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Hashimoto's thyroiditis (HT) is a common autoimmune disease accompanied by lymphocyte infiltration and thyroid tissue destruction. IL-34 was first described in 2008, and its involvement in the development of many autoimmune diseases has been recently identified. However, whether IL-34 is a regulatory factor in HT is unclear. Here, we demonstrate that IL-34 is expressed on thyroid follicular epithelial cells and that IL-34 expression is significantly reduced in thyroid tissue in patients with HT and spontaneous autoimmune thyroiditis (SAT) models. Serum IL-34 levels in patients with HT are also significantly reduced. In addition, IL-34 is associated with thyroid autoantibodies in both thyroid tissue and serum. Furthermore, our data show that IL-34 participates in the apoptosis resistance of thyrocytes in HT induced by CSF-1R and may be a potential indicator for evaluating thyrocyte damage.
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INTRODUCTION

Hashimoto's thyroiditis (HT) is an organ-specific autoimmune disease accompanied by lymphocytic infiltration, elevated concentrations of thyroperoxidase antibody (TPOAb) and thyroglobulin antibody (TgAb), destruction of thyroid follicles (1, 2), and high TPOAb concentrations, which are significantly associated with hypothyroidism (3). These changes may be related to the destruction of thyrocytes caused by TPOAb (4). Apoptosis is a factor involved in the development of HT. Under physiological conditions, apoptosis is an important factor for maintaining homeostasis. However, an increase in apoptosis was observed in the thyroid tissue of patients with HT. During the development of HT, changes occur in the expression of apoptosis-related factors, such as Fas/FasL, caspases, and B cell lymphoma-2 (Bcl-2) (5).

IL-34 was discovered as a ligand for colony-stimulating factor-1 receptor (CSF-1R). Thus, the function of IL-34 is similar to that of macrophage colony-stimulating factor (M-CSF), which includes stimulating monocyte survival, macrophage proliferation (6), and osteoclast formation/differentiation (7). According to current research, IL-34 is observed in various organs and tissues, such as immune organs (spleen and thymus), small intestine, keratinocytes, and hair follicles. Thus far, no studies have suggested that IL-34 is expressed in thyroid tissue or clarified whether IL-34 is involved in the development of HT.

In this study, we observed a decrease in IL-34 expression in patients with HT and a negative correlation with thyroid autoantibodies. In addition, IL-34 reduced thyrocyte apoptosis through the IL-34/CSF-1R/STAT3 pathway. IL-34 may also be a potential marker of thyrocyte injury in HT.

METHODS AND MATERIALS

Mice

NOD.H-2h4 mice were purchased from the Jackson Laboratory (Bar Harbor, ME, USA.). Mice were bred and raised under specific pathogen-free conditions in the animal facility at China Medical University. NOD.H-2h4 mice at 4 weeks of age with a mean weight of 20 g were randomly divided into the control and spontaneous autoimmune thyroiditis (SAT) groups. Mice in the control group (16 mice, 8 per time-point) were given sterile water. SAT group (16 mice, 8 per time-point) were given 0.005% mg/L NaI in their drinking water for 8 or 16 weeks. Each group of mice was killed at 8 and 16 weeks after grouping. All of the animal study procedures were in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals and were performed according to the institutional ethical guidelines. Thyroid tissues were used for HE staining (32 mice, 8 per group), RT-PCR (32 mice, 8 mice per group) and Western blotting (32 mice, 8 per group).

Subjects

This study was carried out in accordance with the recommendations of “the regional Ethics Committee guidelines and institutional policies, the Ethics Committee of China Medical University.” The protocol was approved by “The Ethics Committee of China Medical University (the protocol number was [2014]94).” All subjects gave written informed consent in accordance with the Declaration of Helsinki.

Thyroid tissues were obtained from 23 patients with HT who were undergoing thyroidectomies for treatment. Non-HT thyroid tissues collected from 24 paracancerous tissues from patients without HT as controls. Freshly harvested thyroid tissues were used for immunohistochemical staining (12 patients, 6 per group), RT-PCR (47 patients, 24 patients with HT and 23 patients without HT), and Western blotting (16 patients, 8 per group).

Serum was obtained from 35 patients with HT and 21 healthy controls. Patients included in the HT group were positive for at least one autoantibody. Serum samples were stored at −80°C for subsequent analysis.

Cells and Treatments

Thyroid tissues were obtained from six patients with HT for primary thyrocyte culture, and all of these subjects were euthyroid. The tissue was processed as previously described (8). Fresh thyroid tissue was scissors into small pieces of about 1 mm3 and incubated with Collagenase IV (1.25 mg/ml; Sigma, C1889) in Hank's solution at 37°C for 4 h. Cells suspension was filtered through a nylon cell strainer with 70 μm. The filtrate was centrifuged at 1,000 × g for 5 min. Cells were resuspended in RPMI-1640 containing 10% fetal bovine serum (FBS). Then, thyroid cells were plated in 6-well plates (1 × 106 cells per well). After 24 h the supernatant containing no adherent cells was removed.

Primary thyrocytes and Nthy-ori 3-1 (a human thyroid follicular epithelial cell line from the Health Protection Agency Culture Collections, UK) were cultured in RPMI-1640, 10% FBS and Pen/Strep in 5% CO2 at 37 °C. Different doses of rhIL-34 (from 0 to 50 ng/mL; R&D Systems, Minneapolis, MN, USA) were used at indicated times as stimulators of thyrocytes. Primary thyrocytes were treated with rh-IL-34 (50 ng/mL) alone or plus CSF-1R inhibitor (25 μM; Tocris Cookson, Bristol, UK) for 24 h. Nthy-ori 3-1 were treated with increasing doses of the IFN-γ (from 0 to 1000 IU/mL; R&D Systems, Minneapolis, MN, USA) for 24 h.

Western Blotting

Western blotting was performed as previously described (8). Anti-IL-34 and STAT3 antibodies (1:1,000; Abcam, Cambridge, MA, UK), anti-CSF-1R and p-STAT3 antibodies (1:1,000; Cell Signaling), anti-Bax and Bcl-2 antibodies (1:1,000; BioLegend, San Diego, CA, USA), and anti-GAPDH antibodies (1:1,000; Santa Cruz, Dallas, TX, USA) were used in our study.

Immunohistochemistry

Immunohistochemistry (IHC) was performed as previously described (8). Rabbit anti-human antibody IL-34 antibodies (1:500; Biorbyt LLC, San Francisco, CA, USA) were used at 1:500 dilutions to observe the expression of IL-34 in thyroid tissues. The staining intensity was measured by the Image-Pro Plus 5.0 software (Media Cybernetics, Inc. Silver Spring, MD USA). The mean densitometry of the image is designated as the levels of IL-34 expression.

Measurement of Serum IL-34 Levels

Serum IL-34 levels were measured using an ELISA kit according to the manufacturer's directions (BioLegend, San Diego, CA, USA). Each sample was measured three times.

RNA Isolation and RT-PCR Analysis

We used RT-PCR to detect mRNA expression, as previously described (8).

The following primers were used: human IL-34, F: 5′-TTGACGCAGAATGAGGAGTG-3′; R: 5′-CCCTCGTAAGGCACACTGAT-3′; Mouse IL-34, F: 5′- ATCTACAGGAGGTTCAGACATTGC-3′; R: 5′-AACAGTACAGCAGTTCCATGACC-3′; Human Bcl-2, F: 5′-ACATCCATTATAAGCTGTCGCAGAGG-3′; R: 5′- TGCAGCGGCGAGGTCCTG-3′; Human Bax: F: 5′-GATGCGTCCACCAAGAAGCTGAG-3′; R: 5′-CACGGCGGCAATCATCCTCTG-3′. Human GAPDH: F: 5′-CAGGAGGCATTGCTGATGAT-3′; R: 5′-GAAGGCTGGGGCTCATTT-3′;

Mouse GAPDH: F: 5′-GGTTGTCTCCTGCGACTTCA-3′; R: 5′- TGGTCCAGGGTTTCTTACTCC-3′. The results are shown as the mean ratio of the test molecule/GAPDH±SD.

Flow Cytometry Detection of Apoptosis

Apoptotic thyrocytes were detected using an Annexin V FITC Apoptosis Detection Kit (Dojindo Molecular Technologies, Rockville, MD) according to the manufacturer's directions. Thyrocyte fluorescence was analyzed by a FACS Calibur (BD Biosciences, USA) cytometer with CellQuest software.

Statistical Analysis

All data are presented as the mean ± SD or median. The nonparametric Mann-Whitney test and t-test were performed to compare the variables between groups. Associations were analyzed by using the Spearman correlation test. All graphs were performed using GraphPad Prism software version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). All western blot analysis be scanned and the abundance assessed quantitatively using Image J (NIH Image, Bethesda, MD, USA). All quantitative data analyses were performed using SPSS version 20.0 (IBM, Armonk, New York, USA), and P < 0.05 was considered significant.

RESULTS

Reduced Expression of IL-34 in the Thyroid Tissue of SAT Mice

Thyroid follicles in the control group had a uniform morphology and moderate size. In the SAT groups, thyroid follicles were significantly enlarged, exhibited different morphologies, and contained a large amount of lymphocyte infiltration. We further examined the levels of the IL-34 in control group and SAT group by western blotting and RT-PCR. IL-34 expression was significantly lower in the SAT groups than in the control groups, but there was no difference between the groups treated with NaI water for 16 and 8 weeks (Figure 1).
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FIGURE 1. Representative histographs of HE-stained thyroid frozen sections (×200) and IL-34 expression in thyroid tissues from different groups of NOD.H-2h4 mice. (A) Large amount of lymphocyte infiltration in the SAT groups compared with that in the control groups. (B) IL-34 protein expression in thyroid tissues from different groups and a representative result is shown. (C) IL-34 mRNA expression in thyroid tissues from different groups. The results are shown as the mean ± SD. *p < 0.05 vs. control 8-week group; #p < 0.05 vs. control 16-week group.



IL-34 Expression in Human Thyroid Tissue

IL-34 is expressed in human thyroid follicular epithelial cells. We performed IHC analysis and measured the expression of IL-34 in human thyroid tissue. The result suggests a lower level of IL-34 expression in patients with HT compared to in patients without HT. We detected IL-34 expression in follicular epithelial cells in patients without HT. In contrast, IL-34 expressed in thyroid follicular epithelial cells and infiltrating lymphocytes in the thyroid tissue of patients with HT (Figure 2).
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FIGURE 2. Representative staining of IL-34. IL-34 expression was analyzed by IHC staining of frozen thyroid sections from the non-HT (control) and HT groups. Each photo is representative of at least 6 thyroids examined for each group. (×400). Comparing the mean density of the non-HT and HT groups. #p < 0.05 vs. control.



Reduced IL-34 Expression in the Thyroid Tissue of Patients With Hashimoto's Thyroiditis and Association With TgAb and TPOAb

The clinical features of patients with HT (n = 24) and without HT (n = 23) are shown in Table 1. The level of autoantibodies in the HT group was significantly higher than that in the non-HT group (p < 0.001). There was no significant difference in the levels of TSH, FT4, and FT3 between the HT and non-HT groups. Then, we analyzed the correlation between the mRNA expression of IL-34 in thyroid tissue and thyroid function parameters. IL-34 protein expression in the thyroid tissue of the HT group was significantly lower than that of the non-HT group (Figure 3A), Similarly, IL-34 mRNA expression in the thyroid tissue of the HT group was significantly lower than that of the non-HT group (Figure 3B) and a negative correlation was observed between the mRNA expression of IL-34 and both TPOAb (r = −0.368, p = 0.015) and TgAb (r = −0.356, p = 0.019) (Figure 3C). IL-34 mRNA expression in thyroid tissue has no correlation with TSH (p = 0.151), FT3 (p = 0.630), and FT4 (p = 0.409).


Table 1. Comparison of baseline data between the HT and non-HT groups.
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FIGURE 3. Reduced expression of IL-34 in the thyroid tissue of HT. (A) IL-34 protein expression in the thyroid tissue of the non-HT and HT groups and a representative result is shown. (B) IL-34 mRNA expression in the thyroid tissue of the non-HT (n = 24) and HT groups (n = 23). (C) Correlation of IL-34 mRNA expression with TgAb and TPOAb levels. The results are shown as the mean ± SD.



Reduced Serum IL-34 Levels in Patients With Hashimoto's Thyroiditis and Association With TgAb

The clinical features of patients with HT (n = 21) and healthy controls (n = 35) are shown in Table 1. The level of autoantibodies in the HT group was significantly higher than that in the healthy control group (p < 0.001). As before, we analyzed the correlation between serum IL-34 levels and thyroid function. Serum IL-34 levels in the HT group were significantly lower than those in the healthy control group (p < 0.05) (Figure 4A), and a significant negative correlation was observed between IL-34 and TgAb (r = −0.502, p = 0.021) (Figure 4B). Serum IL-34 levels has no correlation with TPOAb (p = 0.407), TSH (p = 0.07), FT3 (p = 0.268) and FT4 (p = 0.409).
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FIGURE 4. Reduced serum IL-34 levels in HT. (A) Serum IL-34 in patients with HT (n = 21) and healthy controls (n = 35). (B) The correlation between serum IL-34 levels and TgAb was calculated using Spearman's correlation. The results are shown as the mean ± SD.



CSF-1R Contributes to IL-34–Dependent STAT3 Activation

As a result of IL-34 treatment, increased CSF1R expression was found in thyrocytes, and p-STAT3 expression was evidently increased in a dose-dependent manner upon exposure IL-34. These findings suggested that IL-34 stimulation mediates STAT3 activation by binding to CSF1R (Figures 5, 6B).
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FIGURE 5. CSF1R is involved in the biological activities of IL-34. The protein expression levels of CSF1R and p-STAT3/STAT3 were evaluated by Western blotting, which was repeated three times for each experiment. The results are shown as the mean ± SD, and a representative result is shown. *p < 0.05, compared to without IL-34 stimulation group.
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FIGURE 6. Effect of IL-34 on apoptosis of thyrocytes. Thyrocytes from patients with HT were cultured and treated with IL-34 alone or plus of CSF-1R inhibitor for 24 h. (A) The detection of thyrocyte apoptosis by flow cytometric analysis and statistical analysis of apoptotic cells are displayed. A representative result is shown. (B) The protein expression of the Bcl-2/Bax ratio was evaluated by Western blotting, and a representative result is shown. (C) The mRNA expression of the Bcl-2/Bax ratio was evaluated. The results are shown as the mean ± SD; *p < 0.05 and #p < 0.01.



The IL-34/CSF-1R/STAT3 Pathway Is Involved in the Apoptosis Resistance of Thyrocytes in HT

As shown in Figure 6A, flow cytometric analysis demonstrated that treatment with IL-34 significantly decreased thyrocyte apoptosis compared with control (Figure 6A). Following IL-34 treatment, the protein expression of Bcl-2 increased, and the expression of Bax was decreased, resulting in an increased Bcl-2/Bax ratio (Figure 6B). A similar tendency was discovered in the mRNA expression of the Bcl-2/Bax ratio (Figure 6C). Decreased protein expression levels, including p-STAT3/STAT3and Bcl-2/Bax, were observed following treatment with CSF1R inhibitor (Figure 6B), suggesting that the IL-34/CSF-1R/STAT3 pathway is involved in the apoptosis resistance of thyrocytes in HT.

IFN-γ-Mediated Decrease in IL-34 Expression in Nthy-ori 3-1 Cells

IL-34 expression decreased after Nthy-ori 3-1 cells were treated with IFN-γ, and IL-34 expression was significantly lower in the IFN-γ-treated group (treated with an IFN-γ concentration of 1000 UI/mL) than in the untreated group (p < 0.05) (Figure 7). Reduction of IL-34 expression in Nthy-ori 3-1 cells can be observed after Nthy-ori 3-1 cells damage induced by high doses of IFN-γ. We conclude that IL-34 may be associated with damage to thyrocytes.
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FIGURE 7. (A–C) Relative expression of IL-34 in Nthy-ori 3-1 cells cultured in the absence of IFN-γ or after 24 h of exposure to increasing doses of IFN-γ (from 200 to 1,000 UI/mL). The results are shown as the mean ± SD, and each experiment was repeated three times. *p < 0.05, compared to without IFN-γ stimulation group.



DISCUSSION

First, we observed the expression of IL-34 in thyroid tissue in NOD.H-2h4 mice treated with NaI water for 0, 8, and 16 weeks. The expression of IL-34 in thyroid tissue was significantly lower in the SAT group than in the control groups. The expression of IL-34 was lower in the SAT 16-week group than in the SAT 8-week group, but the difference was nonsignificant. This result may have been observed because lymphocyte infiltration were no longer elevated after 12 weeks of treatment with NaI water in SAT mice.

Our study confirms for the first time that the presence of IL-34 in thyroid human tissue, and the expression of IL-34 in the thyroid tissue of patients with HT was significantly lower than that of non-HT patients. Additionally, IL-34 expression in thyroid tissue was negatively correlated with levels of TgAb and TPOAb. The serum levels of IL-34 in patients with HT were also significantly lower than those in healthy controls (~1/2 the level of the healthy control group), but the serum levels of IL-34 were negatively correlated with only the levels of TgAb. TgAb and TPOAb are important markers for the diagnosis of HT. It has been demonstrated that elevated TgAb and TPOAb indicate the disease state of HT and complement-dependent antibody-mediated cytotoxicity that can lead to thyroid tissue damage (4). Since there is a correlation between thyroid autoantibodies and IL-34, we speculated that IL-34 may also be associated with thyroid tissue damage. Thus, we stimulated Nthy-ori 3-1 cells with IFN-γ, and the effect of IFN-γ stimulation on IL-34 expression in Nthy-ori 3-1 cells was observed. IFN-γ is a vital proinflammatory factor in the pathogenesis of HT. After treatment with interferon in patients with hepatitis C, the risk of thyroiditis increases significantly. IFN-γ not only directly and indirectly destroys thyroid tissue but also promotes Th1 cell development and suppression of Th2 cell development (9). In this study, after stimulation of Nthy-ori 3-1 cells with IFN-γ, the expression of IL-34 was significantly reduced, suggesting that IL-34 may be involved in the damage of thyrocytes in HT. In allergic dermatitis, the expression of IL-34 in the skin tissue of patients with skin lesions was significantly lower than that in patients without skin lesions, and the number of Langerhans cells was also significantly reduced (10), indicating IL-34 may be an indicator of tissue damage.

Apoptosis plays an important role in HT. Increased thyroid tissue apoptosis, elevated caspase-3 expression, and decreased autophagy occur in patients with HT (11). In the process of apoptosis of thyroid tissue, the Bcl-2 family and the proapoptotic protein BH3-interacting domain death agonist (Bid) can activate caspase-8 molecules and initiate an endogenous pathway to activate apoptosis to release cytochrome C. Cytochrome C released into the cytoplasm binds to apoptosis-associated factor 1 (APAF-1) in the presence of dATP and promotes the binding of caspase-9 for the formation of apoptotic bodies. Activated caspase-9 can activate other caspases such as caspase-3 and induce apoptosis. The activation of the intrinsic pathway (mitochondria) can also directly damage the basic structure of the cell, such as DNA, and result in metabolic misalignment or the destruction of the cell cycle (12, 13). The homeostasis of thyroid tissue is very important for thyroid thyrocytes. In HT, IL-34 expression in thyroid tissue is significantly reduced. Decreased IL-34 expression in thyroid tissue may be the result of multiple factors. Therefore, we mainly investigated the decreased expression of IL-34 in thyroid tissue and its effect on thyrocytes. In response to stimulation with IL-34, the proportion of apoptotic thyroid cells was significantly reduced, the expression of proapoptosis factor Bax was decreased, the expression of antiapoptosis factor Bcl-2 was increased, and the ratio of Bcl-2/Bax was increased. Our results also proved that IL-34 can mediate the phosphorylation of STAT3 by CSF-1R, and the level of phosphorylated STAT3 increased correspondingly with the increase in the concentration of IL-34. Therefore, we hypothesize that IL-34 activates STAT3 phosphorylation via CSF-1R, thereby inhibiting the apoptosis of thyrocytes in patients with HT. IL-34 has effects on the survival and differentiation of brain microglial cells and skin Langerhans cells (14). Both CD4+ Tregs and CD8+ Tregs can produce IL-34 and participate in the immune tolerance of transplant grafts (15). In inflammatory bowel disease (IBD), IL-34 protects the integrity of the intestinal epithelium, and IL-34-differentiated macrophages show decreased IL-1β and TNF-α expression (16). In addition, CSF-1 and CSF-1R-deficient mice exhibit defects in intestinal epithelial proliferation (17). Therefore, these results suggest that IL-34 plays a protective role in IBD and can maintain the survival and proliferation of intestinal epithelial cells. Moreover, IL-34 may play an inhibitory role in acute or chronic inflammatory diseases rather than cause disease.

In conclusion, this study confirmed the presence of IL-34 in thyroid tissue. In patients with HT, IL-34 expression was significantly reduced in thyroid tissue, and IL-34 mRNA expression in thyroid tissue was negatively correlated with TgAb and TPOAb. Serum IL-34 levels in patients with HT were also significantly reduced, and serum IL-34 levels were negatively correlated with TgAb. IL-34 can reduce the apoptosis of thyrocytes in HT. In addition, high-dose INF-γ stimulation of Nthy-ori 3-1 cells can cause a significant reduction in IL-34 expression. Decreased expression of IL-34 in thyroid tissue also occurred in SAT mice. These results suggest that IL-34 could promote apoptosis resistance in thyrocytes in HT and may be a potential indicator for evaluating thyrocyte damage.

Our study has some limitations. First, IL-34 expression in thyroid tissue was negatively correlated with the levels of TgAb and TPOAb, but the serum levels of IL-34 were negatively correlated with only the levels of TgAb. At present, the mechanism of how TgAb and TPOAb work in HT is not clear. Therefore, we are unable to explain the reasons for this result. Second, in vitro studies do not fully represent studies in vivo. Nevertheless, in vitro studies are necessary and widely accepted to provide safety information for future in vivo study.

AUTHOR CONTRIBUTIONS

SW, YoL, ZS, WT, and YuL contributed conception and design of the study. SW, NZ, and MH organized the database. SW and XC performed the statistical analysis. SW and NZ wrote the first draft of the manuscript. SW and MH wrote sections of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.

FUNDING

This work was supported by the Chinese National Natural Science Foundation (Grant no. 81471003), the Chinese National Natural Science Foundation (Grant no. 81770784), the Foundation of Liaoning Educational Committee (Grant no. LK201660).

ACKNOWLEDGMENTS

We thank Dr. Guan for her providing Nthy-ori 3-1 cells.

REFERENCES

 1. McLeod DSA, Cooper DS. The incidence and prevalence of thyroid autoimmunity. Endocrine (2012) 42:252–65. doi: 10.1007/s12020-012-9703-2

 2. Caturegli P, De Remigis A, Rose NR. Hashimoto thyroiditis: clinical and diagnostic criteria. Autoimmun Rev. (2014) 13:391–7. doi: 10.1016/j.autrev.2014.01.007

 3. Valdes S, Maldonado-Araque C, Lago-Sampedro A, Lillo JA, Garcia-Fuentes E, Perez-Valero V, et al. Population-based national prevalence of thyroid dysfunction in Spain and associated factors: diabetes study. Thyroid (2017) 27:156–66. doi: 10.1089/thy.2016.0353

 4. Chiovato L, Bassi P, Santini F, Mammoli C, Lapi P, Carayon P, et al. Antibodies producing complement-mediated thyroid cytotoxicity in patients with atrophic or goitrous autoimmune thyroiditis. J Clin Endocrinol Metab. (1993) 77:1700–5.

 5. Wang SH, Van AM, Kuick R, Gauger PG, Doherty GM, Fan YY, et al. Microarray analysis of cytokine activation of apoptosis pathways in the thyroid. Endocrinology (2007) 148:4844–52. doi: 10.1210/en.2007-0126

 6. Lin H, Lee E, Hestir K, Leo C, Huang M, Bosch E, et al. (2008). Discovery of a cytokine and its receptor by functional screening of the extracellular proteome. Science 320:807–11. doi: 10.1126/science.1154370

 7. Baud'Huin M, Renault R, Charrier C, Riet A, Moreau A, Brion R, et al. Interleukin-34 is expressed by giant cell tumours of bone and plays a key role in RANKL-induced osteoclastogenesis. J Pathol. (2010) 221:77–86. doi: 10.1002/path.2684

 8. Feng C, Gao Y, Wang C, Yu X, Zhang W, Guan H, et al. Aberrant overexpression of pyruvate Kinase M2 is associated with aggressive tumor features and the BRAF mutation in papillary thyroid cancer. J Clin Endocrinol Metab. (2013) 98:E1524–33. doi: 10.1210/jc.2012-4258

 9. Seder RA, Paul WE. Acquisition of lymphokine-producing phenotype by CD4+ T cells. Annu Rev Immunol. (1994) 12:635–73. doi: 10.1146/annurev.iy.12.040194.003223

 10. Esaki H, Ewald DA, Ungar B, Rozenblit M, Zheng X, Xu H, et al. Identification of novel immune and barrier genes in atopic dermatitis by means of laser capture microdissection. J Allergy Clin Immunol. (2015) 135:153–63. doi: 10.1016/j.jaci.2014.10.037

 11. Xu C, Wu F, Mao C, Wang X, Zheng T, Bu L, et al. Excess iodine promotes apoptosis of thyroid follicular epithelial cells by inducing autophagy suppression and is associated with Hashimoto thyroiditis disease. J Autoimmun. (2016) 75:50–7. doi: 10.1016/j.jaut.2016.07.008

 12. Bossowski A, Czarnocka B, Stasiak-Barmuta A, Bardadin K, Urban M, Dadan J. Analysis of Fas, FasL and Caspase-8 expression in thyroid gland in young patients with immune and non-immune thyroid diseases. Endokrynol Pol. (2007) 58:303–13.

 13. Lacka K, Maciejewski A. The role of apoptosis in the etiopathogenesis of autoimmune thyroiditis. Pol Merkur Lekarski. (2012) 32:87–92.

 14. Khoshnan A, Sabbaugh A, Calamini B, Marinero SA, Dunn DE, Yoo JH, et al. IKKβ and mutant huntingtin interactions regulate the expression of IL-34: implications for microglial-mediated neurodegeneration in HD. Hum Mol Genet. (2017) 26:4267–77. doi: 10.1093/hmg/ddx315

 15. Bézie S, Picarda E, Ossart J, Tesson L, Usal C, Renaudin K, et al. IL-34 is a Treg-specific cytokine and mediates transplant tolerance. J Clin Invest. (2015) 125:3952–64. doi: 10.1172/JCI81227

 16. Zwicker S, Gisele LM, Bosma M, Gerling M, Clark R, Majster M, et al. Interleukin 34: a new modulator of human and experimental inflammatory bowel disease. Clin Sci. (2015) 129:281–90. doi: 10.1042/CS20150176

 17. Huynh D, Akçora D, Malaterre J, Chan CK, Dai X-M, Bertoncello I, et al. CSF-1 receptor-dependent colon development, homeostasis and inflammatory stress response. PLoS ONE (2013) 8:e56951. doi: 10.1371/journal.pone.0056951

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2018 Wang, Liu, Zhao, Cui, Huang, Li, Shan and Teng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fendo-09-00629-g005.gif
CsFR
pomars

sy

P






OPS/images/fendo-09-00629-g006.gif





OPS/images/fendo-09-00629-g003.gif





OPS/images/fendo-09-00629-g004.gif
@ (et w00






OPS/images/fendo-09-00629-g007.gif





OPS/images/fendo-09-00629-t001.jpg
Control (n = 59)

Age (years) 46.01 12,26
Gender (F/M) 47112

BMI (kg/m?) 2847 +£1.17
TSH (mU/ml) 1,59 (1.10-2.39)
FT3 (pmol/L) 4.59 = 0.55
FT4 (pmolL) 14.74£2.19
TPOAD (IU/mL) 0.40 (0.21-0.65)
TgAb (U/mL) 1.33(1.10-2.27)

HT, Hashimoto’s thyroidlitis.

HT (n=44) P

4602 £ 11.20 0479
404 0.170
24.03+3.21 0761
1.71 (1.07-3.91) 0326
4.36 +£0.62 0.647
14.13:£238 0846
102.63(5.53-304.96) <0001
2901(9.76-22591)  <0.001





OPS/images/fendo-09-00629-g001.gif





OPS/images/fendo-09-00629-g002.gif
control






OPS/images/cover.jpg
’ frontiers
in Endocrinology

IL-34 Expression Is Reduced in
Hashimoto’s Thyroiditis and
Associated With Thyrocyte Apoptosis









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Endocrinology





