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Chapter 10

Abstract

Increasing evidence suggests that pro-inflammatory cytokines are at play in lowering peripheral
thyroid hormone levels during critical illness. Conversely, thyroid hormones have been suggested
to enhance production of inflammatory cytokines. In view of these considerations, we
hypothesized a mutual association between triiodothyronine and pro-inflammatory cytokines.
Therefore we evaluated the relation between both circulating and induced inflammatory markers
and serum thyroid function parameters in the Leiden 85-plus Study. We found that higher
circulating levels of inflammatory markers were associated with lower levels of free serum
triiodothyronine. In turn, higher serum free triiodothyronine levels were related to higher
production capacity of pro-inflammatory cytokines after stimulation with lipopolysaccharide. By
combining in vivo en ex vivo data we were able to demonstrate for the first time the existence of
a potential feedback mechanism between thyroid function and immune production capacity. We
conclude that maintenance of normal thyroid function might be important for a preserved immune

response in elderly human populations.
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Introduction

During critical illness, major changes in serum thyroid hormone metabolism without primary
involvement of the thyroid gland can occur '*. This altered thyroid metabolism, referred to as
non-thyroidal illness syndrome, is characterized by low serum levels of triiodothyronine and
thyroxine, without changes in thyrotropin levels. Although the pathogenesis of non-thyroidal
illness syndrome remains poorly understood, the reduction of peripheral thyroid levels is most

probably under the influence of pro-inflammatory cytokines, and interleukin-6 in particular *~.

Conversely, it has been suggested that thyroid hormones induce production of inflammatory
cytokines. Earlier studies have demonstrated higher circulating levels of pro-inflammatory
cytokines in patients with hyperthyroidism ®’. These elevated cytokine levels were independent
of autoimmune inflammation usually associated with thyroid disease. Moreover, treatment of

hyperthyroidism was associated with lowering of serum pro-inflammatory cytokine levels.®

In view of these considerations, we postulated a mutual association between triiodothyronine and
pro-inflammatory cytokines, in which serum free triiodothyronine has a stimulatory effect on the
pro-inflammatory cytokine production capacity, whilst pro-inflammatory cytokines in turn temper
this stimulatory effect of triiodothyronine by lowering peripheral thyroid hormone levels. To test
this hypothesis we first assessed the relation between various circulating inflammatory markers
and serum thyroid function parameters in the Leiden 85-plus Study, a prospective population
based study among the oldest old. Next, we assessed the relation between serum thyroid function
parameters and ex vivo cytokine production capacity. Physical illness was considered a potential
confounder in the relation between serum thyroid function parameters and cytokine production

capacity.

Materials and methods

The Leiden 85-plus Study

We obtained data from the prospective population-based Leiden 85-plus Study involving 85-year
old inhabitants of the city of Leiden, the Netherlands. A total of 599 subjects (397 women and
202 men) participated (with a response rate of 87%). No selection criteria had been imposed for
health status or demographic characteristics. A cytokine production capacity assay was performed
for 555 subjects. For the present study subjects using thyroid medication were excluded from
analyses (n = 21) as were participants with incomplete thyroid function parameters (n=22). For
further details on enrollment we refer to previous publications.”'® The Medical Ethical
Committee of the Leiden University Medical Centre approved the study and informed consent

was obtained from all subjects.
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Biochemical analyses

All serum measurements were performed with fully automated equipment. For thyrotropin (TSH),
free thyroxine (fT4) and free triiodothyronine (fT3), the Modular E170 was used and for C-
reactive protein (CRP), the Hitachi Modular or the Cobas Integra 800, both from Roche, Almere,
the Netherlands were applied. Coefficients of variation (CV) of these measurements were below 5
%. In our laboratory, the reference values for thyrotropin were 0.3-4.8 mIU/L; free thyroxine: 13-

23 pmol/L; and free triiodothyronine: 2.5-5.5 pmol/L.

The production capacity of cytokines (ng/mL) was assessed by measuring the cytokine
production capacity of whole blood samples upon ex vivo stimulation with lipopolysaccharide
(LPS) as described elsewhere.'' In short, cytokine production peak levels were assessed with an
ex vivo whole-blood assay. All venous blood samples were taken in the morning before 11.00
a.m to preclude circadian variation. The blood was collected in heparinized tubes and samples
were diluted two-fold with RPMI-1640 (Sigma, St. Louis, MO) and stored after addition of
10 pg/ml E. coli-derived LPS (Difco Laboratories, Detroit) at 37 °C and 5% CO, for 24 hours.
After centrifugation, the supernatants were stored at —80 °C until assayed using standard ELISA
techniques (Central Laboratory of the Blood Transfusion Service, Amsterdam, The Netherlands).
The CV for the cytokine assays, influenced also by dilutions for high stimulated values, were
below 6% for IL-1p and IL-10; below 8 % for TNF-a and IL-6; whereas IL-1 RA ranged up to 12
%.

Data on circulating interleukin-6 levels were not available for our study population. Therefore, we
used the IL-6 levels in unstimulated whole blood as a surrogate measure for circulating IL-6

levels."

Health status

We considered physical illness a potential confounder in the relation between serum thyroid
function parameters and cytokine production capacity. Indication of baseline health status was
obtained by assessing plasma levels of C-reactive protein, Activities of Daily Living scores,
Instrumental Activities of Daily Living scores and Mini Mental State Examination. Disability
scores in ADLs and in IADLs range from 9 points, indicating complete independence in all
activities, to 36 points indicating complete dependence in all activities. The MMSE scores range
from zero points, indicating very severe cognitive impairment, to 30 points indicating optimal

cognitive functioning.
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Statistical analyses

The association between serum inflammatory markers and thyroid function parameters was tested
using a linear regression model adjusted for sex. For the association between thyroid axis
parameters and cytokine production capacity we used a linear regression model adjusted for sex
only and additionally adjusted for ADLs, IADLs, MMSE and CRP to take into account potential
confounding by physical illness. Distributions of continuous variables were examined for
normality and logarithmically transformed, when appropriate (Thyrotropin, CRP, unstimulated
IL-6, and stimulated levels of IL-1p, IL-6, TNF-a, IL-1RA, and IL-10). The Statistical Package
for the Social Sciences (SPSS) program for Windows, version 16.0 was used for data analysis.
Sixteen subjects had serum thyroid parameters beyond three standard deviations from the

geometric mean and were considered outliers. All but two of the sixteen outliers were euthyroid.

Results
The baseline characteristics of the 496 participants in the study are presented in table 1. All study

participants were 85 years of age and 327 out of 496 participants (65.9%) were female.

Table 2 shows the association between various serum inflammatory markers and different thyroid
parameters. Neither CRP nor interleukin 6 were associated with serum thyrotropin or free
thyroxine levels. Higher levels of circulating C-reactive protein were significantly related to
lower serum levels of free triiodothyronine (p = 0.001). Likewise, higher levels of interleukin-6
were associated with lower levels of triiodothyronine (p = 0.020). We repeated the analyses after
excluding persons who on the basis of their CRP levels (higher than 10.0 mg/dL) may be
experiencing an acute infection (n=75). Although after exclusion of subjects with CRP levels
above 10 mg/dL the associations between free triitodothyronine levels and CRP and between free
triiodothyronine levels and IL6 lost statistical significance, the effect sizes remained roughly
similar, indicating that the observed associations are not completely driven by those with

exceptionally high hsCRP.

Next, we assessed the association between different thyroid function parameters and whole blood
LPS-stimulated cytokine production capacity. The outcomes are given in Table 3. Serum
thyrotropin levels and serum free thyroxine levels were not associated with cytokine production
capacity. However, higher levels of serum free triiodothyronine concentrations were consistently
associated with a higher production of pro-inflammatory cytokines (IL-1f, IL-6, TNF-a) after
whole blood stimulation with LPS. The relation between triiodothyronine levels and the pro-

inflammatory cytokines (IL-1p, IL-6, TNF-a) is also illustrated in figure 1.
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Table 1. Baseline characteristics of the study population.

Study Population
N =496

Demographics

Age (year) &5

Females (N, %) 327 (65.9 %)

MMSE (points) 26 (22 - 28)

ADLs (points) 10 (9 -15)

Instrumental ADLSs (points) 18 (12 - 26)
Serum parameters

Thyrotropin — mU/L 1.81 (1.20 —2.74)

Free thyroxine — pmol/L 14.3 (12.7-15.7)

Free triiodothyronine — pmol/L 3.41 (3.08 - 3.74)

C-reactive protein (mg/L) 4.0(1.0-8.0)

Unstimulated IL-6 (ng/L)* 11.0 (1.0-50.5)
LPS- induced cytokine production

IL-1P (ng/L) 3517 (2099 — 6502)

IL-6 (ng/L) 60750 (43406 - 84733)

TNF-a (ng/L) 10325 (7393 — 13418)

IL-1RA (ng/L) 37297 (28369 — 46016)

IL-10 (ng/L) 764 (490 - 1089)

ata are given as median value with interquartile range, unless stated otherwise.
* IL-6 levels in unstimulated whole blood were used as a surrogate measure for

circulating IL-6 levels. LPS: lipopolysaccharide.
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Table 2. Association between serum inflammatory markers and thyroid function parameters

Change per standard deviation increase

All subjects Restricted to CRP levels <10 (mg/dL)
Ln C-Reactive protein
In thyrotropin (mU/L) 0.02 (0.03) 0.04 (0.05)
p-value 0.57 0.32
Free thyroxine (pmol/L) 0.07 (0.10) -0.09 (0.13)
p-value 0.47 0.52
Free triiodothyronine (pmol/L) -0.07 (0.02) -0.05 (0.03)
p-value 0.001 0.09
Ln unstimulated IL-6
In thyrotropin (mU/L) 0.02 (0.03) 0.03 (0.04)
p-value 0.57 0.40
Free thyroxine (pmol/L) 0.05 (0.10) 0.01 (0.11)
p-value 0.59 0.92
Free triiodothyronine (pmol/L) -0.05 (0.02) -0.03 (0.02)
p-value 0.020 0.25

Data are given as mean change (with standard error of the mean) in serum thyroid parameter per standard
deviation increase in In C-Reactive protein and Ln unstimulated IL-6. Analyses were adjusted for sex. LPS:

lipopolysaccharide.

We considered physical illness as a potential confounder of the relation between triiodothyronine
levels and cytokine production capacity. Therefore we repeated the analyses after inclusion of
parameters of physical disability: activities of daily living score (ADLSs), instrumental activities of
daily living score (ADLs), Mini Mental State Examination (MMSE) and serum C-reactive protein
(CRP). As apparent from table 4, correction for these parameters did not substantially affect our
results. Also exclusion of subjects with hsCRP levels higher than 10.0 mg/L. (n=75) from the
analyses did not materially affect the observed associations between thyroid function parameters
and whole blood LPS-stimulated cytokine production (data not shown): lower free
triiodothyronine levels were associated with lower production capacity of pro-inflammatory
cytokines after stimulation with LPS (all p values <0.006). No relation was observed between

levels of serum thyrotropin and serum free thyroxine and cytokine production capacity.
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Table 3. Association between thyroid function parameters and whole blood LPS-stimulated cytokine

production

Change per standard deviation increase

LPS -stimulated cytokine In Thyrotropin Free Free triiodothyronine
levels (mU/L) thyroxine (pmol/L)
(pmol/L)

In IL-1P (ng/ml) -0.06 (0.06) 0.02 (0.05) 0.13 (0.04)
p-value 0.25 0.61 0.002

In IL-6 (ng/ml) -0.02 (0.04) 0.00 (0.03) 0.10 (0.03)
p-value 0.56 0.99 <0.001
In TNF-a (ng/ml) -0.02 (0.03) 0.01 (0.03) 0.09 (0.02)
p-value 0.45 0.63 <0.001
In IL1B RA (ng/ml) 0.01 (0.03) 0.02 (0.03) 0.02 (0.02)
p-value 0.96 0.36 0.39

In IL-10 (ng/ml) -0.03 (0.05) -0.03 (0.04) 0.07 (0.04)
p-value 0.47 0.49 0.052

Data are given as mean change (with standard error of the mean) in LPS stimulated cytokine level per

standard deviation increase in serum thyroid parameter.

lipopolysaccharide.
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Figure 1. Relation between tertiles of serum free triiodothyronine levels and pro-inflammatory cytokine

production capacity for A: Log II-1f; B: Log IL-6; C: Log TNF-a. Results were adjusted for sex.
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Table 4. Association between thyroid axis parameters and whole blood LPS-stimulated

Change per standard deviation increase

LPS -stimulated cytokine In Thyrotropin Free thyroxine Free triiodothyronine
levels (mU/L) (pmol/L) (pmol/L)

In IL-1P (ng/ml) -0.06 (0.05) 0.03 (0.05) 0.09 (0.04)
p-value 0.24 0.47 0.047

In IL-6 (ng/ml) -0.02 (0.03) 0.01 (0.03) 0.06 (0.03)
p-value 0.48 0.82 0.017

In TNF-a (ng/ml) -0.03 (0.03) 0.02 (0.03) 0.07 (0.03)
p-value 0.37 0.46 0.006

In IL1B RA (ng/ml) 0.00 (0.03) 0.02 (0.03) 0.01 (0.02)
p-value 0.99 0.35 0.58

In IL-10 (ng/ml) -0.03 (0.05) -0.02 (0.04) 0.03 (0.04)
p-value 0.51 0.60 0.41

cytokine production in subjects aged 85
Data are given as mean change (with standard error of the mean) in LPS stimulated cytokine level per
standard deviation increase in serum thyroid parameter. All analyses were adjusted for sex, ADLs,

instrumental ADLs, MMSE and log serum CRP levels. LPS: lipopolysaccharide.

Discussion

The purpose of this study was to investigate a mutual association between triiodothyronine and
pro-inflammatory cytokines. Here, we show that higher circulating levels of inflammatory
markers were associated with lower levels of free serum triiodothyronine. In turn, lower free
triiodothyronine levels were related to lower production capacity of pro-inflammatory cytokines
after stimulation with LPS. We did not observe such a relation for levels of serum thyrotropin and
serum free thyroxine. Our findings were independent of measures of physical and cognitive

impairment.

The observed association between higher unstimulated interleukin-6 levels and lower free serum
triiodothyronine in our study agrees with earlier reports which show an association between
increased inflammatory cytokines and low triiodothyronine syndrome ***. Moreover, other studies
have demonstrated higher circulating levels of pro-inflammatory cytokines in patients with
hyperthyroidism, suggesting a stimulatory effect of thyroid hormones on inflammatory cytokine

production ®. However, to our knowledge this is the first study to address a direct relation
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between serum thyroid hormone levels and inflammatory cytokine production capacity in blood

cells.

Our findings support the hypothesis of a mutual association between triiodothyronine and pro-
inflammatory cytokines. As depicted schematically in figure 2, in this proposed feedback system,
serum free triitodothyronine stimulates the pro-inflammatory cytokine production capacity, while
pro-inflammatory cytokines in turn blunt the stimulatory effect of triiodothyronine by lowering
peripheral thyroid hormone levels. Lowering of peripheral triiodothyronine levels under the
influence of cytokines possibly occurs through regulation of peripheral deiodinase activity,
although this putative mechanism has been disputed. The stimulatory effect of triiodothyronine on
the cytokine production capacity is likely mediated via nuclear receptors regulating genes
involved in the cell-mediated immune response. In humans high affinity nuclear thyroid hormone
receptors have been identified in mononuclear cells '*'*. Although these observations provide a
tentative explanation for the mutual association between thyroid hormones and cytokines, the
epidemiological nature of our study does not allow us to identify the exact underlying

mechanisms.

T4y
f13 /

Figure 2. Schematic
+ - representation of the
proposed mutual
association between
OO free triiodothyronine
and pro-inflammatory
< ) cytokines. DIO:

deiodinase.

Pro-inflammatory cytokines

Another possible limitation of our investigation is the advanced age of our study population. We
have however no reason to assume that our findings do not apply to younger age categories.
Moreover, the fact that the prevalence of thyroid disorders increases with age ", makes our
observations done in a population of the oldest old all the more clinically relevant. The age-

related increase in the prevalence of thyroid disorders might be involved in changes in immune
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function with age. Maintenance of normal thyroid function could therefore contribute to a

preserved immune response in elderly human populations.

Our study has several strong points, particularly the large size of the study population and the
variety of studied inflammatory markers, comprising both pro- as well as anti-inflammatory
markers. In addition, our study is unique in that we were able to combine both in vivo en ex vivo
information on our study population. Finally, the current study has been done in the general
population composed of healthy to moderately healthy subjects, in contrast to most previous
studies on the relation between thyroid hormones and immune response which have been done in

clinical settings.

In summary, by combining in vivo and ex vivo data we are the first to demonstrate a potential
feedback mechanism between thyroid function and immune production capacity. These
observations suggest that maintenance of normal thyroid function contributes to a preserved
immune response in elderly human populations. Therefore our findings could have important

implications in the care for a growing elderly population.
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