
132 www.e-enm.org

Review
Article

Natural Killer Cells and Thyroid Diseases 
Eun Kyung Lee1,2, John B. Sunwoo2

1Center for Thyroid Cancer, National Cancer Center, Goyang, Korea; 2Department of Otolaryngology-Head and Neck Surgery, 
Stanford University School of Medicine, Stanford, CA, USA

Abnormal production of thyroid hormone is one of the common endocrine disorders, and thyroid hormone production declines with 
age. The aging process also negatively affects the immune system. An interaction between endocrine system and the immune system 
has been proposed to be bidirectional. Emerging evidence suggests an interaction between a lymphocyte population, called natural 
killer (NK) cells and thyroid gland function. Here, we review the relationship between NK cells and thyroid function and disease. 
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INTRODUCTION

Natural killer (NK) cells are a family of innate immune cells 
that play an essential role in antiviral immunity and immune 
surveillance against tumors [1,2]. NK cells also influence the 
development of adaptive immunity through cross-talk with anti-
gen-presenting dendritic cells. Although best known for their 
ability to kill tumor and virus-infected cells, NK cells also play 
a role in regulating other immune and nonimmune cells through 
the production of a variety of cytokines [3,4]. 

Human NK cells, defined as CD56+ CD3− cells, compose a 
subset of the total lymphocyte population (10%) among periph-
eral blood mononuclear cells [3]. NK cells are part of the family of 
group 1 innate lymphoid cells (ILCs), which produce interferon-γ 
(IFN-γ) and tumor necrosis factor α upon stimulation [5]. Unlike 
ILC1s, NK cells have cytotoxic activity, similar to CD8+ cyto-
toxic T lymphocytes [6,7]. 

Activated NK cells which have been cultured with several cy-
tokines such as interleukin-2 (IL-2), IL-12, IL-15, and IL-18 are 
also able to lyse certain target cells [8,9]. Subtypes of human NK 

cells have traditionally been described on the basis of their rela-
tive expression of CD16 and CD56 cell surface antigens [1,4, 
10]. In broad terms, there are two main subsets in the peripheral 
circulation, CD56dimCD16+ more mature NK cells (95%) and 
CD56brightCD16− more immature NK cells (5%) [3]. Recently, 
apart from the circulating NK cell in peripheral blood, specific 
tissue resident NK cell subpopulations in the liver, uterus, and 
skin have been described [11,12].

The CD56dimCD16+ NK cells have high cytotoxic activity 
with innate potential for killing certain tumor cells without prior 
stimulation, whereas CD56brightCD16−/low NK cells are more ef-
ficient for cytokine-mediated immunity [13]. CD56bright cells 
may orchestrate overall immunity due to their ability to generate 
large amounts of cytokines during stimulation [3]. 

NK cell function is regulated by integrating the signals from 
numerous activating and inhibitory receptors [3]. The activating 
receptors, which recognize highly expressed molecules on vi-
rus-infected cells or tumor cells, include natural killer group 2, 
member D (NKG2D), the natural cytotoxicity receptors (NCRs) 
NKp30 (also known as NCR3) and NKp46 (also known as 
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NCR1), and DNAX accessory molecule 1 (DNAM1; also known 
as CD226). The inhibitory receptors, such as killer cell immu-
noglobulin-like receptors (KIRs) and CD94–NKG2A, mostly 
recognize major histocompatibility complex (MHC) class I 
molecules (i.e., human leukocyte antigen [HLA] in humans). It 
is through this interaction between NK cell inhibitory receptors 
and MHC I that NK cells distinguish “self” from “non-self” (cells 
that have lost or downregulated expression of MHC I). In addi-
tion to these regulation mechanisms, NK cells also respond to 
cytokines such as IFN-α, IL-12, IL-15, and IL-18, which can be 
produced by nearby cells. 

A number of reports indicate an interaction between NK cells 
and thyroid gland function and disease processes. Here, we re-
view what is known about NK cells in thyroid disorders.

THYROID HORMONE EFFECTS ON NK 
CELL ACTIVITY

An interest in the link between immune system and thyroid hor-
mone status comes from the fact that thyroid stimulating hor-
mone can bind to peripheral blood mononuclear cells (including 
monocytes, NK cells and activated B cells) [14]. With aging, 
both the innate and adaptive arms of the immune system are af-
fected, and such changes can increase susceptibility to infections, 
cancer, and autoimmune diseases [15]. Because absolute or rela-
tive deficiency of thyroid hormone is prevalent in the elderly, 
thyroid hormone deficiency has been proposed to be involved 
with this aging-dependent immune dysregulation. In line with 
this, the cytolytic activity of NK cells, isolated from older human 
subjects, has been demonstrated to be suppressed compared to 
those from younger subjects, and interestingly, this diminished 
activity was restored by triiodothyronine (T3) [16]. These results 
are consistent with findings from a murine model, where exoge-
nous administration of thyroxine resulted in the augmentation 
of NK cell activity [17,18]. NK cell activity was also studied in 
the context of patients undergoing thyroidectomy for early stage 
thyroid cancer; the thyroxine suppressive treatment increased 
serum IL-18 concentrations and the percentage of activated NK 
cells in peripheral blood, compared with controls [19]. Con-
versely, after thyroxine withdrawal, serum levels of IL-18, and 
the percentage of NK cells decreased progressively. Thyroid 
hormones have also been shown to potentially affect NK cell 
cytokine production. T3, for example, can induce IL-2 receptor 
expression in peripheral blood mononuclear cells [20]. Admin-
istration of low doses of thyroxine enhanced the stimulatory ef-
fect of IFN on NK cells [21]. 

Thus, there is evidence of an interaction between thyroid 
function and NK cell activity. The mechanisms underlying these 
phenomena are poorly understood and warrant further study.

NK CELLS AND THYROID AUTOIMMUNE 
DISEASE 

NK cell function appears to be affected several autoimmune 
diseases such as systemic lupus erythematosus (SLE) [7,22,23]. 
SLE develops from a non-tissue-specific autoimmune reaction 
and characterized by the activation of polyclonal B cells and the 
production of autoantibodies against several nuclear proteins 
[23]. NK cells show a variable NK cell deficiency and cytotoxic 
defect in SLE patients.

Regarding autoimmune thyroid disease, contradicting obser-
vations on disease states and NK cell activity have been report-
ed. One study reported that patients with Hashimoto’s thyroid-
itis, Graves’ disease, or nontoxic goiter, and normal controls did 
not differ in NK cell activity [24]. In addition, there was no cor-
relation between NK cell activity and antithyroid antibodies 
(thyroglobulin antibody, thyroperoxidase antibody [TPO-Ab], 
and thyroid stimulating antibody). Considering that NK cell ac-
tivity is affected by age, another study compared patients with 
Graves’ disease and Hashimoto’s thyroiditis to age and gender-
matched healthy controls; this study demonstrated that NK cell 
activity was significantly reduced in both groups compared to 
the normal controls [25]. In both Graves’ disease and Hashimo-
to’s thyroiditis, NK activity was not correlated with serum thy-
roxine concentration, presence of ophthalmopathy, or serum 
thyroid antibody titer, and goiter size. In another study, NK cell 
function was reduced in hyperthyroid patients regardless of un-
derlying pathology (Graves’ disease or Hashimoto’s thyroiditis), 
though the number of NK cells was not decreased [26]. 

The role of NK cell in postpartum thyroiditis has also been 
studied. Physiologically NK cell activity minimally decreased 
in late pregnancy and increased in the postpartum period in nor-
mal women [27]. In an early study for postpartum thyroiditis, 
NK cell activity was depressed after delivery, but there were no 
differences between postpartum thyroiditis patients and healthy 
postpartum women [28]. Another study showed opposite results 
that in repetitive measurement in pre and postpartum in the 
same patients, NK activity was significantly higher than those 
in the euthyroid state with postpartum Graves’ disease or with 
postpartum destructive thyroiditis [27]. However, these studies 
did not include an analysis of the results of TPO-Ab, which is 
associated with the development and disease activity of postpar-
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tum thyroiditis. In a Dutch prospective study, depression of NK 
cell activity occurred in only TPO-Ab positive postpartum thy-
roiditis, but not in TPO-Ab negative postpartum thyroiditis or 
normal pregnancy [29]. This finding suggested postpartum thy-
roiditis can be divided into two subtypes according to the pres-
ence of TPO-Ab, and TPO-Ab positive postpartum thyroiditis 
induced immunological perturbations in NK cell activity. 

Antithyroid drugs, especially propylthiouracil, are well 
known to have immunosuppressive effects [30]. As a result, in 
patients taking antithyroid drugs, serum concentrations of anti-
thyroid antibodies decrease with time [31]. Furthermore, anti-
thyroid drug treatment induces an increased number of circulat-
ing suppressor T cells and a decreased number of helper T cells, 
NK cells, and activated intrathyroidal T cells [30,32]. 

NK CELLS AND CANCER 

The protective role of NK cell during carcinogenesis is suggest-
ed by observations that low cytotoxic activity of NK cell is as-
sociated with increased cancer risk [8,33,34]. In a murine ex-
perimental model, NK cell-deficient mice more efficiently de-
veloped spontaneous and carcinogen-induced tumors [35,36].

NK cells differentiate target cells from ‘healthy self’ by inte-
grating signals from multiple inhibitory and activating recep-
tors. NK cells represent an attractive lymphocyte population for 
cancer immunotherapy due to their ability to lyse tumor targets 
without prior sensitization and without need for HLA-matching 
[37,38]. In addition, NK cells have the ability to react quickly, 
producing a broad range of cytokines within minutes to hours of 
antigenic stimulation and also activate antigen-presenting den-
dritic cells. This rapid effect can trigger powerful innate and ac-
quired immune responses both directly and indirectly. Clinical 
trials using NK cells demonstrated acceptable efficacy in pa-
tients with refractory acute myelogenous leukemia, breast can-
cer and ovarian cancer [39-41].

Nevertheless, very few solid tumors have been shown to re-
spond to NK cell-mediated immunotherapy possibly due to a 
number of mechanisms, including resistance to NK cell-induced 
cytotoxicity and/or poor tumor infiltration by NK cells. Immu-
nosuppressive factors released from the tumor microenviron-
ment (TME), such as transforming growth factor β1 (TGF-β1), 
rendered intratumoral NK cells dysfunctional compared to cir-
culating NK cells [42]. 

To enhance NK cell activity, many studies have explored the 
use of cytokines to improve NK cell proliferation and cytotoxic-
ity. IL-2 was first identified as a stimulator for expansion of T 

cell lymphocyte, so IL-2 treatment was approved as the first im-
munotherapy by U.S. Food and Drug Administration for kidney 
cancer in 1992 and melanoma in 1998 [43]. IL-15 is also critical 
for NK cell maturation and survival [44] and an engineered IL-
15 superagonist/IL-15Rα fusion complex activates the IL-15 re-
ceptor on CD8+ T cells and NK cells, and overcome TGFβ1-
induced suppression of NK cell cytotoxicity in vivo and in vitro 
studies [42]. NK, as well as CD8+ T cells, were important medi-
ators of this cytotoxicity, and the reduced cytotoxic capacity of 
splenocytes in tumor-bearing mice was partially restored by 
treatment with exogenous IL-12 and anti-TGFβ [45]. 

OBSERVATIONS ABOUT THE 
ASSOCIATION OF NK CELLS AND 
THYROID CANCER

The role of NK cells has been studied in thyroid cancer as well. 
In papillary thyroid carcinoma (PTC) patients, NK cell infiltra-
tion was greater in earlier stage disease compared to late stage 
disease [46]. Flow cytometry analysis on tissue samples and pe-
ripheral blood from PTC and multinodular goiter (MNG) pa-
tients showed that tumor-infiltrating NK cells were increased in 
PTCs compared to goiters and healthy thyroids, whereas no dif-
ferences were found in peripheral blood NK cells [46]. More 
specifically, CD56bright NK cells were increased in PTC samples 
compared to MNG and inversely correlated with the disease 
stage, whereas cytotoxic NK cells positively correlated with the 
disease stage in PTC patients [47]. When compared with ana-
plastic thyroid cancer (ATC), the frequency of the CD56hiCD-
16hi/lo NK subset was significantly higher in more advanced thy-
roid cancer patients and further increased in ATC patients, 
though >90% of circulating NK cells were CD56loCD16hi and 
fewer than 10% were CD56hiCD16hi/lo in healthy controls and 
early stage thyroid cancer patients [48]. These findings suggest 
that modulation of cell phenotype can occur in the TME of thy-
roid cancer.

To investigate the mechanism of NK cell mobilization in thy-
roid cancer, the C-X-C motif chemokine ligand 10 (CXCL10)-
C-X-C motif chemokine receptor 3 (CXCR3) axis was assessed 
in several studies. Mast cell-derived CXCL1/growth-regulated 
oncogene α (GRO-α) and CXCL10/interferon γ-induced protein 
10 (IP10) production increased ATC proliferation through the 
engagement of CXCR2 and CXCR3 expressed on thyroid cells 
[49]. Interestingly, the activation of the CXCL10-CXCR3 axis 
was also induced by NK cell migration in ATC cell lines. Pros-
taglandin-E2 was identified as the main factor responsible for 
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the ATC-mediated NK cell suppression [50]. 
As mentioned previously, NKG2D is an activation receptor 

for NK cells, which potentiates the lysis of tumor cells. ATC 
cell lines are sensitive to lysis by ex vivo expanded NK cells, 
and this lysis is abrogated upon blockade of NKG2D [50]. ATC 
cell lines derived from fine-needle aspiration (FNA) biopsy 
samples from ATC patients expressed UL16-binding proteins 
(ULBP) 2/5/6, which is the ligand of NKG2D surface receptor 
recognizing infected or tumor transformed cells, whereas non-
malignant thyroid tissue did not, possibly explaining one way 
NK cells respond to ATC [50]. Flow cytometry analysis of NK 
cells from FNA and peripheral blood of ATC patients, however, 
has revealed that the NK cells have a suppressed phenotype, 
characterized by a lower percentage of CD56dim cells and 
CXCR3+ cells and a reduced NKG2D expression, compared to 
peripheral blood NK cells [50].

Several ways to improve NK cell activity against thyroid can-
cer have been investigated. IL-12 has been shown to improve 
the cytotoxic activity of CD8+ T cells and NK cells in PTC and 
increase the infiltration of M1 macrophages compared to alter-
native M2 macrophages within the tumors [45]. It has also been 
demonstrated that ATC cells expressing high levels of cyclooxy-
genase 2 (COX2) co-cultured with NK cells resulted in down-
regulation of NKG2D expression on NK cells when compared 
with co-culture of COX2-negative cell lines [50]. This down-
regulation of NKG2D was rescued by administration of neutral-
izing antibodies to prostaglandin-E2. 

CONCLUSIONS

NK cells orchestrate the innate and adaptive immunity interact-
ing other immune cells and differentiating tumor cells. The al-
tered NK cell activity observed in many thyroid disease may 
have important implication for the clinical behavior of these 
disorders. There is need for further research and understanding 
of these processes.
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