it is worth noting that also within the Milan
study the 85 + males had the lowest C/C frequency
(6.6%). In fact, the aggregated data analysis consid-
ering the Trelong and the Milan study together gave a
significant difference between C/C genotype in 70-85
and 85+ males, even if the robustness of this data was
weaker. This sex-specific effect of rs1800795 had
already been reported in male centenarians from
Central Italy, but in that case the C-allele was
increased. A sex effect was also reported for poly-
morphisms of the IL-10 gene and of other cytokines,
thus suggesting that men and women may have
genetic differences in genes involved in immunity
and inflammatory response (Giacconi et al. 2004;
Cederholm et al. 2007; Lio et al. 2002; Barbieri et al.
2004). Our failure in replicating the association
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between the C-allele and male longevity might
depend on the reduced number of centenarians in
the Trelong study (=6, only one man), but also from
regional variation. In fact, others did not find a
correlation between the rs1800795 C-allele and
longevity in a Sardinian population, thus suggesting
a possible genetic variation in Italy from north to
centre and south (Capurso et al. 2004; Pes et al.
2004). In females, we found no variation in C-allele
frequency with age, but we do not rule out that a
comparison with a younger population sample
(<70 years) might have been successful in finding
some difference.

The second part of our work investigated age- or sex-
related modulation of plasma IL-6 concentration and
correlation of the latter with rs1800795. We found a
positive linear relation between plasma IL-6 and age,
confirming that IL-6 increases through life, and in fact a
significant difference was present between the 70-85
and the 85+ groups. The correlation between IL-6 and
age was clearly confirmed also after controlling for
potential confounders (sex, BMI, smoking status, blood
glucose, CCI and rs1800795 genotype). Increased
plasma IL-6 was present in both men and women, but
reached significance only in females, probably due to
individual variation combined with the smaller male
sample size.

In verifying the correlation between IL-6 plasma
level and rs1800795 genotype, we observed a clear
trend associating the G/G genotype to a higher level
of IL-6, while the C/C carriers had the lowest IL-6
levels. This observation was independent of sex,
although C/C females had lower IL-6 than C/C males
(IL-6 mean+SE: 0.89+0.20 pg/mL, n=18 vs 1.50+
0.3 pg/mL, n=19 for females and males, respective-
ly), suggesting additional sex-specific mechanisms
regulating IL-6 production. In short, we found that, in
males, the age-related increase of IL-6 is explained, at
least in part, by a decrease in the number of
rs1800795 C/C carriers, and we did not associate the
C-allele to an extended lifespan. For females,
rs1800795 affects neither age-related IL-6 concentra-
tion nor longevity. The hypothesis that male longevity
is more influenced by genetics has been found in the
Trelong study for a IGF-1R polymorphism (D.A.,
personal observation) and is supported by other data
showing that female longevity, in contrast, is more
influenced by the environment (Franceschi et al.
2000a, 2000b).
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