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Mechanisms responsible for oxidative stress 
and cell damage 



Importance of selenium to human health 

•  The trace element selenium is an essential nutrient 
of fundamental importance to human biology  

•  Selenium enters the food chain through plants, 
which take it up from the soil 

•  Selenium is incorporated as selenocysteine (21st 
amino acid) into several selenoproteins, some of 
which have important  enzymatic activities 

•  Selenium functions as a redox center, but has 
additional important effects particularly in relation 
to the immune response and cancer prevention 



Mammalian selenoproteins and their functions 



Recommended Se intake 

•  UK Reference Nutrient Intake [maximal plasma 
GPx activity (serum selenium concentration of 95µg/L)] 
–  75 µg per day for men 
–  60 µg per day for women 
 

•  Office of Dietary Supplements, NIH 
–  55 µg adult men and women 



Mean concentrations of serum or plasma Se in Europe 

Clark et al., JAMA 1996 

Rayman et al. , Lancet  2000 
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Selenium and immune function 

•  Selenium deficiency is accompanied by loss of 
immunocompetence 

•  Impairment of humoral and cell-mediated immunity 
•  Selenium supplementation has immunostimulating 

effects (upregulated IL-2 receptor expression) 
•  Proliferation of activated T cells 
•  Increase of natural killer cell activity 

•  Immune cells have an important functional need for 
selenium 

•  Activated T cells show upregulated selenophosphatase 
activity and increased synthesis of selenocysteine 

•  mRNAs of several T cell-associated genes encode functional 
selenoproteins 



•  Macrophages and dendritic cells present 
antigens to T lymphocytes 

•  Recruitment and activation of inflammatory cells 
•  Activated macrophages secrete pro-

inflammatory enzymes, cytokines and 
chemochines which initiate and control the 
immune response 

•  Activated macrophages produce ROS 
•  Intracellular ROS represent a potential toxic 

insult which may led to cell death 
•  The antioxidant capacity of macrophages is very 

important for their survival 
•  In macrophages selenoproteins mitigate the 

cytotoxic effect of ROS 

Inflammatory/immune response 
Increased ROS is implicated in many immune/inflammatory pathologies 



Effect of Se supplementation on GPX1 
expression and activity 

Murine macrophage cell line RAV264.7(ATCC) 

GPX1 expression in liver mouse homogenates 

Vunta et al. Mol. Nutr. Food Res. 2008 



Effect of intraperitoneal LPS injection in mice 

Recruitment of macrophages to the lung 
Extracellular production of TNF-α 

by bone marrow derived 
macrophages 

LPS-induced expression of COX-2 in RAW264.7 macrophages 

Vunta et al. Mol. Nutr. Food Res. 2008 



Xue et al., Endocrine Journal, 2010 



Xue et al., Endocrine Journal, 2010 

•  CD4+CD25+ regulatory T lymphocytes (Treg cells) contribute to the maintenance of 
peripheral self-tolerance and the prevention of autoimmunity 

•  Foxp3+ is a transcriptional regulator is critical for the function of Treg cells 

Splenic mononuclear cells 



Summary of results of randomized trials on selenium supplementation in 
autoimmune thyroiditis (Changes in TPO-Ab) 

Eskes et al.,Clin Endocrinol 2013 



Gartner et al., JCEM 2002 

Seventy-one females with autoimmune thyroiditis and positive TPO Ab, 
receiving L-T4,  randomized to placebo or 200 µg selenium selenite 
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Thyroid US and follow up of thyroid 
function in HT 



Sixty-five patients with hypothyroid AIT treated with LT4 combined with 200 ug 
selenomethionine (Gr I) or LT4 alone (Gr II) for 6 months 
The study was carried out in a selenium-sufficient area 



Eighty-eight female with autoimmune thyroiditis and elevated TPOAb, treated with 
LT4,  were randomly treated with placebo or  200µg L-selenomethionine for 3 months. 
Subsequently the dose was either maintained or reduced to 100µg 



36 consecutive patients with HT receiving L-T4, randomly assigned to treatment with 
either placebo or sodium selenite (200µg daily) for 3 months. 

No effect of selenium supplementation on the pattern of cytokine 
production by CD4+ and CD8+ lymphocytes  



76 consecutive patients with HT and normal or slightly elevated TSH treated 
with either placebo or 80 µg sodium selenite daily for 1 yr 

Clin Endocrinol 2010 



Euthyroid women with TPO-Ab > 100 KU/l were 
randomized to receive 200 mcg sodium selenite daily or 
placebo for 6 months. 
 
Six months selenite supplementation increased markers 
of selenium status but had no effect on serum TPO-Ab, 
TSH or quality of life in euthyroid TPO-Ab-positive 
women 



What could be the reason of the discrepant results 

1.   Could it be the selenium level? 
Selenium levels were similar in all studies 

2.   Could it be the form of selenium used for the supplementation? 
A decrease of TPO-Ab was shown with selenomethionine as 
well as sodium selenite 

3.   Could it be the pre-existing TPO-Ab levels? 
Negative and positive results on TPO-Ab levels occurred 
independently on the pre-existing antibody titer 

4.   Could it be treatment with thyroxine? 
Most studies were in patients on thyroxine therapy. Negative 
and positive result were observed in both settings 

5.   Could it be iodine intake? 
Studies showing a decrease in TPO-Ab originate from 
Germany, Greece, Turkey and Italy (iodine deficient). Studies 
failing to show an effect were from Austria and the 
Netherlands (iodine sufficient) 



169 euthyroid TPOAb positive pregnant women randomized to 200 µg 
selenomethionine (S1) or placebo (S0) and 85 TPOAb negative controls (C) 

Negro et al., JCEM 2007 

Selenium reduces PPTD and the rate of 
hypothyroidism 
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•  Local supportive measures (lubrificans), patient reassurance and elimination of 
risk factors 

•  The  "wait-and-see policy"  is usually adopted in patients with mild GO, 
because the natural history of GO shows a tendency towards spontaneous 
improvement 

•  20% GO patients shows a spontaneous improvement of the eye disease, 65% 
has no changes, and 15% actually deteriorates  

•  Thus, only one-fifth of the patients may actually benefit from a "wait-and-see 
policy" 

•  Patients with mild GO suffer a significant decrease in quality of life when 
measured using either a general health related quality-of-life (QoL) 

questionnaire or a disease specific QoL (GO-QoL) questionnaire 

•  Thus, therapy would seem justified. Treatment should be affordable, well 
tolerated, and widely available 

Management of mild GO 



Free oxygen radicals and GO 

•  Superoxide radical production stimulates retroocular fibroblast 
proliferation in GO (Burch et al., Exp Eye Res 1997) 

•  Antithyroid drugs inhibit the oxygen free radical–induced expression of a 
72-HSP in Graves’retroocular fibroblats (Heufelder et al. JCEM 1992)  

•  Stress related oxygen free radicals are present in the retro-ocular tissue 
in GO and oxygen free radicals are involved in GAG accumulation 
induced by cytokine IL-1beta. (Lu et al. Thyroid 1999) 

•  Circulating selenoprotein P concentrations are decreased in patients with 
Graves’ disease and correlate inversely to severity of GO (Dehina et al., 
Acta Medica Portuguesa 2009) 

An intervention aimed at lowering free oxygen radical generation 
and improving the imbalance of the antioxidant/oxidant status 

could be of help in GO 

•  Increased generation of free oxygen radicals seems to play a 
pathogenic role in GO 



Aim of the study 

•  To investigate whether selenium compared with placebo 
given to patients with mild GO could: 
–  diminish the signs of GO  
–  improve the disease-specific Quality of Life (GO-QoL)  
–  prevent worsening of mild GO                                                                                                                                                                                                                                             

Six Eugogo centers participated in the study: 
•  Amsterdam 
•  Olten 
•  Mainz 
•  Pisa 
•  Tessaloniki 
•  Varese 



Study design 

•  Prospective, double-blind, multicenter, randomized clinical trial 
–  Sodium selenite: 100 µg b.i.d.  (total dose 200 µg; 91.3µg 

selenium*) 
–  Placebo: one tablet b.i.d.  

•  The intervention lasted for 6 months, followed by a follow-up 
period of another 6 months 

•  Total duration of the study: 12 months 
•  The study was approved by the Institutional Boards of 

participating centers 
•  Informed consent was obtained from all patients prior to 

enrolment 

•  The RDI of dietary selenium has been estimated at 55 or µg/d or 60-75 µg/d . 
•  A daily dose of approximately 90 µg selenium usualy saturates SePP and GPx-3 activity. 





Inclusion criteria 

•  Presence of at least one sign of GO, with a disease 
duration of less than 18 months (as recorded by the 
patient) 
–  Soft tissue swelling NO SPECS class ≤2B (e.g. moderate 

chemosis, moderate eye lid swelling) 
–  Proptosis of ≤ 22 mm 
–  No diplopia in primary or reading position, and/or ocular 

torticollis 
–  Mono-ocular duction in any direction ≥ 20 degrees 
–  No optic nerve involvement 

•  Euthyroidism:  a) after a course of ATD: b) at least 2 
months since starting ATD or after surgery; for at least 
6 months after 131-Iodine 

•  No previous treatment for GO, except for local 
measures (e.g., eye drops) 

•  Age 18-70 years 



Baseline demographic and thyroid data1 
Parameters  Placebo  Selenium   

  (n=50)  (n=54)    
 
Sex (F/M)  41/9  48/6   
Age (yr)  44.6±10.72  43.0±11.0  
Thyroid disease  

 (GD/HT/EGD)  43/3/4  51/1/1   
Previous thyroid treatment     

 (RI/Tx)  4/9  4/4   
Current thyroid treatment      

 (ATD/L-T4/none)  34/9/7  41/9/4   
Duration of ophthalmopathy (mo)  6.1±4.6  7.7±5.8   
TSH (mU/L)  1.3±1.4  1.3±16   
TRAb +ve (%)  31 (75.6)  35(74.5)  
TPOAb +ve (%)  27 (65.9)  31 (68.1)   
Current smokers (%)  25(50.0)  23 (42.6)    
 
1 P>0.05 for all comparisons 
2 Mean±SD 



Baseline eye evaluation1 
Parameters  Placebo  Selenium   

  (n=50)  (n=54)    

CAS (7 items)  3.2±1.32  3.5±1.3    

Proptosis (mm)  19.8 ±2.3  19.7 ±2.7   
Eyelid width (mm)  11.3 ±1.7  11.5 ±1.9   
Soft tissue involvement (%)      

 absent  5  5   
 mild  65  64    
 moderate  30  39   
 marked  0  0   

Diplopia (Gorman’ score) 
 absent  44  43    
 intermittent  3  6   
 inconstant  3  5    



Outcome measurements 

•  Primary outcome measurements (6 months):  
–  Subjective GO-QoL questionnaire filled in by the patient 
–  Assessment of the eye changes by a blinded 

ophthalmologist 
 

•  Secondary outcome measurements: 
–  Clinical Activity Score (7 items) 
–  Diplopia Gorman’s score 
–  Tolerability and safety 

Patients were evaluated at baseline, 3, 6 and 12 months 
Outcomes were determined at 6 and 12 months 
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Primary end points 

6 months 
Overall eye evaluation 

GO-QOL score 

12 months 
Overall eye evaluation 

GO-QOL score 

Improved No change Worsened 



  Baseline  6 months  p*  12 months  p* 
 
Placebo 

 Visual functioning  84.0±19.5  81.2±20.2  0.26  82.3±20.9   0.55 
 Appearance  79.5±18.1  76.7±21.3  0.13  77.9±21.8  0.53 

 
Selenium 

 Visual functioning  80.1±11.1  88.5±17.2  0.0007  90.8±14.3  <0.0001 
 Appearance  74.0±19.8  84.2±18.8  <0.0001  86.2±17.3  <0.0001 

 
 
 

*p vs baseline 

1 Healthy subjects should score 100 (no limitations) 

Means (SD) GO-QoL scores (% of maximun)1 

At 6-month evaluation the visual functioning score 
improved in 62% and the appearance score in 75% of GO 

patients given selenium  
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Adverse events and premature stops 

•  No drug-related adverse events occurred in patients 
treated with selenium or placebo 

•  Two patients assigned to placebo required 
immunosuppressive therapy for deterioration of GO 



Summary 

Primary outcomes 
•  Selenium administration, compared with placebo, was 

associated with statistically significant beneficial effects on 
GO and GO-QoL at 6 months, which persisted at 12 months  

Secondary outcomes 
•  CAS decreased in both groups but the decrease was 

significantly greater in the selenium group 
•  The Gorman’s score did not changed 
•  Selenium was well tolerated 



Limitations of the study 

•  No measurements of circulating levels of selenium  nor of 
markers of the inflammatory/oxidative state 

•  Patients included in the study come from mild selenium 
deficient areas 

•  No information on the mechanism accounting for the beneficial 
effect of selenium on GO (anti-oxidant/anti-inflammatory or 
immune modulatory ?) 



STUDY PROTOCOL 

•  Primary cultures of GO fibroblasts and fibroblasts from 
patients without GO (control fibroblasts) 

•  Treatment with H2O2 to induce oxidative stress 

•  Treatment with selenium methylcysteine, or, as a control, with 
methylcysteine  

•  Assessment of: 
–  Cell viability 
–  HA release 
–  Necrosis 
–  Apoptosis 



Effects of selenium on cell vitality 
(Alamar blue incorporation) 
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Effects of selenium on HA release 
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Effects of selenium on necrosis  
(LDH release) 
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Conclusions 

•  Selenium supplementation for 6 months improves the 
course of mild GO and related impairment of quality of life 

•  A 6-month course of selenium should be offered as initial 
treatment to patients with mild GO 






