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Abstract OBJECTIVES: Thyroid-stimulating hormone (TSH) acts in an extra-thyroidal 
fashion and induces a pro-inflammatory, pro-coagulant state. Blood monocytes 
can be activated by vascular stress, but it is not known if this occurs upon TSH 
administration. Our aim was to determine if recombinant human (rh) TSH, 
administered acutely to patients being screened for thyroid cancer recurrence, 
alters blood monocyte gene expression.
DESIGN AND SETTING: Patients (14 women, 1 man) had a mean (±SD) age of 
48±10 years, a body mass index of 26±6 kg/m2, a history of total thyroidectomy 
and radioablation for thyroid cancer, and were on L-thyroxine therapy at a uni-
versity teaching hospital. They received 2 intramuscular doses of rhTSH (0.9 mg), 
administered on days 1 and 2. Blood samples were obtained at baseline on day1, 
and on days 3 and 5. 
RESULTS: Monocyte MCP-1 mRNA (mean±SE) increased significantly by 1.7±0.3 
fold on day 5 following rhTSH stimulation (p=0.03, n=15). IL-1β and CD36 mRNA 
expression also increased on day 5 (1.9±0.4 fold, p=0.07, n=14) and 2.5±0.4 fold, 
p=0.1, n=10), respectively, although did not quite reach statistical significance. 
Significant correlations were detected between the BMI of patients and their 
TSH-stimulated monocyte mRNA responses at day 5 for CD11a, (r=0.66, n=14, 
p=0.01); CD14 (r=0.638, n=13, p=0.019), and CD16, r=0.84, n=13, p=0.0003).
CONCLUSION: TSH administration increases pro-atherogenic monocyte gene 
expression.

Abbreviations:
BMI - body mass index
CRP - C-reactive protein
FFA - free fatty acids
IL - interleukin
rh - recombinant human
RPMI - Roswell Park Memorial Institute
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INTRODUCTION
When recombinant human (rh)TSH is administered to 
patients previously treated for thyroid cancer (thyroid-
ectomy and radioablation) to screen for recurrence, a 
brief period of metabolic and vascular stress ensues. 
This is due to extra-thyroidal action of TSH (Sorisky 

& Gagnon 2014). Activation of platelets, elevations in 
levels of interleukin (IL)-6, C-reactive protein (CRP), 
oxidative stress, microparticles, and free fatty acids 
(FFA), as well as a decrease in endothelium-dependent 
relaxation, occur (Sorisky & Gagnon 2014; Desideri et 
al. 2009; Burger et al. 2015; Kim et al. 2013). However, 
it is not known if circulating monocytes, immune cells 
implicated in inflammation and atherosclerosis, are 
altered in this context. Our aim was to determine if 
rhTSH alters monocyte gene expression. 

MATERIAL AND METHODS
Patients (14 women, 1 man) with a mean (±SD) age of 
48±10 years and body mass index (BMI) of 26±6 kg/m2, 
who were disease-free following treatment by thyroid-
ectomy and radioablation (all papillary carcinoma), and 
on L-thyroxine therapy, were recruited (Ottawa Health 
Sciences Network Research Ethics Board, #2006558). 
They received 2 intramuscular doses of rhTSH (0.9 mg) 
on days 1 and 2 with ongoing L-thyroxine therapy. 
Blood was drawn on the mornings of days 1 (baseline; 
before rhTSH), 3, and 5. TSH and free thyroxine (ref-
erence ranges 0.3–5.6 mU/L and 7–17 pmol/L, respec-
tively) were measured by AutoIA (Abbot DxI) in The 
Ottawa Hospital. For monocyte isolation, blood was 
diluted with PBS (1:2, v:v) supplemented with 2 mmol/L 
EDTA and layered onto Ficoll-Hypaque (GE Health-
care). Upon density-gradient centrifugation (400 × g, 
30 min), peripheral blood mononuclear cells were iso-
lated, washed, and seeded at a density of 1×105 cells/cm2 
in Roswell Park Memorial Institute (RPMI) medium 
supplemented with antibiotics (100 U/ml penicillin 
and 0.1 mg/ml streptomycin, all from Life Technolo-
gies) for 1 h. Adherent monocytes were washed, and 
then lysed with Qiazol (Qiagen). RNA was isolated as 
per manufacturer’s instructions. Gene expression was 
determined by real-time PCR (LightCycler, Roche). 
Differences between means were assessed by Student’s 
t test. Linear regression and Pearson’s correlation were 
used to compare rhTSH responses where indicated. 
p<0.05 was considered significant.

RESULTS
At baseline, levels (mean±SD) of free thyroxine were 
18±5 pmol/L (n=15) and of TSH were 0.46±0.85 mU/L 
(n=14). Following rhTSH injection, TSH levels increased 
to 111±36 mU/L (day 3; n=8), and 12.3±5.5 mU/L 
(day 5, n=15). Due to the low number of samples on 
day 3, gene expression data for monocytes were com-
pared between days 1 and 5. Monocyte MCP-1 mRNA 
(mean±SE) increased significantly by 1.7±0.3 fold on 
day 5 following rhTSH stimulation (p=0.03, n=15) 
(Figure 1A). IL-1β and CD36 mRNA expression also 
increased on day 5 (1.9±0.4 fold, p=0.07, n=14) and 
2.5±0.4 fold, p=0.1, n=10), respectively , although did 
not quite reach statistical significance. Significant cor-
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Fig. 1. Monocyte mRNA expression in response to rhTSH. 
Thyroidectomized patients were administered rhTSH on day 
1 and day 2. Blood was drawn and monocytes were isolated 
at baseline, prior to rhTSH injection, and on day 5. RNA was 
extracted and quantified by real time PCR, using indicated 
primers. Levels were normalized to endogenous 18s rRNA, 
and expressed as a function of baseline levels. Results are 
the mean±SE of 10–15 separated patient samples. A. Gene 
expression for individual targets. * indicates p<0.05; § indicates 
p≤0.1, as assessed by Student’s t test. B. Pearson’s correlations 
between fold increase in mRNA expression(CD11a, CD14 and 
CD16) at day 5 and BMI.
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TSH and monocytes

relations were detected between the BMI of patients 
and their TSH-stimulated monocyte mRNA responses 
at day 5 for CD11a, (r=0.66, n=14, p=0.01); CD14 
(r=0.638, n=13, p=0.019), and CD16, r=0.84, n=13, 
p=0.0003) (Figure 1B).

DISCUSSION
It is not known how rhTSH induces these changes in 
gene expression which are indicative of inflamma-
tory and pro-atherogenic activation. Monocytes do 
not express TSH receptors, so they may be indirectly 
stimulated by cytokines released by non-thyroidal 
TSH-responsive cells, such as adipocytes. Consistent 
with this possibility of adipocyte involvement is that 
CD11a, CD14, and CD16 gene responses to rhTSH 
correlated positively with BMI, an indicator of adipose 
tissue accumulation. 

rhTSH stimulation leads to an acute, isolated rise in 
circulating TSH. A chronic, milder isolated rise in TSH 
occurs with subclinical hypothyroidism. These patients 
are at higher risk for cardiovascular disease, but the 
mechanism is unknown (Sorisky & Gagnon 2014). 
Elevations in FFA, pro-inflammatory cytokines, mic-
roparticles, and platelet activation have been reported 
(Sorisky & Gagnon 2014; Burger et al. 2015; Kim et 
al. 2013). In patients undergoing endarterectomy for 
carotid stenosis, plaques from those with subclinical 
hypothyroidism had more macrophages and inflamma-
tion vs euthyroid patients (Marfella et al. 2011). In a rat 
model of subclinical hypothyroidism, blood monocytes 
had high toll-like receptor 4 levels, a receptor linked 
to inflammation (Yang et al. 2014). Future studies are 
warranted to determine if circulating monocytes are 
activated in subclinical hypothyroidism, and the role 
they may play in the elevated associated risk of cardio-
vascular disease.
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