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Summary

Background: This study investigated the relationship
between serum thyroid hormones and interleukin-1p (IL-
1B) levels and postmortem tissue deiodinase activity in crit-
ically ill patients.

Methods: Serum thyroid hormones and IL-1B were meas-
ured on the 5th, 15th and last day of 80 critically ill
patients. Forty of these patients were non-survived, and
liver and skeletal muscle were harvested to analyze type 1,
2, and 3 iodothyronine deiodinases (D1, D2, and D3) activ-
ity.

Results: Serum thyroid stimulating hormone (TSH),
tetraiodothyronine (T4), and triiodothyronine (T3) were
decreased, and reverse triiodoth while serum TSH, T4, and
T3 levels decreased or remained unchanged, and rT3 and
IL-1B increase yronine (rT3) and IL-1B were increased in
non-survivors. From day 5 to the last day, serum TSH, T4,
and T3 levels increased, and rT3 and IL-1B levels
decreased with time in survivors, while serum TSH, T4, and
T3 levels decreased or remained unchanged, and rT3 and
IL-1B increased in non-survivors. On the last day, liver D1
activity was negatively correlated with serum rT3 and IL-18,
while liver and skeletal muscle D3 activities were positively
correlated.

Conclusion: Serum thyroid hormones and IL-1B are corre-
lated with postmortem deiodinase activity in critically ill
patients.
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Kratak sadrzaj

Uvod: Cilj ovog istraZivanja je bio da se ispita odnos izmedu
nivoa serumskih hormona stitne zlezde i interleukina-13
(IL-1B) i aktivnosti dejodinaze postmortem tkiva kod pacije-
nata u kriti¢cnom stanju.

Metode: Nivoi serumskih hormona $titne Zlezde i IL-1B su
mereni petog, petnaestog i poslednjeg dana kod 80 paci-
jenata u kriti¢nom stanju. Cetrdeset od ovih pacijenata nije
prezivelo, a jetra i skeletni misi¢i su uzeti za analizu
aktivnosti jodotironin dejodinaza tipa 1, 2 i 3 (D1, D2 i
D3).

Rezultati: Nivoi serumskog hormona koji stimulide $titnu
Zlezdu (TSH), tetrajodotironina (T4) i trijodotironina (T3) su
bili smanjeni, dok su reverzni trijodotironin (rT3) i IL-1f bili
povecani kod pacijenata koji nisu preziveli. Od petog do
poslednjeg dana, nivoi serumskog TSH, T4 i T3 su se
povecavali, a nivoi rT3 i IL-1B su se vremenom smanjivali
kod prezivelih, dok su nivoi seruma TSH, T4 i T3 opadali ili
ostajali nepromenjeni. S druge strane, rT3 i IL-1B su se
povecavali kod onih koji nisu preziveli. Poslednjeg dana,
aktivnost jetrenog D1 je bila u negativnoj korelaciji sa
serumskim rT3 i IL-1B, dok su aktivnosti D3 jetre i skeletnih
misica bile u pozitivnoj korelaciji.

Zaklju¢ak: Nivoi serumskih hormona $titne Zlezde i IL-1P
su povezani sa aktivno$éu dejodinaze postmortem tkiva kod
pacijenata u kriticnom stanju.

Kljuéne reéi: kriti¢na bolest, prognosti¢ki markeri, hor-
mon Stitne Zlezde, IL-1B, dejodinaza
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Introduction

Critical illness causes hormonal changes that
differ between acute and long-term illnesses (1). In
acute critical illness, serum catecholamines, growth
hormone, and cortisol levels are elevated, insulin
resistance is reduced, and low triiodothyronine (T3)
syndrome is observed (2). In long-term critical illness,
catecholamine and cortisol levels are reduced, and
thyroid stimulating hormone (TSH) and thyroid hor-
mone levels are reduced compared to acute cases.
Although no evidence has indicated the harm of
acute changes, it is unclear whether endocrine
changes in long-term critical illness are all beneficial,
as studies have shown that some changes may lead to
clinical deterioration (3).

High-dose growth hormone, glucocorticoid, or
thyroid hormone have no or even negative effects on
clinical outcomes of critically ill patients (4-7). Inter-
vening with the hypothalamic releasing factor may be
possible to restore pulsating secretion of pituitary hor-
mones and normalize peripheral hormone levels (8).

A decrease in serum T3 concentration in critical
illness and an increase in serum reverse trilodothyro-
nine (rT3) are associated with the severity of the dis-
ease (9). Type 1, 2, and 3 iodothyronine deiodinases
(D1-3) mediate peripheral thyroid hormone metabo-
lism. Specifically, D1 mediates the formation of serum
T3 from tetraiodothyronine (T4) and metabolite rT3
breakdown D2 converts T4 to T3 through outer ring
deiodination and is important for local T3 production,
while D3 catalyzes the inactivation of T4 and T3, gen-
erating rT3 and 3,3’-T2 (10, 11). D1, D2, or both
reduce the deiodination of peripheral T4, significantly
reducing circulating T3 levels (12, 13). D1 is the main
pathway of rT3 clearance, and this mechanism may
explain the increase in serum rT3 levels (14). In addi-
tion to D1 activity reduction, impairment in transport-
ing T4 and rT3 to D"1-containing tissues may be anoth-
er mechanism of thyroid hormone disorders (15).
However, the possibility that increased D3 activity leads
to decreased serum T3 levels and elevated rT3 levels
should also be considered (16).

Critical illness has been shown to be associated
with disturbed metabolic and inflammatory responses
(17). Interleukin-1B8 (IL-1B) is a pro-inflammatory
cytokine that is higher in non-survivors than in critical-
ly surviving patients (18). Other studies have shown
that IL-1B can cause damage or apoptosis of thyroid
follicular cells and promote the onset of autoimmune
thyroiditis (19-21). IL-1B is involved in autoimmune
thyroiditis by inducing intercellular adhesion mole-
cule-1 on thyroid follicular cells and interfering with
the integrity of thyroid epithelium (22, 23). More
importantly, postoperative serum IL-1B levels in criti-
cally ill patients after major abdominal surgery are
associated with mortality (24). In addition, it has been
shown that IL-1B inhibits thyroid hormone receptor-
B1 gene expression (25), which inhibits hepatic D1

expression (26). Therefore, we chose IL-1B as the
focus of our study to investigate its relationship with
prognosis and deiodinase activity in critically ill
patients.

In short, the study observed serum thyroid hor-
mones and IL-1B in critically ill patients and analyzed
the correlation between deiodinase activity with
serum thyroid hormones and IL-1p.

Materials and Methods
Patients

Eighty patients who were hospitalized for more
than 5 days in an intensive care unit (ICU) were
included in this analysis. Among them, there were 39
patients with cardiac surgery, 17 patients with com-
plex surgery (defined as patients with complications
after abdominopelvic surgery, lung or esophageal sur-
gery, or vascular surgery), 9 patients with organ trans-
plantation, 7 patients with trauma, burn, or prosthetic
surgery, and 8 patients with other surgeries. Blood
samples were taken on the 5th 15t “and last day
after admission to ICU. Forty patients did not survive,
and liver and skeletal muscle (rectus abdominis) were
obtained within minutes of death.

Serum analysis

Treatment of ICU patients often includes sys-
temic or local infusions of heparin to prevent vascular
coagulation, which largely affects the determination
of serum-free thyroid hormones (27). Heparin can
lead to falsely elevated free thyroid hormone results.
Specifically, heparin can activate lipoprotein esterase
in vitro to release free fatty acids, which can displace
bound thyroid hormone from thyroxine-binding glob-
ulin, resulting in falsely elevated free thyroid hormone
levels (27-29). Therefore, the determination of
serum-free T4 and T3 was avoided. Vitros ECi
Immunodiagnostic System (Ortho-Clinical Diagno-
stics) tested serum total T4, total T3, and TSH. rT3
was measured by radioimmunoassay (30). IL-1B
detected serum IL-1B levels in an enzyme-linked
immunosorbent assay kit (R&D Systems, USA).
Normal TSH, T4, T3, and rT3 values in 80 healthy
subjects were measured.

Peripheral blood mononuclear cells (PBMCs)

Whole blood (2 mL) was equally diluted with
phosphate-buffered saline (PBS) and transferred into
a centrifuge tube containing 3 mL Ficoll Paque (G.E.
Healthcare). PBMCs were collected after centrifuga-
tion at 400X g for 20 min, rinsed twice in 10 mL PBS,
and re-suspended in a lysis buffer for protein extrac-
tion.
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Immunoblotting

PBMCs and loading buffer (Yeasen, Shanghai,
China) were heated at 99 °C for 10 min. Protein was
loaded onto the sodium dodecyl sulfate-polyacry-
lamide gel and then imprinted onto the polyvinylidene
fluoride membrane. The membrane was incubated
overnight with either IL-1B (1:1000, R&D Systems) or
glyceraldehyde-3-phosphate dehydrogenase (GAPDH,;
1:1000, Abcam) primary antibody at 4 °C and then
with a secondary antibody. GAPDH was used as a
loading control. The protein signaling was developed
via Enhanced Chemiluminescence (Solarbio). Re-
lative protein level was analyzed using QuantityOne
v4.6 (Bio-Rad) and normalized to GAPDH.

Deiodinase activity

Homogenates were produced with human liver
and skeletal muscle samples homogenized in PE
buffers (0.1 mol/L phosphate, 2 mol/L ethylenedi-
amine tetraacetic acid, pH 7.2) using Polytron
(Kinematica AG, Lucerne, Switzerland), frozen, and
stored at -80 °C. D1 activity in liver tissues was meas-
ured by incubating 10 pg protein with 0.1 pmol/L (37,
5’-125]) rT3 (100,000 cpm) in 0.1 mL PED10 buffer
(PE + 10 mmol/L dithiothreitol (DTT)) for 30 min. D2
activity in skeletal muscles was determined by incubat-
ing 200 ug protein with 1 mmol/L (3, 5’-1251) T4
(100,000 cpm) in 0.1 mL PED25 buffer (PE+25
mmol/L DTT) for 1 h. To prevent the labeled T4 sub-
strate from being deiodized by the D3 inner ring, incu-
bation was performed in 0.1 umol/L unlabeled T3.
When 0.1 umol/L unlabeled T4 is present or absent, it
is sufficient to saturate D2. D2 activity is equal to the
deiodination of unlabeled T4 minus the deiodination
of excess unlabeled T4. The procedure for further
determination of 12| yield is the same as the D1 deter-
mination above. D3 was detected by incubating 100
ug liver protein or 200 g skeletal muscle protein with
1 mmol/L (3'-12l) T3 (200,000 cpm) in 0.1 mL
PED50 buffer (PE + 50 mmol/L DTT) for 1 h (31).

Statistical analysis

G*Power software (ver. 3.1.9.7; Heinrich-
Heine-Universitdt Dusseldorf, Dusseldorf, Germany)

Table | Baseline characteristics of patients.

was used for efficacy analyses and sample size calcu-
lation (32). SPSS 22.0 was utilized for data analysis.
Categorical variables were compared using Fisher’s
exact test and presented as frequencies. Continuous
variables except age and body mass index (BMI) were
analyzed using non-parametric tests. Continuous vari-
ables were expressed as mean = standard deviation
or median (interquartile distance (IQR)). Differences
between continuous variables were analyzed by t-test
or Mann-Whitney U test, with the Spearman correla-
tion coefficient used for correlation analysis. Serum
thyroid hormone and IL-1B levels in critically ill
patients on the last day of the ICU were used as inde-
pendent variables. Logistic regression analysis was
performed to obtain the predictive probability values,
and then the predictive value of serum thyroid hor-
mone and IL-1B levels in patient death was evaluated
by receiver operating characteristic (ROC) curve
analysis. P < 0.05 indicated a statistical difference.

Results
Baseline characteristics

No significant differences were observed in age,
sex, BMI, and APACHE Il score on the 5th day of the
ICU between patients who survived and those who
died, and patients who died had longer ICU stays
(Table I).

Serum thyroid hormones and IL-1f differ
between survivors and non-survivors

Table Il shows serum thyroid hormones and IL-
1B in surviving and non-survivors. Compared with the
survivors, the serum TSH, T4, and T3 were
decreased, and the serum rT3 and IL-1B were
increased in non-survivors. Moreover, from the sth
day to the last day, TSH, T4, and T3 increased with
time, and rT3 and IL-1p decreased in survivors, while
TSH, T4, and T3 decreased or remained unchanged,
and rT3 and IL-1B increased in non-survivors. [L-1p
protein expression was increased in PBMCs of non-

survivors on the last day compared with survivors
(Figure 1A, B).

Parameters Survivor Non-Survivor P

Age (yr) 61.2+15.6 61.7+15.2 0.885
Sex (male/female) 25/15 26/14 0.816
BMI (kg/m?) 25.5+5.7 25.8+4.5 0.795
ICU stay (d) 16 (10-28) 11 (7-20) 0.003
APACHE I score on the fifth day of the ICU 11 (7-15) 12 (8-15) 0.702

Note: The Acute Physiology and Chronic Health Evaluation Il (APACHE Il) score reflects the severity of illness, with higher values indicating

more severe illness.
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Figure 1A-B Western blot detection of IL-1B protein expression in peripheral blood mononuclear cells of critically ill patients on
the last day of the ICU IL-18/GAPDH ratio, the relative expression level of IL-1B protein was normalized to GAPDH.
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Figure 2A-B Predictive value of serum thyroid hormones and IL-1 on death in patients on the last day of the ICU.
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Figure 3A-B Correlation between liver D1 and serum thyroid hormones and IL-1B on the last day of the ICU.
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Table Il Serum thyroid hormones and IL-1p levels in survivors and non-survivors.

Parameters Day Survivor Non-Survivor P
TSH (uWU/mL) 5 1.21[0.48-2.26] 0.43[0.12-1.34] <0.001
15 1.46[0.68-2.45] 0.85[0.26-2.39] 0.046
Last day 1.48[0.76-2.32] 0.45[0.05-0.96] <0.001
T4 (ng/dL) 5 5.65[4.08-7.21] 3.36[2.47-5.28] <0.001
15 6.71[4.91-8.23] 3.90[2.88-6.93] <0.001
Last day 7.50[6.11-8.79] 3.39[2.01-5.45] <0.001
T3 (ng/dL) 5 74.1[59.2-92.3] 53.8[42.1-70.6] <0.001
15 87.1[66.3-107.8] 60.9[50.5-77.1] <0.001
Last day 94.2 [78.0-109.6] 54.4142.1-70.0] <0.001
rT3 (ng/dL) 5 41.0[28.0-65.7] 59.2[35.1-87.5] <0.001
15 37.5[25.9-63.4] 63.7[31.9-101.3] <0.001
Last day 33.6[23.3-54.5] 91.0[40.3-135.1] <0.001
IL-1 (pg/ml) 5 6.35[4.56-8.07] 9.18[7.30-11.3] 0.001
15 5.12[4.05-6.74] 10.6 [8.14-12.5] <0.001
Last day 4.07 [3.23-5.48] 12.3[10.5-13.6] <0.001

Spearman r = 0.400 Spearman r = 0.415
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Figure 4A-B Association of liver and skeletal muscle D3 with serum thyroid hormones and IL-1B on the last day of the ICU.
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Table Il Correlation between tissue deiodinase activity and serum thyroid hormone and IL-1 on the last day of the ICU.

Liver D1 Liver D3 Muscle D3
Spearman r P Spearman r P Spearman r P
TSH (uU/mL) 0.212 0.128 -0.235 0.116 -0.257 0.094
T4 (ug/dL) 0.179 0.231 -0.176 0.243 -0.032 0.817
T3 (ng/dL) 0.144 0.332 -0.271 0.075 -0.154 0.309
rT3 (ng/dL) -0.740 <0.001 0.400 0.011 0.415 0.008
IL-1 (pg/mlL) -0.707 <0.001 0.381 0.015 0.397 0.011

Predictive value of serum thyroid hormones and
IL-1B on the last day of the ICU on patient death

Serum thyroid hormones and IL-1p levels of crit-
ically ill patients on the last day of the ICU were used
as independent variables, and logistic regression
analysis was performed to obtain the predictive prob-
ability values, and then the predictive value for the
patients” deaths was evaluated by using ROC curve
analysis. The results showed that serum rT3 and IL-
1B had high predictive value (Figure 2A, B).

Correlation of liver D1 with serum thyroid hor-
mones and IL-1B on the last day of the ICU

Spearman’s correlation coefficient was used for
correlation analysis. Postmortem liver D1 activity was
negatively correlated with serum rT3 and IL-1B on the
last day of ICU (Figure 3A, B) but had no correlation
with serum TSH, T4, or T3 levels (Table ).

Association of liver and skeletal muscle D3 with
serum thyroid hormone and IL-1f3 on the last day
of the ICU

Postmortem D3 activities were positively associ-
ated with serum rT3 and IL-1f levels on the last day
of ICU (Figure 4A-D) but not with serum TSH, T4, or
T3 levels (Table ).

Discussion

Patients suffering from critical illnesses who
require treatment in the ICU uniformly present with
alterations in circulating thyroid hormone levels that
are referred to by several names such as »nonthy-
roidal illness syndrome,« »sick euthyroid syndrome,«
or »low T3 syndrome« (33, 34). Decreased serum T3
and elevated rT3 are correlated with disease severity
(9), and serum T4 is inversely correlated with mortal-
ity (35). This trial found that from day 5 to the last day
of ICU, serum TSH, T4, and T3 increased and rT3
levels decreased with time in survivors, while serum
TSH, T4, and T3 levels decreased or unchanged, and

serum rl3 levels increased in non-survivors. Serum
rT3 on the last day indicated a correlation with post-
mortem deiodinase activity.

Patients with significant changes in serum thy-
roid hormones have higher mortality (36, 37). This
study found significant TSH, T4, and T3 differences
between survivors and non-survivors. TSH, T4, and
T3 were elevated in survivingh patients but not non-
surviving patients. From the 5™ day to the last day, T4
and T3 continued to increase, and no further TSH
was observed after the 15™ day, indicating that T4
and T3 both increased with the initial increase of
TSH. This is consistent with previous research show-
ing elevated serum TSH leads to elevated T4, mark-
ing the beginning of disease recovery (38, 39).
Throughout the ICU period, serum rT3 levels of non-
survivors continued to rise. This may be due to the
short half-life of rT3 (40, 41), which is a sensitive
marker for acute changes in tissue decay-mediated
thyroid hormone metabolism during death.

It is estimated that D1 in the liver and kidneys
contributes 15-80% of peripheral T3, and D2-con-
taining tissues contribute to the remaining extra-thy-
roid T3. D1 plays the greatest role in patients with
hyperthyroidism, while D2 plays a significant role in
patients with hypothyroidism. The decrease in D
activity will lead to the decrease of T3 production by
T4 and the decrease of rT3 clearance (10). Another
possible mechanism for lowering and increasing
serum T3 levels is that D71-expressing tissues have
lower uptake of T4 and rT3 (14, 15). This study
found that liver D1 activity was negatively correlated
with serum rT3 levels.

Under normal conditions, D3 is only present in
the liver of the developing fetus and protects the fetus
from overexposure to thyroid hormone, indicating
that pathological conditions in adulthood may be
related to deiodinase changes, especially D3 (42,
43). D3 is expressed in human skeletal muscle (44).
D3 may reduce skeletal muscle local thyroid hormone
levels by converting T4 to rT3 and T3 to 3,3'-T2. D3
expression in hemangiomas may lead to low T4 and
T3 and high rT3 levels (16). This study found that
liver D3 activity positively correlated with serum rT3.
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Notably, we were unable to detect any D2 in
skeletal muscle samples from these patients, whereas
D2 activity was present in skeletal muscle from normal
subjects (45). Elevated serum rT3 concentration may
lead to D2 inactivation in critically ill patients (46). D2
in skeletal muscle promotes the production of serum
T3, especially in cases of hypothyroidism (47).
Therefore, skeletal muscle D2 inactivation may also
lead to decreased T3 levels in critically ill patients.

Critical illness is related to metabolic and inflam-
matory disorders (48). Postoperative serum IL-1p lev-
els are associated with mortality in critically ill patients
after major abdominal surgery (49). In addition, it has
been shown that IL-1B inhibits thyroid hormone
receptor-31 gene expression (50), which inhibits
hepatic D1 expression (51). Therefore, we tested
serum IL-1B levels in critically ill patients and showed
that serum IL-1B levels were elevated in non-survivors
compared with the survivors. From day 5 to the last
day of ICU, serum IL-1B of survivors decreased with
time, while it increased in non-survivors. In addition,
IL-1B protein in PMBCs on the last day of non-sur-
vivors was increased compared with that of survivors.
High levels of IL-1P are associated with abnormal thy-
roid function (52). The relationship between deiodi-
nase activity and serum IL-1B was further analyzed.
The results showed that liver D1 activity was negative-
ly correlated with serum IL-1, while liver and skeletal
muscle D3 activity was positively correlated with
serum IL-1PB.

However, this study has some limitations. First,
this study only explored the effect of one inflammato-
ry factor, IL-1B, on the prognosis of critically ill
patients, and more inflammatory factors need to be
included in the study. Second, the present study did
not delve into the potential mechanisms by which IL-
1B affects deiodinase activity, and it is hoped that this
can be further explored in the future.

Conclusion

This study is the first to explore the relationship
between serum thyroid hormones and IL-13 and tis-
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