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Causal role of immune cells in
Hashimoto's thyroiditis:
Mendelian randomization study

Zhendan Zhao, Yuehua Gao, Xiaoqing Pei, Wenhao Wang
and Huawei Zhang*

Department of Ultrasound, Shandong Provincial Hospital Affiliated to Shandong First Medical
University, Jinan, China

Objectives: Hashimoto's thyroiditis (HT) is a common autoimmune disease
whose etiology involves a complex interplay between genetics and
environment. Previous studies have demonstrated an association between
immune cells and HT. However, the casual relationship was not clear. We
aimed to explore the causal associations between signatures of immune cells
and HT.

Methods: In this study, bidirectional two-sample Mendelian randomization (MR)
analysis was conducted to investigate the potential causal relationship between
731 immune cell signatures and HT by using genome-wide association study
(GWAS) data. Heterogeneity and horizontal pleiotropy were detected through
extensive sensitivity analyses.

Results: The increased levels of six immune phenotypes were observed to be
causally associated with increased risk of HT P < 0.01, which were CD3 on CM
CD8br, CD3 on CD39+ secreting Treg, HLA DR on CD33dim HLA DR+ CD11b—,
CD3 on CD4 Treg, CD62L- plasmacytoid DC %DC, and CD3 on CD45RA+ CD4+.
In addition, the levels of FSC-A on HLA DR+ T cell and CD62L on monocyte were
associated with disease risk of HT P < 0.01. In addition, HT also had causal effects
on CD3 on CM CD8br, CCR2 on monocyte, CD25 on CD39+ resting Treg, and
CCR2 on CD62L+ myeloid DC P < 0.05.

Conclusions: In this study, we demonstrated the genetic connection between

immune cell traits and HT, thereby providing guidance and direction for future
treatment and clinical research.

KEYWORDS

immunity, Hashimoto's thyroiditis, Mendelian randomization, causal inference, thyroid

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1352616/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1352616/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1352616/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2024.1352616&domain=pdf&date_stamp=2024-05-13
mailto:zhanghuawei@sdfmu.edu.cn
mailto:slyyzhw@163.com
https://doi.org/10.3389/fendo.2024.1352616
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2024.1352616
https://www.frontiersin.org/journals/endocrinology

Zhao et al.

1 Introduction

As one of the most common autoimmune disorders in the world,
Hashimoto’s thyroiditis (HT) is characterized by lymphocyte
infiltration and thyroid autoantibodies such as against thyroid
peroxidase (anti-TPO) or thyroglobulin (anti-TG), which eventually
leads to thyroid fibrosis and hypothyroidism (1, 2). According to
statistics, there are 0.3-1.5 cases of HT per 1,000 people worldwide,
with a male-to-female ratio of 1:7-10 (3). HT is the most common
cause of hypothyroidism in iodine-sufficient areas (4). In the current
state of science, there are few, if any, effective treatments available for
people with HT in addition to thyroid hormone replacement (5). Thus,
a better understanding of pathogenesis of HT is vital for the
development of more effective treatments.

A growing number of studies have revealed the complex
relationships between immune system and HT (6). Laboratory
studies demonstrated that Treg cell deficiency was associated with
infiltration of the thyroid gland, which could lead to thyroid cell
apoptosis and hypothyroidism (7, 8). In addition, Breg cells appears
to be involved in HT progression, although its mechanism of action
is not yet fully understood (9, 10). In addition, several
polymorphisms of cytokine genes, such as IL1 and IL17, were
reported to be associated with the production of anti-TPO, which
suggests that these cytokines participated in HT progression (11,
12). Although the close relationship between HT and immune
system was identified by numerous observation studies, whether
this association was causal still remains unknown.

Because genetic variants are randomly allocated at conception,
the two-sample Mendelian randomization (MR) method can be
used to evaluate the potential causal effect between an exposure and
an outcome based on genetic variants, which reduces the effect of
confounding factors and conquers reverse causality (13, 14). To
further explore the causal relationship between immune cell
signature and HT, a bidirectional two-sample MR analysis was
conducted to examine the influence of immune cells on HT.

2 Methods
2.1 Study design

Two-sample bidirectional MR analysis was performed to evaluate
the causal association between 731 immune cell signatures (seven
groups) and HT. In MR analysis, single-nucleotide polymorphisms
(SNPs) are used as instrumental variables to estimate the causal impact
of exposure variables. Thus, it is essential that the valid instrumental
variables (IVs) meet the following three core assumptions (1): IVs are
highly associated with exposure (2); IVs must be unrelated to
confounders (3); the IVs influence the outcome only via the exposure.

2.2 Exposure and outcome data sources

For each immune trait, full genome-wide association study
(GWAS) summary statistics are publicly available through the
GWAS Catalog server at https://www.ebi.ac.uk/gwas/home (accession
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number from GCST90001391 to GCST90002121) (15). These GWAS
data involve 3,757 subjects of Europeans, which reports the influence of
22 million variants on 731 immune cell signatures.

GWAS summary statistics for HT were acquired from study of
Sakaue et al. (16). The data consist 395,640 cases and 379,986 controls
of European ancestry. It was not necessary to obtain ethical approval
for this study that used publicly available GWAS summary statistics.

2.3 Selection of instrumental variables

The threshold of significance of IVs for each immunotype was set
tolx107° according to recent research (15, 17). A threshold value of
0.001 was applied to the linkage disequilibrium parameter (R®) in order
to select the relevant SNPs. To ensure independence and eliminate the
effect of linkage of disequilibrium on the results, a genetic distance of
10,000 kb was set. All of the above operations were performed by using
R package “TwoSampleMR”. Furthermore, we conducted a reverse-
direction-MR analysis to examine the possibility of reverse-direction
causal relationships. For immune cell traits, the significance level was
adjusted to 5 x 107%,

2.4 Statistical analysis

All analyses were conducted in R (version 4.0.3).

We estimated the causal relationship between immune cell
traits and HT using an inverse variance weighted (IVW-random),
MR-Egger, and weighted median method and MR pleiotropy
residual sum and outlier (MR-PRESSO) test. Among these, the
IVW method is the primary approach.

For IVW ratio method MR, the Wald estimator was used to
generate MR estimates for each SNP and exposure and outcome
associations were both estimated with standard errors based on the
Delta method (18). Cochran’s Q statistics were conducted to
examine the heterogeneity among estimates between each SNP,
and if there is statistical heterogeneity among the findings (P <
0.05), we will select a random-effects model, and otherwise, a fixed-
effects model will be used (19). Second, P > 0.05 indicated that there
was no horizontal pleiotropy by using the intercept test of MR-
Egger (20). In addition, we used the weighted median estimator,
which allows the use of invalid instruments when at least half of the
instruments are valid in the MR analysis (21). As an additional
measure of robustness to the presence of heterogeneity among SNP
effects, MR-PRESSO was employed in order to produce an MR
estimate (22). As a visual inspection of symmetry and effect
estimates, funnel plots and scatter plots were analyzed.

3 Result

3.1 Exploration of the causal effect of
immunophenotypes on HT onset

We examined the causal effect of immune cells on HT by using
the two-sample MR analysis. When the P-value was set at P < 0.05,
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a total of 34 immunophenotypes were identified. Of those, top 8 of
them are shown in Figure 1. As shown in Figure 1, the level of CD3
on CD39+ secreting Treg was related to increased susceptibility of
HT [odds ratio (OR) = 1.063, 95% confidence interval (CI) = 1.023-
1.1015, P = 0.002]. In addition, the level of CD3 on CM CD8br
increased the risk of HT (OR = 1.094, 95% CI = 1.040-1.150, P =
0.00048). HLA DR on CD33dim HLA DR+ CDI11b- was also
observed to be positively associated with the risk of HT (OR = 1.095,
95% CI = 1.032-1.162, P = 0.002). For CD3 on CD4 Treg, a positive
association was observed (OR = 1.075, 95% CI = 1.018-1.135, P =
0.01), which was consistent with weight median (OR = 1.096, 95%
CI = 1.035-1.160, P = 0.002). The causal effect of CD62L-
plasmacytoid DC %DC on HT was estimated to be 1.052 (95% CI
= 1.012-1.093, P = 0.001). This association was, however, not
supported by the weighted median approach (OR = 1.041, 95%
CI =0.984-1.100, P = 0.163). Additionally, CD3 on CD45RA+ CD4
+ was also found to be positively related to the increased risk of HT
onset (OR = 1.041, 95% CI = 1.009-1.075, P = 0.012), but the
association was not supported by weighted median (OR = 1.039,
95% CI = 0.994-1.086, P = 0.087) and MR Egger (OR = 1.038, 95%
CI=0.992-1.086, P = 0.119). However, the levels of FSC-A on HLA
DR+ T cell (OR = 0.935, 95% CI = 0.891-0.981, P = 0.006) and
CD62L on monocyte (OR = 0.963, 95% CI = 0.937-0.990, P = 0.008)
were associated with disease risk of HT, which suggests the
protective role of FSC-A on HLA DR+ T cell and CD62L on
monocyte in HT. Details of the MR results and results of
heterogeneity and pleiotropy are provided in Supplementary
Table S1. Detailed information about SNP exceeding the
threshold level is listed in Supplementary Table S2. We also
provided the scatter plots and funnel plots for better
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demonstration of causality and identification of heterogeneity
(Supplementary Figure 1).

3.2 Exploration of the causal effect of HT
on immunophenotypes

To determine whether the results could be explained by reverse
causality, we performed MR analysis in the reverse direction. Four
immunophenotypes were detected at P < 0.05: CD3 on CM CD8br
(maturation stages of the T-cell panel), CCR2 on monocyte (monocyte
panel), CD25 on CD39+ resting Treg (Treg panel), and CCR2 on
CD62L+ myeloid DC (cDC panel) (Figure 2). Specifically, the OR of
HT on CD3 on CM CD8br risk was estimated to be 0.853 (95% CI =
0.758-0.961, P = 0.009) by using the IVW method. A similar result was
observed by performing the MR-PRESSO approach (OR = 0.853, 95%
CI = 0.816-0.890, P = 0.026). In addition, results from the IVW
method revealed that HT onset could decrease the level of CCR2 on
monocyte (OR = 0.875, 95% CI = 0.773-0.990, P = 0.035), which was
consistent with MR Egger (OR = 0.875, 95% CI = 0.893-0.911, P =
0.046). We also found that the risk of HT was negatively associated
with the level of CD25 on CD39+ resting Treg (OR = 0.891, 95% CI =
0.798-0.996, P = 0.042) under the IVW model. A similar association
was found for CCR2 on CD62L+ myeloid DC (OR = 0.864, 95% CI =
0.748-0.999, P = 0.049). Detailed results of reverse MR analysis as well
as results of heterogeneity and pleiotropy test are shown in
Supplementary Table S3. Information of SNPs used for these four
immune cell traits is listed in Supplementary Table S4. Scatter plots
and funnel plots also indicated the stability of the results
(Supplementary Figure 2).

Traits Methods OR(95%Cl) P-value
CD3 on CM CD8br Inverse variance weighted  1.094 (1.040-1.150) - 4.75E-04
Weighted median 1.124 (1.051-1.202) - 6.57E-04

MR-PRESSO 1.094 (1.082-1.105) L] 0.003

MR Egger 1.117 (1.006-1.239) - 0.053

CD3 on CD39+ secreting Treg Inverse variance weighted  1.063 (1.023-1.105) - 0.002

Weighted median 1.082 (1.023-1.145) n 0.006

MR-PRESSO 1.063 (1.056-1.071) - 0.004

MR Egger 1.074 (1.005-1.147) - 0.046

HLA DR on CD33dim HLA DR+ CD11b-  Inverse variance weighted 1.095 (1.032-1.162) - 0.002

Weighted median 1.057 (1.001-1.117) - 0.047

MR-PRESSO 1.095 (1.081-1.109) L] 0.008

MR Egger 1.139 (0.999-1.298) - 0.069

FSC-A on HLA DR+ T cell Inverse variance weighted  0.935 (0.891-0.981) - 0.006

Weighted median 0.953 (0.892-1.019) - 0.160

MR-PRESSO 0.935 (0.925-0.945) - 0.012

MR Egger 0.973 (0.907-1.045) - 0.463

CD62L on monocyte Inverse variance weighted  0.963 (0.937-0.990) - 0.008

Weighted median 0.972 (0.931-1.014) - 0.191

MR-PRESSO 0.963 (0.958-0.968) L] 0.008

MR Egger 0.980 (0.945-1.017) - 0.292

CD3 on CD4 Treg Inverse variance weighted  1.075 (1.018-1.135) - 0.010

Weighted median 1.096 (1.035-1.160) - 0.002

MR-PRESSO 1.075 (1.057-1.092) - 0.030

MR Egger 1.076 (0.967-1.196) . 0215

CD62L- plasmacytoid DC %DC Inverse variance weighted  1.052 (1.012-1.093) - 0.001

Weighted median 1.041 (0.984-1.100) - 0.163

MR-PRESSO 1.052 (1.044-1.059) L] 0.007

MR Egger 1.064 (1.008-1.123) - 0.037

CD3 on CD45RA+ CD4+ Inverse variance weighted  1.041 (1.009-1.075) - 0012

Weighted median 1.039 (0.994-1.086) - 0.087

MR-PRESSO 1.041 (1.036-1.047) L} 0.018

MR Egger 1.038 (0.992-1.086) . 0.119

FIGURE 1

Forest plots showed the causal effects of immune cell traits on HT by using different methods. MR-PRESSO, Mendelian Randomization Pleiotropy

Residual Sum and Outlier; OR, adds ratio; Cl, confidence interval.
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Traits Methods OR(95%Cl)
CD3 on CM CD8br Inverse variance weighted  0.853 (0.758-0.961)
Weighted median 0.870 (0.752-1.007)
MR-PRESSO 0.853 (0.816-0.890)
MR Egger 0.691 (0.486-0.982)
CCR2 on monocyte Inverse variance weighted  0.875 (0.773-0.990)
Weighted median 0.933 (0.795-1.095)
MR-PRESSO 0.898 (0.722-1.116)
MR Egger 0.875 (0.839-0.911)
CD25 on CD39+ resting Treg  Inverse variance weighted  0.891 (0.798-0.996)
‘Weighted median 0.847 (0.731-0.981)
MR-PRESSO 0.891 (0.864-0.918)
MR Egger 1.015 (0.730-1.412)
CCR2 on CD62L+ myeloid DC  Inverse variance weighted 0.864 (0.748-0.999)
Weighted median 0.887 (0.754-1.042)
MR-PRESSO 0.864 (0.818-0.910)
MR Egger 0.921 (0.586-1.448)

FIGURE 2

10.3389/fendo.2024.1352616

P-value

L 0.009
[ ] 0.061
L 0.026
a 0.073
L 0.035
L] 0.397

[ ] 0357
L 0.046
=] 0.042
o 0.027
a 0.028
r 0.931

] 0.049
L] 0.145
L] 0.08
o 0731

Forest plots showed the causal effects of HT on immunotypes. MR-PRESSO, Mendelian Randomization Pleiotropy Residual Sum and Outlier; OR,

adds ratio; Cl, confidence interval.

4 Discussion

The lymphocytic infiltration in the thyroid gland represented
the principal feature of HT; in this way, the thyroid gland can be
invaded by lymphocytic cells, which leads to follicular atrophy
hyperemia accompanied by oncocytic metaplasia of follicular cells
and eventually hypothyroidism (23, 24). Multiple lines of evidence
have suggested that immune cells exert function in developments of
HT. In a cross-sectional study, the investigators extracted peripheral
blood mononuclear cells from both HT patients and healthy
controls and the results showed that the percentage of Treg cells
was significantly lower in HT patients (8). Another study identified
an upregulation of Breg cells but a downregulation of their
regulatory activity in HT patients (9, 10). However, whether there
is a cause-and-effect relationship is still unclear.

For the first time, we used the GWAS summary data to analyze
the causality between the 731 immune cell traits and HT. To the
best of our knowledge, this is the first MR study to explore the
causal associations between immunotypes and HT. In this study,
among 731 immunotypes, 8 immunotypes had significant causal
effects on HT (P < 0.01) and HT was found to have causal effects on
four immunotypes (P < 0.05).

As mentioned above, T cells play an essential role in all stages of
the development of HT. The CD3 molecule is identified as the T-
cell-specific marker which is involved in T-cell development and
signaling (25). It is well known that T cells can be divided into two
distinct functional subtypes: the CD4+ T helper cells (Th) and the
CD8+ cytotoxic T lymphocytes (CTL) (26). According to the
difference of surface molecular and endogenous cytokines, CD4
+T cells could be classified into several subsets including Th1, Th2,
Th9, Th17, Th22, and Tregs (27). Many lines of evidence suggest
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that the balance between Th17 and Treg cells play a crucial role in
progression of HT (28-30). The ratio of Th17/Treg increases as HT
progresses, which is consistent with our research findings that the
susceptibility of HT was negatively correlated with the level of CD25
on CD39+ resting Treg (31). However, the role of Tregs in
occurrence of HT is still less defined. In our study, levels of three
types of Tregs (CD3 on CD39+ secreting Treg, CD3 on CD4 Treg,
and CD3 on CD45RA+ CD4+) were identified to be positively
associated with the risk of HT. Foxp3 is the specific marker of Treg
cells (32). It has been shown that genetic polymorphisms of Foxp3
increased the susceptibility of HT in Caucasian women, which
could partly explain our results (33). In addition, we found that
onset of HT was associated with greater proportions of CD3 on CM
CD8br. CD3 on CM CD8br is a type of maturation stage of T cell
that derived from bone marrow (34). There is evidence showing
that CCR7 mediated the recruitment of mature T cells into the
thyroid gland and hence promoted the formation of tertiary
structures, which play an important role in HT (35). In addition,
our findings reveal that the occurrence of HT decrease the level of
CD3 on CM CD8br. This may be attributed to the persistent antigen
stimulation leading to T-cell exhaustion in HT (36).

Macrophages are heterogeneous and can differentiate toward
various phenotypes under different stimulations (37). Phenotype
M1 is pro-inflammatory and can clear necrotic cell debris through
releasing pro-inflammatory factors, whereas M2 is an anti-
inflammatory phenotype which can facilitate tissue repair and
remodeling in the reparative stage of inflammation (38). IL4 is a
well-known cytokine that polarizes macrophages to M2 type (39).
An animal experiment showed that the ectopic expression of IL4 in
thyroid cells increased the incidence of HT and aggravated the
severity of HT. Compared with the wild type, mice overexpressing
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IL4 in the thyroid exhibited more infiltrations of macrophages (40).
From this, we speculated that IL4 promoted progression of HT
through motivating M2 macrophage polarization. However, our
results could not prove that macrophages have a causal relationship
with HT, and more studies are needed to prove these aspects.

The dendritic cell (DC) is one of the antigen-presenting cells
which could coordinate adaptive immunity and innate immunity
(41). Depending on developmental origin, surface marker, and
committing transcription factors, DCs can be divided into
classical DCs (cDCs), plasmacytoid DCs (pDCs), and monocyte-
derived DCs (moDCs) (42). In our study, we found that the risk of
HT increased with an increase in the proportion of CD62L—
plasmacytoid DC %DC. It was discovered that the density of
plasmacytoid dendritic cells was significantly increased in patients
with HT compared with controls and the density of plasmacytoid
dendritic cells was positively associated with the progression of HT
(43). These previous findings are consistent with the result of our
present study, indicating that plasmacytoid cells play a critical role
in the pathogenesis of HT. Notably, the presence of HT was found
to be associated with decreased CCR2 on monocyte and CCR2 on
CD62L+ myeloid DC. CCR2 are structurally chemokine receptors
which can exert either proinflammatory or anti-inflammatory
effects depending on the cellular context (44, 45). To date, there
has been limited research on the role of CCR2 in HT. There are
reports proving that the concentration of serum CCR2 ligands was
higher in healthy controls compared with patients with
autoimmune disorders such as multiple sclerosis (46, 47). These
findings combined with our results let us to speculate that CCR2
may play an anti-inflammatory role in HT.

HLA DR, an MHC class II cell surface receptor, is encoded by
the human leukocyte antigen complex on chromosome 6 region
6P21 (48). Several studies have shown that HLA DR+ thyroid
epithelial cells exerted an situ stimulation effect on the immune
system within the thyroid gland of patients with HT (49, 50). In our
study, we found that HLA DR on CD33dim HLA DR+ CDI11b-in
the myeloid cell panel was associated with increased HT risk, which
suggesting HLA DR+ myeloid cell may play a causative role for HT.
However, the effect of FSC-A on the HLA DR+ T cell is opposite to
the effect of HLA DR on CD33dim HLA DR+ CD11b- in our study.
FSC-A is a morphological parameter; thus, the result suggests that
the immune cells morphology might affect their function.

Previous study has identified hub genes with high diagnostic
accuracy in HT by the bioinformatic method, and immune profiling
revealed that the infiltration of monocyte was inversely associated
with the expression of hub genes. This is in agreement with our
finding that the risk of HT decreases as the level of CD62L on
monocyte increase (51).

TPO is a key enzyme for synthesizing the thyroid hormone (52).
It is demonstrated by in vitro experiments that anti-TPO could
injure thyroid follicular cells through the antibody-dependent
cytotoxic mechanism (53). TG is a type of glycoprotein mainly in
the thyroid follicular epithelium. A large amount of TG is released
when thyroid tissue damage occurs, and the level of anti-TG also
increases (54). However, the immunological mechanism underlying
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the effects of anti-TG in HT is unclear therefore further research is
still required.

We have to admit that our research has limitations. First of all,
the single population from the Europeans may limit the
generalization of our results to other populations. Secondly, due
to the lack of individual data such as age or gender, we were unable
to perform stratified analysis in this study. Finally, the substantial
causal relationship between immune features and HT needs to be
further explained due to lack of direct biological evidence.

5 Conclusion

In conclusion, this MR study offers genetic evidence for a
potential association between immune cell traits and HT. In
future studies, animal experiments and large-scale clinical
randomized controlled trials are needed to elucidate the
underlying mechanism linking these immune cell traits and HT.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and the institutional requirements.

Author contributions

7Z: Conceptualization, Writing - original draft, Writing -
review & editing. YG: Writing - review & editing. XP: Data
curation, Writing - review & editing. WW: Data curation,
Writing - review & editing. HZ: Conceptualization, Writing -
original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by the Natural Science Research Foundation of
Shandong Province (no. ZR2023QH508 and no. ZR2023MH002)
and the Incubation Foundation of Shandong Provincial Hospital
(no. 2022FY121).

frontiersin.org


https://doi.org/10.3389/fendo.2024.1352616
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhao et al.

Acknowledgments

We are grateful to all the studies that have made the public
GWAS summary data available.

Conflict of interest

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.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or

References

1. Klubo-Gwiezdzinska J, Wartofsky L. Hashimoto thyroiditis: an evidence-based
guide to etiology, diagnosis and treatment. Pol Arch Intern Med. (2022) 132:16222.
doi: 10.20452/pamw.16222

2. HuX, Wang X, Liang Y, Chen X, Zhou S, Fei W, et al. Cancer risk in hashimoto's
thyroiditis: A systematic review and meta-analysis. Front Endocrinol (Lausanne).
(2022) 13:937871. doi: 10.3389/fendo.2022.937871

3. Hu X, Chen Y, Shen Y, Tian R, Sheng Y, Que H. Global prevalence and
epidemiological trends of hashimoto's thyroiditis in adults: A systematic review and
meta-analysis. Front Public Health. (2022) 10:1020709. doi: 10.3389/fpubh.2022.1020709

4. Salazar-Viedma M, Vergafio-Salazar JG, Pastenes L, D'Afonseca V. Simulation
model for hashimoto autoimmune thyroiditis disease. Endocrinology. (2021) 162:
bqab190. doi: 10.1210/endocr/bqab190

5. Martinez Quintero B, Yazbeck C, Sweeney LB. Thyroiditis: evaluation and
treatment. Am Fam Physician. (2021) 104:609-17.

6. Huang CY, Chang TY, Chu CC, Lo FS, Ting WH, Lin CH, et al. The hla-B gene
and hashimoto disease in han chinese children: A case-control and family-based study.
Tissue Antigens. (2012) 80:431-6. doi: 10.1111/tan.12003

7. Saitoh O, Nagayama Y. Regulation of graves' Hyperthyroidism with naturally
occurring cd4+Cd25+ Regulatory T cells in a mouse model. Endocrinology. (2006)
147:2417-22. doi: 10.1210/en.2005-1024

8. HuY, Zhang L, Chen H, Liu X, Zheng X, Shi H, et al. Analysis of regulatory T cell
subsets and their expression of helios and pd-1 in patients with hashimoto thyroiditis.
Int ] Endocrinol. (2019) 2019:5368473. doi: 10.1155/2019/5368473

9. Santaguida MG, Gatto I, Mangino G, Virili C, Stramazzo I, Fallahi P, et al. Breg
cells in hashimoto's thyroiditis isolated or associated to further organ-specific
autoimmune diseases. Clin Immunol (Orlando Fla). (2017) 184:42-7. doi: 10.1016/
j.clim.2017.04.012

10. YuS, Qi Y, Wang H, Jiang J, Sun L, Zhou Q. Dysfunction of cd24+Cd38+ B cells
in patients with hashimoto's thyroiditis is associated with a lack of interleukin 10. Int |
Biochem Cell Biol. (2017) 90:114-20. doi: 10.1016/j.biocel.2017.08.002

11. Yan N, Yu Y-L, Yang J, Qin Q, Zhu Y-F, Wang X, et al. Association of
interleukin-17a and -17f gene single-nucleotide polymorphisms with autoimmune
thyroid diseases. Autoimmunity. (2012) 45:533-9. doi: 10.3109/08916934.2012.702814

12. Zaaber I, Mestiri S, Marmouch H, Mahjoub S, Abid N, Hassine M, et al.
Polymorphisms in tshr and illrn genes and the risk and prognosis of hashimoto's
thyroiditis. Autoimmunity. (2014) 47:113-8. doi: 10.3109/08916934.2013.866101

13. Davey Smith G, Hemani G. Mendelian randomization: genetic anchors for
causal inference in epidemiological studies. Hum Mol Genet. (2014) 23:R89-98.
doi: 10.1093/hmg/ddu328

14. Emdin CA, Khera AV, Kathiresan S. Mendelian randomization. JAMA. (2017)
318:1925-6. doi: 10.1001/jama.2017.17219

Frontiers in Endocrinology

10.3389/fendo.2024.1352616

claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1352616/
full#supplementary-material

SUPPLEMENTARY TABLE 1
MR results as well as heterogeneity and pleiotropy results of the causal effect
of immune cells on HT (P<0.05)

SUPPLEMENTARY TABLE 2
Detailed information about SNPs associated with immune cell traits
whose P<0.05

SUPPLEMENTARY TABLE 3
Results of MR and results of heterogeneity and pleiotropy of causal
relationship between HT and immunotypes

SUPPLEMENTARY TABLE 4
Detailed information about SNPs of immunotypes which are causally affected
by HT

15. Orru V, Steri M, Sidore C, Marongiu M, Serra V, Olla S, et al. Complex genetic
signatures in immune cells underlie autoimmunity and inform therapy. Nat Genet.
(2020) 52:1036-45. doi: 10.1038/s41588-020-0684-4

16. Sakaue S, Kanai M, Tanigawa Y, Karjalainen J, Kurki M, Koshiba S, et al. A cross-
population atlas of genetic associations for 220 human phenotypes. Nat Genet. (2021)
53:1415-24. doi: 10.1038/s41588-021-00931-x

17. Yu XH, Yang YQ, Cao RR, Bo L, Lei SF. The causal role of gut microbiota in
development of osteoarthritis. Osteoarthritis Cartilage. (2021) 29:1741-50.
doi: 10.1016/j.joca.2021.08.003

18. Burgess S, Small DS, Thompson SG. A review of instrumental variable estimators
for mendelian randomization. Stat Methods Med Res. (2017) 26:2333-55. doi: 10.1177/
0962280215597579

19. Greco M FD, Minelli C, Sheehan NA, Thompson JR. Detecting pleiotropy in
mendelian randomisation studies with summary data and a continuous outcome. Stat
Med. (2015) 34:2926-40. doi: 10.1002/sim.6522

20. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through egger regression. Int |
Epidemiol. (2015) 44:512-25. doi: 10.1093/ije/dyv080

21. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in
mendelian randomization with some invalid instruments using a weighted median
estimator. Genet Epidemiol. (2016) 40:304-14. doi: 10.1002/gepi.21965

22. Verbanck M, Chen C-Y, Neale B, Do R. Detection of widespread horizontal
pleiotropy in causal relationships inferred from mendelian randomization between
complex traits and diseases. Nat Genet. (2018) 50:693-8. doi: 10.1038/s41588-018-
0099-7

23. Ragusa F, Fallahi P, Elia G, Gonnella D, Paparo SR, Giusti C, et al. Hashimotos'
Thyroiditis: epidemiology, pathogenesis, clinic and therapy. Best Pract Res Clin
Endocrinol Metab. (2019) 33:101367. doi: 10.1016/j.beem.2019.101367

24. Pearce EN, Farwell AP, Braverman LE. Thyroiditis. N Engl ] Med. (2003)
348:2646-55. doi: 10.1056/NEJMra021194

25. Zhang Z, Xiong Q, Xu Y, Cai X, Zhang L, Zhu Q. The pd-L1 expression and
tumor-infiltrating immune cells predict an unfavorable prognosis in pancreatic ductal

adenocarcinoma and adenosquamous carcinoma. J Clin Med. (2023) 12:1398.
doi: 10.3390/jcm12041398

26. Wik JA, Skalhegg BS. T cell metabolism in infection. Front Immunol. (2022)
13:840610. doi: 10.3389/fimmu.2022.840610

27. Geginat ], Paroni M, Maglie S, Alfen JS, Kastirr I, Gruarin P, et al. Plasticity of
human cd4 T cell subsets. Front Immunol. (2014) 5:630. doi: 10.3389/
fimmu.2014.00630

28. Fang], Yu L, Zhuang L-G, Pei X-Y, Wang Q, Jin G-X. The changes in peripheral
blood th17 and treg ratios in hashimoto's thyroiditis are accompanied by differential

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1352616/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1352616/full#supplementary-material
https://doi.org/10.20452/pamw.16222
https://doi.org/10.3389/fendo.2022.937871
https://doi.org/10.3389/fpubh.2022.1020709
https://doi.org/10.1210/endocr/bqab190
https://doi.org/10.1111/tan.12003
https://doi.org/10.1210/en.2005-1024
https://doi.org/10.1155/2019/5368473
https://doi.org/10.1016/j.clim.2017.04.012
https://doi.org/10.1016/j.clim.2017.04.012
https://doi.org/10.1016/j.biocel.2017.08.002
https://doi.org/10.3109/08916934.2012.702814
https://doi.org/10.3109/08916934.2013.866101
https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1038/s41588&ndash;020-0684&ndash;4
https://doi.org/10.1038/s41588-021-00931-x
https://doi.org/10.1016/j.joca.2021.08.003
https://doi.org/10.1177/0962280215597579
https://doi.org/10.1177/0962280215597579
https://doi.org/10.1002/sim.6522
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1038/s41588&ndash;018-0099&ndash;7
https://doi.org/10.1038/s41588&ndash;018-0099&ndash;7
https://doi.org/10.1016/j.beem.2019.101367
https://doi.org/10.1056/NEJMra021194
https://doi.org/10.3390/jcm12041398
https://doi.org/10.3389/fimmu.2022.840610
https://doi.org/10.3389/fimmu.2014.00630
https://doi.org/10.3389/fimmu.2014.00630
https://doi.org/10.3389/fendo.2024.1352616
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhao et al.

pd-1/pd-L1 expression. Front Endocrinol (Lausanne). (2022) 13:959477. doi: 10.3389/
fendo.2022.959477

29. Wang W, Zhang B-T, Jiang Q-L, Zhao H-Q, Xu Q, Zeng Y, et al. Leptin receptor
antagonist attenuates experimental autoimmune thyroiditis in mice by regulating treg/
th17 cell differentiation. Front Endocrinol (Lausanne). (2022) 13:1042511. doi: 10.3389/
fendo.2022.1042511

30. Mazzieri A, Montanucci P, Basta G, Calafiore R. The role behind the scenes of
tregs and th17s in hashimoto's thyroiditis: toward a pivotal role of foxp3 and bach2.
Front Immunol. (2022) 13:1098243. doi: 10.3389/fimmu.2022.1098243

31. LiuY, Tang X, Tian J, Zhu C, Peng H, Rui K, et al. Th17/treg cells imbalance and
gitrl profile in patients with hashimoto's thyroiditis. Int ] Mol Sci. (2014) 15:21674-86.
doi: 10.3390/ijms151221674

32. Bal SH, Heper Y, Kumas LT, Guvenc F, Budak F, Géral G, et al. Effect of storage
period of red blood cell suspensions on helper T-cell subpopulations. Blood Transfus.
(2018) 16:262-72. doi: 10.2450/2017.0238-16

33. Ban Y, Tozaki T, Tobe T, Ban Y, Jacobson EM, Concepcion ES, et al. The
regulatory T cell gene foxp3 and genetic susceptibility to thyroid autoimmunity: an
association analysis in caucasian and Japanese cohorts. ] Autoimmun. (2007) 28:201-7.
doi: 10.1016/j.jaut.2007.02.016

34. Koch U, Radtke F. Mechanisms of T cell development and transformation. Annu
Rev Cell Dev Biol. (2011) 27:539-62. doi: 10.1146/annurev-cellbio-092910-154008

35. Marinkovic T, Garin A, Yokota Y, Fu Y-X, Ruddle NH, Furtado GC, et al. Interaction
of mature c¢d3+Cd4+ T cells with dendritic cells triggers the development of tertiary
lymphoid structures in the thyroid. J Clin Invest. (2006) 116:2622-32. doi: 10.1172/JCI128993.

36. Hashimoto M, Kamphorst AO, Im §J, Kissick HT, Pillai RN, Ramalingam SS, et al.
Cd8 T cell exhaustion in chronic infection and cancer: opportunities for interventions. Annu
Rev Med. (2018) 69:301-18. doi: 10.1146/annurev-med-012017-043208

37. Shapouri-Moghaddam A, Mohammadian S, Vazini H, Taghadosi M, Esmaeili S-
A, Mardani F, et al. Macrophage plasticity, polarization, and function in health and
disease. ] Cell Physiol. (2018) 233:6425-40. doi: 10.1002/jcp.26429

38. Wen J-H, Li D-Y, Liang S, Yang C, Tang J-X, Liu H-F. Macrophage autophagy in
macrophage polarization, chronic inflammation and organ fibrosis. Front Immunol.
(2022) 13:946832. doi: 10.3389/fimmu.2022.946832

39. Sica A, Bronte V. Altered macrophage differentiation and immune dysfunction
in tumor development. J Clin Invest. (2007) 117:1155-66. doi: 10.1172/JCI31422

40. Merakchi K, Djerbib S, Dumont J-E, Miot F, De Deken X. Severe autoimmune
thyroiditis in transgenic nod.H2h4 mice expressing interleukin-4 in the thyroid.
Thyroid. (2023) 33:351-64. doi: 10.1089/thy.2022.0448

41. Wu L, Yan Z, Jiang Y, Chen Y, Du J, Guo L, et al. Metabolic regulation of
dendritic cell activation and immune function during inflammation. Front Immunol.
(2023) 14:1140749. doi: 10.3389/fimmu.2023.1140749

Frontiers in Endocrinology

07

10.3389/fendo.2024.1352616

42. Tiberio L, Del Prete A, Schioppa T, Sozio F, Bosisio D, Sozzani S. Chemokine
and chemotactic signals in dendritic cell migration. Cell Mol Immunol. (2018) 15:346—
52. doi: 10.1038/s41423-018-0005-3

43. Hammerstad SS, Jahnsen FL, Tauriainen S, Hyéty H, Paulsen T, Norheim I, et al.
Inflammation and increased myxovirus resistance protein a expression in thyroid tissue
in the early stages of hashimoto's thyroiditis. Thyroid. (2013) 23:334-41. doi: 10.1089/
thy.2012.0264

44. Covino DA, Sabbatucci M, Fantuzzi L. The ccl2/ccr2 axis in the pathogenesis of
hiv-1 infection: A new cellular target for therapy? Curr Drug Targets. (2016) 17:76-110.
doi: 10.2174/138945011701151217110917

45. Fantuzzi L, Tagliamonte M, Gauzzi MC, Lopalco L. Dual ccr5/ccr2 targeting:
opportunities for the cure of complex disorders. Cell Mol Life Sci: CMLS. (2019)
76:4869-86. doi: 10.1007/s00018-019-03255-6

46. Scarpini E, Galimberti D, Baron P, Clerici R, Ronzoni M, Conti G, et al. Ip-10
and mcp-1 levels in csf and serum from multiple sclerosis patients with different clinical
subtypes of the disease. J Neurol Sci. (2002) 195:41-6. doi: 10.1016/S0022-510X(01)
00680-3

47. Serensen TL, Sellebjerg F, Jensen CV, Strieter RM, Ransohoff RM.
Chemokines cxcl10 and ccl2: differential involvement in intrathecal inflammation
in multiple sclerosis. Eur | Neurol. (2001) 8:665-72. doi: 10.1046/j.1468-
1331.2001.00327 x

48. Wang C, Zhu D, Zhang D, Zuo X, Yao L, Liu T, et al. Causal role of immune cells
in schizophrenia: mendelian randomization (Mr) study. BMC Psychiatry. (2023)
23:590. doi: 10.1186/s12888-023-05081-4

49. Aichinger G, Fill H, Wick G. In situ immune complexes, lymphocyte
subpopulations, and hla-dr-positive epithelial cells in hashimoto thyroiditis. Lab
Investigat ] Tech Methods Pathol. (1985) 52:132-40.

50. Yu M, Xu M, Savas L, Khan A. Discordant expression of ii and hla-dr in
thyrocytes: A possible pathogenetic factor in hashimoto's thyroiditis. Endocr Pathol.
(1998) 9:201-8. doi: 10.1007/BF02739959

51. Xu B, Huang S, Peng W, Cai G, Zhou H, Guo Y, et al. Comprehensive analysis of
hub biomarkers associated with immune and oxidative stress in hashimoto's thyroiditis.
Arch Biochem Biophys. (2023) 745:109713. doi: 10.1016/j.abb.2023.109713

52. McLachlan SM, Rapoport B. Thyroid peroxidase as an autoantigen. Thyroid.
(2007) 17:939-48. doi: 10.1089/thy.2007.0169

53. McLachlan SM, Rapoport B. The molecular biology of thyroid peroxidase:
cloning, expression and role as autoantigen in autoimmune thyroid disease. Endocr
Rev. (1992) 13:192-206. doi: 10.1210/edrv-13-2-192

54. Frohlich E, Wahl R. Thyroid autoimmunity: role of anti-thyroid antibodies in
thyroid and extra-thyroidal diseases. Front Immunol. (2017) 8:521. doi: 10.3389/
fimmu.2017.00521

frontiersin.org


https://doi.org/10.3389/fendo.2022.959477
https://doi.org/10.3389/fendo.2022.959477
https://doi.org/10.3389/fendo.2022.1042511
https://doi.org/10.3389/fendo.2022.1042511
https://doi.org/10.3389/fimmu.2022.1098243
https://doi.org/10.3390/ijms151221674
https://doi.org/10.2450/2017.0238&ndash;16
https://doi.org/10.1016/j.jaut.2007.02.016
https://doi.org/10.1146/annurev-cellbio-092910&ndash;154008
https://doi.org/10.1172/JCI28993.
https://doi.org/10.1146/annurev-med-012017&ndash;043208
https://doi.org/10.1002/jcp.26429
https://doi.org/10.3389/fimmu.2022.946832
https://doi.org/10.1172/JCI31422
https://doi.org/10.1089/thy.2022.0448
https://doi.org/10.3389/fimmu.2023.1140749
https://doi.org/10.1038/s41423&ndash;018-0005&ndash;3
https://doi.org/10.1089/thy.2012.0264
https://doi.org/10.1089/thy.2012.0264
https://doi.org/10.2174/138945011701151217110917
https://doi.org/10.1007/s00018&ndash;019-03255&ndash;6
https://doi.org/10.1016/S0022-510X(01)00680-3
https://doi.org/10.1016/S0022-510X(01)00680-3
https://doi.org/10.1046/j.1468-1331.2001.00327.x
https://doi.org/10.1046/j.1468-1331.2001.00327.x
https://doi.org/10.1186/s12888&ndash;023-05081&ndash;4
https://doi.org/10.1007/BF02739959
https://doi.org/10.1016/j.abb.2023.109713
https://doi.org/10.1089/thy.2007.0169
https://doi.org/10.1210/edrv-13-2-192
https://doi.org/10.3389/fimmu.2017.00521
https://doi.org/10.3389/fimmu.2017.00521
https://doi.org/10.3389/fendo.2024.1352616
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Causal role of immune cells in Hashimoto’s thyroiditis: Mendelian randomization study
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Exposure and outcome data sources
	2.3 Selection of instrumental variables
	2.4 Statistical analysis

	3 Result
	3.1 Exploration of the causal effect of immunophenotypes on HT onset
	3.2 Exploration of the causal effect of HT on immunophenotypes

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


