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Abstract 

 
Introduction: Gender disparity of thyroid cancer is common issue all 

around the world. The incidence of thyroid cancer in women is 

about 3 times more common than that in men. In Korea, thyroid 

cancer is the second most common malignancy in women, but it is 

not among the most common 10 cancers in men. Among the putative 

reasons for the gender disparity in the incidence of thyroid cancer, 

several studies have highlighted estrogen as a key contributor to 

increased risk of thyroid cancer. Estrogen receptors are expressed 

not only on tumor cells, but also on hematopoietic progenitors and 

mature immune cells, such as B cell, CD4+ T cell, NK cell, dendritic 

cells and macrophages. These suggest that estradiol (E2) could be 

affect to functions of immune cells in the context of tumor 

microenvironments directly and/or indirectly. The importance of the 

tumor-associated macrophage (TAM) has long been emerging, 

however, there has been little study on E2 and TAMs in thyroid 

cancer. Here, we aimed to identify the role of E2 on TAMs and 

thyroid cancer progression using in vitro cell line experiments and 

in vivo thyroid cancer mouse models. 

Methods: 1) Transwell migration assay was performed to analyze 

the effect of E2 on migration ability of thyroid cancer cells and 

monocyte cells 2) THP-1 derived macrophages were treated with 

E2 and mRNA level of M1 or M2 related gene was analyzed by 

qRT-PCR. 3) Ovariectomy (OVX) or sham operation (Sham) was 
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performed in nude mice and TPC-1 thyroid cancer cells were 

implanted into thyroid lobe of nude mice. Tumor size was followed 

in vivo using luciferase activity and infiltration of TAMs was 

analyzed by flow cytometry 4) TPC-1 with or without THP-1 cells 

were subcutaneously injected into OVX or Sham nude mice, and the 

tumor size was measured with a caliper and infiltration of TAMs 

was analyzed by flow cytometry. 

Results: The transwell migration assay showed that the portion of 

migrated cells were increased under E2-treatment condition and 

dose-dependent manner. Moreover, the migration ability of thyroid 

cancer cells was enhanced when THP-1 derived macrophage cells 

were co-cultured with thyroid cancer cells, and E2 treatment 

further increased the migration of thyroid cancer cells. Migration 

ability of THP-1 also stimulated by E2 treatment. qRT-PCR result 

revealed that the mRNA expression level of pro-inflammatory 

cytokines TNF-α and IL-6 were downregulated when THP-1 

derived macrophage cells were treated with E2 in dose-dependent 

manner. On the contrary to this, M2 related cytokines IL-10 and 

CCL22 were upregulated when treated with E2. OVX induced the 

inhibition of tumor growth and decreased infiltration of TAMs 

(CD45+CD11b+F4/80+) compared to Sham or OVX+E2 group. 

Tumorigenesis rate between thyroid cancer cell injected group and 

thyroid cancer cell/THP-1 co-injection group in OVX was not 

significantly different (32% vs 36%). However, the tumorigenesis 

rate of co-injection group is 1.75 times higher in Sham (40% vs 

70%). 
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Conclusion: Our data shows that E2 enhanced migratory and 

tumorigenic properties of thyroid cells and migratory and M2 

properties of monocytic cells. These finding may explain that the 

progression of thyroid cancer is potentially attributed the pro-

tumoral activities of TAMs in the presence of estrogen. 

 

Keyword : Thyroid cancer, Gender disparity, Estrogen, Tumor-

associated macrophage, Ovariectomy, Sham operation. 

Student Number : 2019-22859 
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Chapter 1. Introduction 
 

 

1.1. Gender disparity in thyroid cancer 
 

Although thyroid is not a reproductive organ, it has long been 

recognized that the incidence of thyroid cancer in women is 

significantly higher than that in men across the world (1, 2). 

According to the National Cancer Institute’s Surveillance, 

Epidemiology, and End Results (SEER) database, the age-adjusted 

incidence rate of thyroid cancer in 2018 was 21.8/100,000 women 

and 7.8/100,000 men, for a female-to-male ratio of almost 3:1 (3). 

In Korea, it is the second most common malignancy in women, but 

not among the most common 10 cancers in men (4).  

 

1.2. Estrogen and thyroid cancer 
 

The role of estrogen has long been investigated in many solid 

tumors including thyroid, breast, and ovarian cancers. Estrogens are 

sex hormones that play a regulatory role not only in the 

reproductive organs but also in numerous physiological processes 

(5). While estrogens are present in both female and male, they are 

usually present at significantly higher levels in females of 

reproductive ages. There are several forms of endogenous 

estrogens that have hormonal activities, including estrone (E1), 

estradiol (E2), estriol (E3). Among these, E2, which is a major 
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form of estrogen, has the highest binding affinity to estrogen 

receptors and the superior potency (6).  

Among the putative reasons for the gender disparity in the 

incidence of thyroid cancer, several studies have highlighted 

estrogen as a key contributor to increased risk of thyroid cancer  

(7). In prepubertal periods, the incidence rate of thyroid cancer 

between female and men is approximately equally presented. 

However, in females, the incidence rate of thyroid cancer rises 

briskly at the beginning of the reproductive period, peaks at the age 

of 40 to 49, and then decreases rapidly when the menopause age is 

reached (1, 4, 8). Furthermore, an increased risk is reported in 

women who use estrogen for gynecological problems but not in 

postmenopausal women on low dose estrogen replacement therapy 

(9, 10). In addition, estrogen metabolites was significantly higher in 

women compared to control women who did not diagnosed with 

thyroid cancer (11).  
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1.3. Estrogen and tumor microenvironments 
 

Tumor microenvironment (TME) is the local environment 

around a developing tumor, including the tumor stroma, surrounding 

blood vessels, infiltrating immune cells, fibroblasts, and the 

extracellular matrix (ECM). Tumor cells and the surrounding 

environment are constantly interact and influence each other, either 

positively or negatively.  

Published studies reported that estrogen receptors, ERα and 

ERβ, are expressed not only on tumor cells, but also on 

hematopoietic progenitors and mature immune cells, such as CD8+ 

T cell, CD4+ T cell, B cell, NK cell, dendritic cells, monocytes and 

macrophages (12-14). In addition, E2 pathway contributes to 

abnormal modulation of antitumor immunity, enhancing a larger 

number of pro-tumoral responses within the TME (13). These 

suggest that E2 could affect functions of immune cells in the 

context of TME directly and/or indirectly. In ovary, breast, lung 

cancer, for instance, there are myriad of studies that E2 signaling is 

major contributor to augment the immunosuppressive TME in vitro 

and in vivo (15). 

In thyroid cancer, there are increasing evidences to support 

that estrogen stimulates the proliferation and metastatic potential of 

thyroid cancer cells in vitro (16, 17). However, previous studies 

focused on the direct effect of E2 on thyroid cancer cell line, not 

considering the TME-modulating effect of E2 in vivo. 
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1.4. Thyroid cancer and tumor-associated 

macrophage (TAM) 

Macrophages are the most abundant immune cells in the TME 

(18). Macrophages are phagocytes that regulate tissue-specific 

innate immune responses to defense against foreign pathogens via 

phagocytic action or various cytokines. However, tumor-associated 

macrophages (TAM) generally play a pro-tumoral role and 

correlate with poor prognosis in numerous cancer types including 

breast, prostate, ovary, cervix, stomach, lung, and bladder cancer 

(19). In addition, cancers with higher degree of infiltrated TAM was 

associated with poor survival rate (20). Among the 14 cancer types, 

anaplastic thyroid cancer (ATC), the most aggressive and lethal 

type of thyroid cancer, exhibited the extremely highest density and 

the lowest five-year survival rate (20).  

There are marked evidences that E2 is also related to 

infiltration and differentiation of TAMs. Premenopausal patients 

exhibited higher TAM infiltration compared to postmenopausal 

patient in high grade serous ovarian cancer (21). In polyomavirus 

middle T (PyMT) breast cancer mouse model, E2 not only 

promoted the infiltration of TAMs into tumor, but also differentiated 

macrophage into pro-tumoral M2 TAMs phenotype (22). Moreover, 

E2 signaling pathway promoted the polarization into M2 TAMs in 

vitro (23). 

The importance of the TAMs has long been emerging, however, 

there has been little study on role of E2 and TAMs in thyroid 
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cancer. In vitro cell line experiments have a limitation on reflect the 

interaction of E2, TAM, and cancer cells. Thus, to study the 

progression of thyroid cancer in the context of functional TME, in 

vivo mouse experiments should be accompanied. 

Here, we aimed to identify the role of E2 on thyroid cancer 

progression through enhancing the pro-tumoral activities of TAMs. 
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Chapter 2. Materials and Methods 
 

 

Cell culture 
 

Given that phenol red in culture media has an estrogenic effect 

(24), TPC-1, BCPAP and THP-1 were grown in phenol-red free 

RPMI-1640 supplemented with 10% FBS (Biowest), 2mM 

GlutaMAXTM (Gibco), and 100U/ml penicillin-streptomycin (Gibco) 

in humidified atmosphere of 5% CO2 at 37℃. A short Tandem 

Repeat (STR) analysis was performed by Korean Cell Line Bank 

(Seoul, South Korea) using AmpFLSRRTM identifierTM PCR 

Amplication Kit (Applied Biosystem) and validated that all the cell 

lines have the same STR profile with origin of each cell lines. The 

absence of mycoplasma in the cell lines was demonstrated by 

Korean Cell Line Bank using e-MycoTM plus Mycoplasma PCR 

Detection Kit. 

 

Preparation of conditioned medium  
 

For TPC-1 conditioned medium (TPC-1 CM) preparation, 

3x106 cells of TPC-1 cells were seeded into 100mm3 culture plates 

with phenol-red free 10% FBS media. After 24h incubation, cells 

were washed with PBS and 10ml of phenol-red free and serum-

free RPMI-1640 medium was added. After further 24h incubation, 

collect the cell supernatant and filtered using 0.22um pore size 

syringe filter (Corning) and stored at -80℃.  

For macrophage conditioned medium (THP-1 CM) preparation, 
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6x106 cells of THP-1 monocyte cell line was incubated with 5uM of 

PMA (Phorbol 12-myristate 13-acetate) (Sigma) 24h to 

differentiated into macrophage. After then, cells were washed with 

PBS and phenol-red free and serum-free RPMI-1640 medium was 

added. After 24h incubation, the cell supernatant were filtered and 

stored at -80℃ 

For the experimental assessment usage of conditioned medium, 

collected conditioned medium was diluted with 10% FBS phenol-

red free RPMI-1640 medium in a 1:1 ratio. 5% FBS phenol-red 

free RPMI-1640 medium was used for control medium. 

 

Cell proliferation assay 
 

Cell proliferation was assessed by quantitation of endogenous 

ATP levels using CellTiter-Glo Luminescent Cell Viability Assay 

Kit (Promega). 2x103 cells/100ul of MCF-7, TPC-1 and BCPAP 

were seeded into 96 well cell plates and allowed to adhere for 24h 

incubation. Cells were washed with 1X PBS and 5% FBS phenol-

red free RPMI-1640 medium or THP-1 CM with 0, 10, 100nM of 

E2 were treated for 24h or 48h.  

To assess the growth of cancer cell lines, cells were washed 

with PBS and lysed with 50ul of CellTiter-Glo Reagent and 50ul 

0.02% SDS in PBS. After incubated at room temperature for 10min, 

luminescent signals from each well was recorded using Luminoskan 

Microplate Luminometer (Thermofisher).  
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Transwell migration assay 
 

Cell culture inserts with 8.0-μm pore for 24 well plates (SPL) 

were used for cell migration assay.  

For the study of direct effect of E2 on migration ability of 

thyroid cells, TPC-1 cells were resuspended in phenol-red free 

RPMI with 1% FBS and 0, 10, 100nM of E2 at 1x106 cells/ml, and 

100ul of the cell suspension was loaded onto the culture inserts. 

The bottom chambers were filled with 500ul of phenol-red free 

RPMI with 5% FBS and 0, 10, 100nM of E2.  

For the study of indirect effect of E2 on migration ability (via 

macrophage), 1.5x105 cells/500ul of THP-1 monocyte cell line was 

first incubated in the bottom chamber with 5uM of PMA 24h at 37℃ 

to differentiated into macrophage. After 24h incubation, medium 

was washed out with 1X PBS. 1x105 TPC-1 resuspended in 0, 10, 

100nM of E2, and 100ul phenol-red free RPMI with 1% FBS was 

loaded onto the culture inserts. The bottom chambers were filled 

with 500ul of phenol-red free RPMI with 5% FBS and 0, 10, 100nM 

of E2.  

For THP-1 transwell assay, 2x106 cells/ml of THP-1 cells 

were resuspended in phenol-red free RPMI with 1% FBS and 0, 10, 

100nM of E2, and 100ul of the cell suspension was loaded onto the 

culture inserts. The bottom chambers were filled with 500ul of 

phenol-red free RPMI with 5% FBS or TPC-1 CM treated with 0, 

10, 100nM of E2. 

After 6~12h incubation, the cells that migrated through the 
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membrane were fixed with 4% paraformaldehyde (PFA) for 10min 

and stained with 0.2% crystal violet solution. Figures of the stained 

cell were taken by microscopy and the migrated area was calculated 

using ImageJ software. 

 

THP-1 differentiation assay 
 

3x105 cells/2ml of THP-1 cell lines were incubated in 12-well 

plate with 5uM of PMA 12h at 37℃ to differentiated into 

macrophage. After incubation, medium was washed out with 1X PBS 

and filled with 2ml of phenol-red free RPMI with 5% FBS and 0, 10, 

100nM of E2. After further 24h incubation, total RNA was extracted 

using RNeasy Mini Kit (Qiagen) and cDNA was transcribed from 

1ug of RNA using Legene Primium Express 1st strand DNA 

synthesis system Kit (Legene). Quantitative real-time PCR was 

performed using PowerTrack SYBR Green Master Mix (Applied 

biosystem) and QuantStudioTM 3 Real-Time PCR System (Applied 

biosytem) and all sampled were run on the 96-well plate. Relative 

mRNA levels were normalized using a value derived from the 

housekeeping gene b-actin. Primer sequences were as follow:  

Gene Forward Primer (5' -> 3') Reverse primer (5' -> 3') 

b-Actin GGACTTCGAGCAAGAGATGG AGCACTGTGTTGGCGTACAG 

TNF-a TCCTTCAGACACCCTCAACC AGGCCCCAGTTTGAATTCTT 

IL-6 TACCCCCAGGAGAAGATTCC TTTTCTGCCAGTGCCTCTTT 

IL-10 TGGTGAAACCCCGTCTCTAC CTGGAGTACAGGGGCATGAT 

CCL-22 TGTGCCAACTCTCTGCATTC GACCTCAGCTTAGGGCAGTG 

CD163 TTTTGTCACCAGTTCTCTTGGA AGCCATTATTACACACCGTTCC 
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Animal experiments 
 

All animal studies were performed under a protocol approved 

by Institutional Animal Care and Use Committee (IACUC) at Seoul 

National University (SNU-190130-1-4). All mice were cared and 

maintained in accordance with the recommendations of Institute of 

Experimental Animals at Seoul National University College of 

Medicine.  

One week after arrival, 6-week-old female Balb/c-nude mice 

(OrientBio, Korea) were subjected to ovariectomy (OVX) or a sham 

operation (Sham).  

For orthotopic tumorigenesis experiments, the OVX mice were 

randomized into 2 groups ; OVX group received E2 (100ug/20ul, IM, 

weekly) and OVX group received vehicle. 1x105 of TPC-1 cells 

were implanted into one-side of thyroid gland of the nude mice 

using 31-gauge needle. Tumor size of each group was followed in 

vivo using luciferase activity or calculated as 0.5LW2(mm3) at the 

endpoint using caliper. 

For subcutaneous tumorigenesis experiments, 5x106 cell of 

TPC-1 cells with Matrigel were subcutaneously injected into the 

right flank of OVX or Sham group of nude mice(OVX_T and 

Sham_T). For the THP-1 co-injection study, 1x106 THP-1 were 

subcutaneously co-injected with 5x106 of TPC-1 at the ratio of 1:5 

into the right flank of OVX or Sham mice (OVX_T+M and 

Sham_T+M). Tumors were measured with a caliper and the volume 
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of the tumors were calculated by 0.5LW2(mm3) 

 

 

Flow cytometry analysis 
 

Flow cytometry was applied to analyze the surface or 

intracellular markers to describe the infiltration and phenotype of 

TAMs. Implants from each group were dissected from mice. 

Biopsies were then mince with scalpels and digested with 1mg/ml 

Collagenase Type 4 (Worthington Biochem) for 2h at 37℃. After 

incubation, cells were then passed through a 100μm and 40μm cell 

strainer (BD Falcon) to remove undigested tissue. Red blood cells 

were lysed using ACK lysing buffer (Gibco).  

For cell surface staining, 1x106 cells were incubated in staining 

buffer (1XPBS with 5% FBS with 0.05% sodium azide) with 

indicated antibodies for 30min at 4℃. Cell viability was determined 

by staining with DAPI. For intracellular staining of CD206, 1x106 

cell were first stained with Zombie UV Fixable Viability Kit 

(BioLegend) following the manufacturer’s instructions, and then 

fixed and permeabilized using Cyto-Fast Perm/Wash Buffer kit 

(BioLegend). Flow cytometry antibodies were used as follows: from 

BioLegend, CD45-Qdot605, CD206-PE-Cy7, CD11b-APC-Cy7, 

CD45-AF700, F4/80-BV711; from eBioscience, CD11b-PE, 

F4/80-FITC; from BD Pharmigen, CD80-PE. 
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Statistical analysis 
 

All statistical analyses were performed using GraphPad PRISM 

version 8.0.1 (GraphPad Software). The unpaired t-test or Mann-

Whitney test (n<10) was used for comparison of continuous 

variables. Statistical significance was defined as two-tailed p 

values < 0.05. 
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Chapter 3. Results 

 

3.1 Estrogen and TAMs enhanced the migration 

potential of thyroid cancer cell in vitro 

To determine whether thyroid cancer cells show E2-

responsive proliferation, we used TPC-1 and BCPAP thyroid 

cancer cell lines. For the positive control, MCF-7, a classical E2-

responsive breast cancer cell line, was used (Figure 1A, B). MCF-

7 cell line showed an increased cell proliferation after treatment of 

10nM or 100nM of E2 when cultured with or without THP-1 CM, 

while E2 could not stimulate the proliferation of thyroid cancer cell 

line TPC-1 and BCPAP regardless of THP-1 CM existence (Figure 

1A, B).  

To investigate the role of E2 on the migration ability of thyroid 

cancer cell lines, which is especially important in the initial process 

of cancer metastasis, we performed transwell migration assay. The 

transwell assay showed that the portion of migrated cells were 

increased under E2-treatment condition and dose-dependent 

manner (Figure 1C, D). Moreover, the migration ability of thyroid 

cancer cells was enhanced when THP-1-derived macrophage cells 

were co-cultured with thyroid cancer cells, and E2 treatment 

further increased the migration of thyroid cancer cells (Figure 1E, 

F). These results indicate that E2 could enhance the migration 

potential of thyroid cancer cells directly or indirectly. 
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Figure 1. Migration potential of thyroid cancer cells was 

enhanced by TAMs and treatment of E2.  

(A, B) Effect of E2 treatment on proliferation ability of thyroid 

cancer cell lines. MCF-7, TPC-1 and BCPAP cells were cultured 

without (A) or with (B) THP-1 CM. (C-F) Effect of E2 treatment 

on migration ability of thyroid cancer cells. Thyroid cancer cells 

were cultured without THP-1 derived macrophage (C,D) or co-

cultured with THP-1 derived macrophage (E,F). Representative 
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microscopic images (magnification x50) of cells that migrated 

through the transwell membrane in the migration assay. The 

migration area was calculated using ImageJ software and every 

migrated cell was considered for calculating.  
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3.2 Estrogen promotes recruitment of monocyte and 

polarization into alternative macrophage activation 

Monocytes appear to be recruited throughout tumor progression, 

including during early stages of tumor growth and establishment of 

distal metastasis (12). To determine the role of E2 on monocyte 

recruitment, we used human leukemia monocytic cell line, THP-1. 

To mimic the tumor microenvironment, THP-1 cells were 

stimulated the migration in the condition of TPC-1 CM using 

transwell plate (Figure 2A, B, C). Migration ability were measured 

by membrane staining of transwell (Figure 2B) and by luminescent 

assay of cells which passed into below chamber of transwell 

(Figure 2C). We observed that the migration ability of THP-1 

monocyte cells was increased with treatment of 10nM and 100nM 

of E2 compared to 0nM treatment, suggesting that THP-1 

monocyte cells are E2 responsive and E2 could stimulate the 

migration potential of monocyte cells.  

Polarization and activity of macrophages are dependent on 

distinct cytokines within the local tumor microenvironment. M1 

phenotype macrophages produce pro-inflammatory cytokines 

including IFNγ, IL-6, IL-12, and TNFα, that contribute to tumor 

rejection and antigen presentation. Alternatively, M2 phenotype 

macrophages produce type-2 cytokines including IL-4, IL-10, 

CCL17, CCL22 and CCL22, all of which are identified promoters of 

tumor progression through enhanced tumor cell growth and immune 

evasion (13). 
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To test the role of E2 on macrophage polarization, THP-1 

monocytes were differentiated into macrophages using 5uM PMA. 

After 12h incubation in presence of PMA, cells became adherent 

and E2 (10nM or 100nM) or vehicles were treated 24h on 

macrophage. M1 (TNF-α, IL-6) and M2 (IL-10, CCL22, CD163) 

markers were analyzed by qRT-PCR. 

In qRT-PCR results, the mRNA expression level of pro-

inflammatory cytokines TNF-α and IL-6 was downregulated when 

THP-1 derived macrophage cells were treated with E2 in dose-

dependent manner (Figure 2D). On the contrary to this, M2 related 

cytokines, IL-10 and CCL22 were upregulated when treated with 

E2 (Figure 2D). Defining specific M1 and M2 with specific 

cytokines or surface markers is difficult because the genes are 

pleiotropic and expressed at different stages of macrophage 

differentiation (25). Like this recent point of view, mRNA level of 

CD163 was downregulated when treated with E2 (Figure 2D).  
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Figure 2. Migration potential of THP-1 and polarization of THP-

1 derived macrophage was stimulated by treatment of E2.  

(A) 2x105/100ul of THP-1 cells were loaded onto the culture 

insert and TPC-1 conditioned medium, supplemented with 5% FBS, 

were filled with 500ul of bottom chamber. After 12h, the migrated 

on the lower surface of the membrane were fixed, stained and 

confirmed under 50x field. (B) ImageJ quantified the percentage of 

migrating cells on the membrane. (C) Luminescence assay was 
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performed to quantify accumulative migrated cells into bottom 

chamber. (D) THP-1 monocyte cell lines were incubated with 5nM 

of PMA to induce macrophage differentiation. After incubation, 0, 10, 

100nM of E2 were treated on THP-1 derived macrophage for 24h 

and mRNA expression level was analyzed. mRNA level was 

normalized to 0nM of E2 treatment group. (D) The M1 signature 

maker, TNF-α and IL-6 and the M2 signature marker, IL-10, 

CCL22, and CD163 mRNA level were indicated.  
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3.3 Estrogen treatment promotes growth of thyroid 

tumor and infiltration of TAMs in vivo 

 To determine the effect of E2 on thyroid tumor growth, we 

compared the tumor growth in the conditions of E2 presence 

(Sham) or E2 deprivation by ovariectomy (OVX) surgery or E2 

supplement after OVX (OVX+E2). OVX caused an atrophic uterine 

phenotype, an event indicating success of the surgery (Figure 3A). 

E2 supplement after OVX group showed an enlarged uterine 

(hypertrophic uterine) phenotype (Figure 3A). 1x105 of luciferase-

labeled TPC-1 cells were implanted into one-side of the thyroid 

gland of the nude mice using 31-gauge needle. Tumor size could be 

followed in vivo using luciferase activity. The level of luciferase 

activity was in the order of OVX+E2, Sham, and OVX group (Figure 

3B, C), which indicates that E2 depletion induced the inhibition of 

tumor growth in vivo. At the endpoint, tumor volume between OVX 

and Sham group did not significantly differ (Figure 3D). However, 

exogenous supplement of estrogen significantly promotes tumor 

growth compared to OVX and Sham group (Figure 3D).   

Infiltration of TAMs plays a functional role in the progression of 

thyroid cancer (20, 26). OVX led to decrease in TAMs 

(CD45+CD11b+F4/80+) compared to Sham or OVX+E2 group 

(Figure 3E, F), which means E2 contributed the TAM composition 

within the TME (p value=0.09).  
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Figure 3. Effects of E2 on thyroid tumor growth in vivo 

(A) The effects of OVX (n=8), Sham (n=8), and OVX+E2 (n=8) 

on uterine morphology. (B) TPC-1 thyroid cancer cells were 

injected into each group (n=8) and tumor size was followed by 

luciferase activity. (C) Luminescent intensity of proton emitted 

from each tumor was quantified. (D) Presentative tumor 

morphologies of each group at the end-point of the experiments (3 

weeks after post-implantation of 1x105 TPC-1 cells). (E) Flow 

cytometry analysis was performed to identify the TAM 

(CD45+CD11b+F4/80+) density in each group. (F) Sham and 

OVX+E2 groups showed higher TAM density compared to E2 

depleted OVX group. 
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3.4 Synergistic effect of E2 and monocyte on thyroid 

cancer growth in vivo 

To identify the role of macrophages in thyroid cancer 

progression in the presence of E2, mice were divided into four 

groups, OVX mice injected with tumor cell only (OVX_T), OVX mice 

co-injected with THP-1 (OVX_T+M), Sham mice injected with 

tumor cell only (Sham_T), and Sham mice co-injected with THP-1 

(Sham_T+M). Implanted tumor cells in Sham group exhibited 

relatively higher tumorigenic capability compared to OVX group and 

Sham_T+M group showed the highest incidence of tumors (Figure 

4A). These results suggest that E2 and macrophage has important 

roles in thyroid cancer tumorigenesis. Interestingly, with the higher 

tumorigenic capability, Sham_T+M group also exhibited markedly 

rapid tumor growth and higher tumor weight relative to other 

groups (Figure 4B, C, D). There were no significant differences in 

TAM (CD45+CD11b+F4/80+) infiltration between 4 groups in these 

subcutaneous tumor models (Figure 4E).  
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Figure 4. Synergistic effect of E2 and THP-1 co-injection on 

thyroid tumor progression. TPC-1 thyroid cancer cells with or 

without THP-1 monocyte cells were subcutaneously injected into 

ovariectomized or sham-operated Nude mice. (A) Tumorigenesis 

rate. 4-weeks after cell implantation, tumor volume >40mm3 

defined as established tumor. (B) Representative tumor 

morphologies of each group at the end-point (7-weeks after cell 

implantation). (C) Tumor volume was calculated by 0.5W2L based 

on the regular measurement with caliper. (D) Tumor weight at the 

end point. (E) Flow cytometry was used to identify the infiltration 

of TAM (CD45+CD11b+F4/80+) 
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Chapter 4. Discussion 

 

Here, we investigated the role of E2 on TAM and thyroid 

cancer progression in in vitro cell line experiments and in vivo 

mouse models. In transwell migration assay, treatment of E2 

increased the migration ability of thyroid cancer cell lines, as 

previously reported (16). In the thyroid cancer cells with THP-1 

derived macrophage co-culture system, the migration ability was 

enhanced and treatment of E2 further enhanced the migration ability 

of thyroid cancer cell line.  

Because the polarization and differentiation of macrophages are 

influenced by the local microenvironment, we investigated the role 

of E2 on macrophage polarization in vitro. When THP-1 derived 

macrophages were treated with E2, the mRNA expression levels of 

pro-inflammatory M1 cytokines were down-regulated and that of 

M2 cytokines were up-regulated. Based on in vitro assay, we 

concluded that E2 could enhance the metastatic abilities of thyroid 

cancer cells by regulating the TAM in the TME. 

Heterogeneity and plasticity are key properties of macrophages. 

Two distinct macrophage phenotypes, M1 (classically activated) 

and M2 (alternatively activated), have been described in animal 

models and human based on the surface markers and/or production 

of specific cytokines. The limitation of the M1/M2 concept is that 

macrophages exist usually between M1 and M2 as the polarization 

process is dynamic, and macrophages often display both states at 

the same time. Although researchers still consider only two types 
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of polarized macrophages, recent investigations have showed that 

macrophage phenotypes other than M1 and M2 exist (27-29). In 

concordance with “macrophage continuum” concept, mRNA level of 

CD163 was the opposite of other M2 signature markers, such as 

IL-10 and CCL22 in our study. Overall, E2 could influence the 

polarization of macrophage into pro-tumoral M2 phenotype. 

Next, we determined the effect of E2 on thyroid cancer growth 

in vivo using Balb/c-nude mice. To the best of our knowledge, this 

is the first study to evaluate the pro-tumoral effect of E2 on 

thyroid cancer cells and TAM using in vivo mouse model. To 

deplete the endogenous level of E2, OVX surgery was performed in 

one group of mice. OVX group showed an atrophic uterine 

phenotype which confirmed the deprivation of endogenous E2. On 

the contrary, OVX+E2 group showed a hypertrophic uterine 

phenotype compared to Sham operated group which means the 

sufficient exogenous E2 was supplied to the mice. As expected, the 

level of luciferase activity of cancer cells was highest in OVX+E2 

group and lowest in OVX group. Moreover, the infiltration of TAM 

was decreased in OVX group compared to Sham or OVX+E2 group.  

Subcutaneously implantation of tumor cells in Sham group 

exhibited higher tumor formation incidence and co-implantation of 

tumor cells with THP-1 cells in Sham group showed the highest 

incidence rate of tumor formation. These results support that E2 is 

key contributor to increased risk of thyroid cancer. However, unlike 

the orthotopic tumor model, there was no significant differences in 

TAM infiltration between each group. This could be partially due to 
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the differences of TME composition between orthotopic and 

subcutaneous tumor models. Because orthotopic tumor models in 

physiological relevant sites have more biological relevance 

compared to subcutaneous tumor model, the further mouse 

experiments are planning to proceed in orthotopic mouse model.  

It is well documented in thyroid cancer that E2 stimulated 

growth-promoting signals (Cyclin D1, ERK1 and ERK2) by up-

regulating one of its receptor, ERα (30).  Clinical proof for the 

concept that E2 could promote the thyroid cancer progression in 

patients, the expression level of ESR1 gene which encode the ERα 

was peaked at 50~54 age in thyroid cancer patients and higher 

expression level of ESR1 was significantly correlated with poor 

overall survival (31). This peak may reflect the changes in E2 

excretion patterns induced by menopause. One study demonstrated 

that expression of ERα was significantly associated with the 

female sex, TNM stage, lymph node metastasis, extrathyroidal 

extension, multifocality and recurrence in thyroid cancer (32). 

Furthermore, the incidence of thyroid cancer was greater among 

those with an early age of menarche and oral contraceptive users 

(33). However, a multicenter cohorts study showed that women 

with hysterectomy regardless of oophorectomy status had 

significantly higher risk of thyroid cancer compared to women with 

no history of hysterectomy (34). Another nationwide cohort study 

showed that hysterectomy or oophorectomy increased the risk of 

thyroid cancer in premenopausal women and there was no 

significant association between hysterectomy or oophorectomy and 
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thyroid cancer developments in postmenopausal women who had 

undergone hormone therapy (35). These population-based studies 

do not support the hypotheses that E2 is a risk factor for thyroid 

cancer. More research is needed to clarify the role of estrogen in 

thyroid cancer development and progression. 

Our study has several limitations. First, TPC-1 cell line does 

not harbor the BRAFV600E mutation, which is the major diver 

mutation in thyroid cancer. Second, Balb/c-nude mouse used in this 

study is immunocompromised strain. Mice are imperatively 

immunodeficient to prevent the rejection of the human thyroid 

cancer cells lines in our study. Nude mouse naturally mutated strain 

that lacks a thymus which results in the impaired T-cell function. 

Although our study does not focus on the T cell immunity, the 

functions of macrophage also could be influenced by T cells. Thus, 

further animal studies that used the immune-competent mouse 

model are required. 

In conclusion, our data shows that E2 plays a contributor on 

thyroid cancer progression within the TME. E2 enhanced the 

migratory and tumorigenic properties of thyroid cells and migratory 

and M2 properties of monocytic cells. These finding may explain 

that the progression of thyroid cancer is potentially attributed the 

pro-tumoral activities of TAM in the presence of estrogen. 
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국문 초록 

 배경: 전세계적으로 갑상선암은 여성력이 매우 강한 암이며 남성에 비

해 여성에게서 갑상선암의 발생 빈도는 3배 정도 높다고 알려져 있다. 

2018년 국내 기준 갑상선암은 여성에게서 모든 암을 통틀어 2 순위의 

높은 발생률을 보이고 있지만, 남성에서는 10대암 발생률 순위에 갑상

선암이 포함되지 않았다. 이러한 성별차이를 설명하기 위해 많은 연구가 

진행되고 있으며, 그 중 여성호르몬인 에스트로겐이 주요한 원인으로 지

목되고 있다. 에스트로겐 수용체는 암세포뿐만 아니라 종양환경 내 존재

하는 B 세포, T 세포, 수지상 세포, 대식세포 등 면역세포에 발현되어 

있으며 이는 에스트로겐이 종양 환경의 형성에 직접적으로 영향을 줄 수 

있다는 것을 시사한다. 갑상선암을 포함한 다양한 암종에서 종양관련 대

식세포의 침윤도와 생존율은 밀접한 관련이 있는 것으로 보고되어 종양

관련 대식세포의 중요성이 대두되고 있지만, 현재까지 갑상선암내 에스

트로겐과 종양관련 대식세포에 대한 연구는 전무한 상황이다.  

 

방법: 갑상선암과 대식세포의 공동 배양 환경 내에서 에스트로겐이 갑상

선암 세포의 이동능에 미치는 영향을 알아보기 위해 트랜스웰 실험을 진

행하였다. 또한 대식세포의 분화과정에 에스트로겐이 미치는 영향을 알

아보기 위해 THP-1 유래 대식세포에 에스트로겐을 처리한 뒤 qRT-

PCR을 통해 유전자 발현 정도를 비교하였다. 생체 내 에스트로겐이 갑

상선암의 진행에 미치는 영향을 알아보기 위해 nude 마우스에서 난소제

거술과 모방수술을 진행한 뒤 갑상선암을 정위 이식하였고 종양 크기의 

추적 관찰과 종양내 대식세포의 침윤을 유세포 분석을 통해 확인하였다. 

갑상선암 진행에 미치는 에스트로겐과 대식세포의 효과를 파악하기 위해 

난소제거술 또는 모방수술을 진행한 마우스에 갑상선암 세포 단독 또는 

THP-1 세포를 마우스 피하에 공동 주사하였고 종양의 크기와 대식세

포의 침윤을 유세포 분석을 통해 확인하였다. 

결과: 갑상선암 세포주에 처리하는 에스트로겐 농도가 높아질수록 세포
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의 이동능이 증가한 것을 세포실험을 통해 확인하였다. 갑상선암 세포의 

이동능은 대식세포가 없는 환경에 비해 대식세포가 공동 배양되었을 때 

더욱 증가하였으며, 에스트로겐의 처리는 갑상선암 세포주의 이동능을 

다시 한번 증가시키는 결과를 보였다. 또한 THP-1 유래 대식세포에 에

스트로겐을 처리하였을 때, M1 대식세포와 연관된 유전자 (TNF-a, 

IL-6)의 발현은 증가하였고, M2 대식세포와 연관된 유전자 (CCL22, 

IL-10)의 발현은 감소하는 경향을 확인하였다. 난소제거술을 받은 마우

스는 모방수술 혹은 난소제거 후 에스트로겐을 보충받은 마우스에 비해 

종양이 느리게 진행되며 종양 내 대식세포의 침윤이 비교적 낮다는 결과

를 확인하였다. 또한 난소제거술을 받은 마우스의 경우 갑상선암 단독 

주사와 대식세포 공동 주사 간 종양 발생빈도에서 큰 차이를 보이지 않

은 반면, 모방수술을 받은 마우스에서는 갑상선암 단독 주사에 비해 대

식세포 공동 주사에서 종양 발생빈도가 더욱 높아진 결과를 보였으며 모

방수술을 받은 마우스에 갑상선암 세포와 대식세포를 공동주사 하였을 

때, 종양의 크기와 무게가 가장 높다는 결과를 보였다.  

결론: 본 연구 결과를 통하여 에스트로겐이 종양관련 대식세포의 조절을 

통하여 갑상선암의 진행에 영향을 미치는 것을 확인하였다. 본 연구 결

과는 갑상선암에서 에스트로겐과 종양관련 대식세포의 임상적 의미를 파

악하는데 도움이 될 것이다.   

 

주요어: 갑상선암, 성별 차이, 에스트로겐, 종양관련 대식세포, 

난소제거술, 모방 수술. 
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