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Background: Primary ovarian insufficiency (POI), a cause of female infertility, is
characterized by elevated gonadotropin levels and fluctuating estrogen
reductions, accompanied by irregular menstruation, osteoporosis, cardiovascular
disease, and genitourinary syndrome of menopause. Previous studies have shown
an association between POl and immune cells, but the causal relationship remains
unclear. Sex hormones play a crucial role in immune regulation by influencing the
function and levels of immune cells, suggesting they may be key mediators
between POI and immune cells.

Methods: Utilizing genome-wide association studies (GWAS), we conducted a
comprehensive bidirectional two-sample Mendelian randomization (MR) analysis
to explore the causal relationship between 731 immune cell traits and POI.
Furthermore, a two-step MR analysis was employed to examine the potential
mediating effects of sex hormones between these two systems. To ensure the
robustness of our findings, we performed extensive sensitivity analyses,
evaluating heterogeneity and horizontal pleiotropy.

Results: After FDR adjustment (Prpr < 0.05), ten immune cell phenotypes were
significantly correlated with the risk of POIl. Among these, one immune cell
phenotype was identified as a risk factor for POl (OR > 1), while the other nine
immune cell phenotypes were protective factors (OR < 1). In the reverse MR
analysis, POl was positively correlated with seven immunocyte phenotypes (OR >
1) and negatively correlated with eleven immunocyte phenotypes (OR < 1). No
potential mediating effects of ten sex hormones were found between POl and
immune cell traits.

Conclusions: Our study comprehensively assessed the correlation between
immune cell phenotypes and POI in the European population, excluding the
mediating role of sex hormones, thus providing valuable insights into the biological
mechanisms of POl and informing early prevention and treatment strategies.
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1 Introduction

Primary ovarian insufficiency (POI) is a condition
characterized by the decline in ovarian function among women
before the age of 40, typically manifested by irregular menstruation
(amenorrhea or oligomenorrhea), elevated follicle-stimulating
hormone levels (FSH > 25 TU/L), and fluctuating decreases in
estrogen levels (1). As reported in a recent meta-analysis, the global
prevalence of POI was estimated at 3.5%, reaching up to 5.3% in
developing nations (2). POI not only impacts women’s
reproductive potential but also escalates the risks of osteoporosis,
cardiovascular disease, and genitourinary syndrome of menopause,
which imposes significant spiritual, psychological, and economic
burdens on patients (3).

POI is a heterogeneous and multifactorial disorder, influenced
by genetic, immune, environmental, and iatrogenic factors.
Immune factors play a significant role in the development of POI,
accounting for 4% to 30% of cases (1). Numerous studies have
reported that individuals with POI exhibit autoimmune
dysregulation, characterized by decreased Treg cells and increased
activated CD4+ T lymphocytes (4, 5). A recent study reveals a
reduction in the percentage of classical monocytes and NK cells, an
increase in the abundance of plasma B cells, and a significantly
elevated CD4/CD8 ratio in idiopathic POI patients, suggesting a
close relationship between POI and immune cells (6). It is well-
established that sex hormones play a crucial role in immune
regulation by affecting the function and levels of immune cells. A
negative correlation has been noted between plasma estradiol levels
and CD8+ cell counts, while a positive correlation exists with the
CD4+/CD8+ ratio (4). Positive correlations are also seen between
the numbers of CD2 and CD4 T lymphocytes, B cells, and NK cells
with serum LH levels, alongside negative correlations with serum
FSH levels (7). Despite these findings, research on the interactions
between immune cells and POI has produced conflicting results,
leaving causal relationships unclear. Moreover, the potential
mediating role of sex hormones between immune cells and POI
has been inadequately explored.

Mendelian randomization (MR) serves as a powerful and
efficient statistical approach to infer causal relationships between
exposures and outcomes by leveraging genetic variants as
instrumental variables (IVs). Since genetic variations are
randomly assigned during gamete formation and precede disease
onset, this method minimizes biases arising from confounding
factors and reverse causation, thereby enhancing the reliability of
causal assessments (8).

This study conducted a bidirectional MR analysis to explore the
relationship between immune cells and POI. Additionally, a two-
step MR analysis was performed to investigate the mediating roles
of sex hormones. Our study identified several relationships
previously supported by functional research and revealed many
new associations lacking prior evidence. Understanding the
interaction between POI and immune cells provides valuable
insights for future functional studies.
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2 Materials and methods

2.1 Study design

MR employs genetic instrumental variables (IVs) to determine
whether a risk factor causally affects a health outcome (9). Effective
IVs for causal inference must satisfy three crucial assumptions: (1)
The IVs must be directly associated with the exposure; (2) The IVs
must be unrelated to any confounders between the exposure and the
outcome; (3) The IVs must affect the outcome solely through
the exposure.

Using GWAS data, we performed a bidirectional two-sample
MR analysis to investigate the correlation between 731 immune cell
traits and POI, and obtained the effect size B. Additionally, we
explored the potential mediating role of sex hormones between
these two systems through a two-step MR analysis. First, we
evaluated the causal effects of immune cell traits or POI on each
mediator to derive the effect size 1. Subsequently, we assessed the
causal impact of possible mediators on immune cell traits or POI to
obtain the effect size 32. Finally, mediation effects were quantified
using the product method, with mediation proportions calculated as
(B1xPB2)/B (10). Results were presented as odds ratios (ORs) with
95% confidence intervals (CIs) per standard deviation, and 3 values
were used to calculate the mediation proportions. The research
framework is illustrated in Figure 1 (11).

2.2 Data sources

The GWAS data on immune cell traits were available in the
GWAS catalog under accession numbers GCST90001391 to
GCST90002121 (Table 1) (12). This study includes 731 immune
cell phenotypes categorized into four groups: absolute cell counts
(AC, n=118), relative cell counts (RC, n=192), median fluorescence
intensity (MFI, n=389), and morphological parameters (MP, n=32).
These groups encompass B cells, classical dendritic cells, mature T
cells, monocytes, myeloid cells, TBNK lymphocytes, and regulatory
T cells (Treg). The original GWAS analyzed 3,757 European
Sardinian individuals without cohort overlap. Following
adjustments for covariates (sex, age, and age”), correlation
analyses were performed on about 22 million single nucleotide
polymorphisms (SNPs) using a Sardinian sequence-based reference
panel (13).

The GWAS data for POI is sourced from the FinnGen database
(https://r10.finngen.fi/) using the data code E4_OVARFAIL. The
GWAS statistics included 21,297,866 locus variations from 542
cases and 218,970 controls.

Summary data for ten sex hormones were obtained through the
GWAS catalog, IEU (https://gwas.mrcieu.ac.uk/), and UKBB
(https://pheweb.org/UKB-Neale/) databases. These hormones
included Anti-Miillerian hormone (AMH), estrogen receptor
(ER), estrogen sulfotransferase (SULT1EL), follicle-stimulating
hormone (FSH), luteinizing hormone (LH), oestradiol, oestrogen,
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Mendelian randomization design diagram. Effective IVs for causal inference must satisfy three crucial assumptions: (1) the IVs must be directly
associated with the exposure; (2) the IVs must be unrelated to any confounders between the exposure and the outcome; (3) the IVs must affect the
outcome solely through the exposure. The black dashed lines denote irrelevance, while the solid black lines indicate relevance. The solid gray lines
represent the effects of confounders on exposures, outcomes and mediators. The solid red, blue, and yellow lines respectively represent the causal
effects of exposures on mediators, mediators on outcomes, and exposures on outcomes.

sex hormone-binding globulin (SHBG), total testosterone levels
(TTL) and bioavailable testosterone levels (BTL). Table 1 provides
detailed information on all GWAS summary data.

2.3 Instrument variables (IVs) selection

The selection of IVs followed these criteria: First, we selected
SNPs demonstrating a significant association with the exposure
(p <5 x 107 for immune cell traits and sex hormone factors; p < 1 x
107 for POI). Second, linkage disequilibrium (LD) analysis was
conducted with parameters set to r* < 0.001 and a window of 10,000

kb. Third, we excluded SNPs that were significantly associated (p <
5 x 10°®) with the outcome (11). Finally, the F statistic was
calculated for each IV to evaluate their strength and prevent weak
instrument bias. The F statistic greater than 10 indicated a strong
association, whereas the F statistic less than 10 indicated insufficient
strength, warranting exclusion from subsequent analyses (14).

2.4 MR analysis

A bidirectional MR analysis was conducted to explore the
association between immune cell traits and POIL Additionally, a

TABLE 1 Detailed information on the data sources included in this Mendelian randomization study.

Phenotypes Data source Phenotypic code Sample size Ancestry
731 immune cell traits GWAS catalog GCST90001391-GCST90002121 3757 European
POI FinnGene E4_OVARFAIL 542/218970 European
AMH GWAS catalog GCST90104596 7049 European
ER IEU prot-a-991 3301 European
SULT1E1 IEU prot-a-2892 3301 European
FSH GWAS catalog GCST90012661 3484 European
LH IEU prot-a-529 3301 European
Oestrogen UKBB 20003_1140884622 337159 European
Oestradiol UKBB 30800 77633 European
SHBG IEU ieu-b-4870 214989 European
BTL GWAS catalog GCST90012102 188507 European
TTL GWAS catalog GCST90012112 230454 European
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two-step MR analysis was conducted to determine whether sex
hormones mediate the relationship between immune cell
phenotypes and POIL

The primary analysis used either the random-effects or fixed-
effects inverse variance weighted (IVW) method (15). To mitigate
false positives in multiple testing, we applied a false discovery rate
(FDR) correction to associations showing nominal significance
between immune cell traits and POI (Pgpr < 0.05 was considered
statistically significant) (13). Heterogeneity among the studies was
assessed using Cochran’s Q test and the associated p-values. If
heterogeneity was detected (null hypothesis rejected), the random-
effects IVW method was employed (15, 16). MR-Egger regression
analysis was conducted to identify potential horizontal pleiotropy
by assessing the p-value of the intercept (17). The MR-PRESSO
(MR pleiotropy residual sum and outlier) test was also employed to
identify and correct outliers in IVs, thereby reducing the influence
of horizontal pleiotropy on causal estimation (18). Additionally,
weighted median and simple median analyses were performed to
verify the reliability and consistency of the findings (19).

2.5 Statistical analysis

MR analyses were conducted using R programming (version
4.1.2). The “Two Sample MR” and “MRPRESSO” packages were
employed to estimate causal effects and identify outliers.

3 Results

3.1 Exploration of the causal effect of
immunophenotypes on POI

3.1.1 Bidirectional two-sample MR analysis

To investigate the relationship between immune cell phenotypes
and POI, we conducted a two-sample MR analysis using the IVW
method as the primary approach. After adjusting for FDR with
Prpr<0.05, we identified ten immune phenotypes significantly
associated with POL Of these, one was in the TBNK group, three
were in the monocyte group, and six were in the myeloid cell group
(Supplementary Table S1; Figure 2). One of the immune cell

10.3389/fendo.2025.1456273

phenotypes, CD16-CD56 on NK, was positively correlated with
increased POI risk (OR: 1.412, 95% CI: 1.128-1.767, Pgpr: 0.020).
Conversely, the other nine immune cell phenotypes were negatively
correlated with POI risk, considered as protective factors, including
HLA DR on CDI14+ CDI16- monocyte, HLA DR on CDI14+
monocyte, CD33 on CD66b++ myeloid cell, HLA DR on monocyte,
CD33 on CD33dim HLA DR+ CD11b-, CD33 on CD33br HLA DR+
CD14-, CD33 on Mo MDSC, CD33 on CD33br HLA DR+ CD14dim,
and CD33 on CD33br HLA DR+ (Supplementary Table S1; Figure 2).

Furthermore, sensitivity analyses, including Cochran’s Q test,
MR-Egger intercept test, and MR-PRESSO global test, produced P-
values greater than 0.05, suggesting no significant heterogeneity or
pleiotropy in the causal effect analysis between immune cell
phenotypes and POI (Table 2).

3.1.2 Two-step MR analysis

A two-step MR analysis was performed to investigate the
potential mediating effects of sex hormones, including AMH, ER,
SULTIEL, FSH, LH, oestradiol, oestrogen, SHBG, TTL and BTL.
Initially, we investigated the relationship between ten immune cell
phenotypes significantly associated with POI and the sex hormones
(Supplementary Figure 1; Supplementary Table S2). After FDR
adjustment, most immune cell phenotypes showed no significant
associations with sex hormones (Pppr>0.05). Only CD33 on
CD33br HLA DR+ CD14dim, CD33 on Mo MDSC, CD33 on
CD33br HLA DR+, CD33 on CD33br HLA DR+ CD14-, HLA DR
on CD14+ monocyte and HLA DR on CD14+ CD16- monocyte
exhibited significant associations with SHBG (Prpr<0.05, Figure 3;
Supplementary Figure 1; Supplementary Table S2). However, no
correlation was found between SHBG and POI (Pppr>0.05,
Figure 4; Supplementary Table S3).

3.2 Exploration of the causal effect of POI
on immunophenotypes

3.2.1 Bidirectional two-sample MR analyses

After FDR adjustment (Pppr<0.05), we detected significant
effects of POI on nineteen immune cell phenotypes (Figure 5;
Supplementary Table S4). Further sensitivity analysis excluded
phenotypes potentially influenced by heterogeneity or pleiotropy

Exposure Outcome Nsnp  OR (95% Cl) Pval FDR

CD16-CD56 on NK POI 7 1.412 (1.128 - 1.767) : —s=——o+1 0.003 0.020*
HLA DR on CD14+ CD16- monocyte POI 5 0.803 (0.680 - 0.948) H—': 0.009 0.031*
HLA DR on CD14+ monocyte POI 5 0.798 (0.672 - 0.948) .—) 0.010 0.031*
CD33 on CD66b++ myeloid cell POI 5 0.842 (0.752 - 0.943) H-': 0.003 0.020*
HLA DR on monocyte POI 5 0.772 (0.658 - 0.905) _— E 0.001  0.020 *
CD33 on CD33dim HLA DR+ CD11b— POI 6 0.877 (0.796 - 0.966) - 0.008 0.027 *
CD33 on CD33br HLA DR+ CD14- POI 4 0.882 (0.804 - 0.968) - 0.008 0.027 *
CD33 on Mo MDSC POI 3 0.869 (0.777 - 0.972) -y 0.014 0.039*
CD33 on CD33br HLA DR+ CD14dim POI 4 0.881 (0.803 - 0.967) H-!E 0.008 0.027 *
CD33 on CD33br HLA DR+ POI 4 0.882 (0.804 - 0.968) ! 0.008 0.027 *

FIGURE 2

j

0.5

MR estimates derived from the IVW method were used to assess the effect of immune cell traits on POI. IVW, inverse variance weighting; Cl,
confidence interval; Nsnp, the number of single nucleotide polymorphisms; *Prpr<0.05.
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TABLE 2 Heterogeneity and horizontal pleiotropy of positive results of MR analysis with immune cells as exposure and POl as outcome.

Heterogeneity
(Cochran’s Q)

Horizontal Pleiotropy

Exposure Outcome

PIVW PMR—PRESSO global PMR—Egger intercept
CD16-CD56 on NK POI 0.518 0.224 0.428
HLA DR on CD14+ CD16- monocyte POI 0.246 0.391 0.264
HLA DR on CD14+ monocyte POI 0.241 0.386 0.267
CD33 on CD66b++ myeloid cell POI 0.469 0.710 0.617
HLA DR on monocyte POI 0.376 0.471 0.403
CD33 on CD33dim HLA DR+ CD11b- POI 0.718 0.809 0.897
CD33 on CD33br HLA DR+ CD14- POI 0.470 0.728 0.943
CD33 on Mo MDSC POI 0.283 0.597 0.845
CD33 on CD33br HLA DR+ CD14dim POI 0.475 0.723 0.937
CD33 on CD33br HLA DR+ POI 0.474 0.727 0.946

bias, and CD27 on T cell did not pass the pleiotropy test (Table 3).
Ultimately, POI was associated with eighteen immune cell traits,
which primarily belonged to the B cell, Treg, TBNK, and myeloid
cell panels. We found that POI onset could increase the levels of
seven immune cell phenotypes (OR>1): IgD+ CD38- B cell AC,
CD20- CD38- B cell AC, IgD+ B cell %lymphocyte, IgD+ CD38- B
cell %lymphocyte, CD20—- CD38- B cell %lymphocyte, CD33—
HLA DR- AC and CD66b on Granulocytic MDSC (Figure 5;
Supplementary Table S4). Additionally, eleven immune cell
phenotypes were found to be decreased in POI patients (OR<1):
CD4 regulatory T cell %9CD4+ T cell, HLA DR+ NK %NK, HLA DR
+ NK %CD3- lymphocyte, CD45RA— CD28— CD8+ T cell AC,
CD45RA—- CD28— CD8+ T cell %T cell, FSC-A on NK, CD4 on
CD39+ CD4+ T cell, CD4 on CD39+ resting CD4 regulatory T cell,
CD4 on CD39+ activated CD4 regulatory T cell, CD4 on CD39+
secreting CD4 regulatory T cell, SSC-A on NK (Figure 5;
Supplementary Table S4).

3.2.2 Two-step MR analysis
As shown in Figure 6, POI was associated with SHBG (P < 0.05).
However, after FDR adjustment, no significant effects of POI on SHBG

were detected (Figure 6; Supplementary Table S5). Additionally, no
correlation was found between SHBG and the nineteen immune cell
phenotypes associated with POI (Supplementary Figure 2).

4 Discussion

Using a bidirectional two-sample and two-step MR study, we
investigated the relationships and potential mediating effects of sex
hormones between immune cell traits and POIL Our analysis
revealed that out of 731 immune cell phenotypes studied, POI
exerted significant effects on 18 immune phenotypes, notably B
cells, Treg cells, and TBNK lymphocytes (Pgpr < 0.05).
Furthermore, 10 immune phenotypes, primarily monocytes and
myeloid cells, demonstrated significant effects on POI (Prpg < 0.05).
However, serum sex hormones did not mediate these relationships.

Monocytes are essential to the immune system, participating in
inflammatory responses and tissue repair (20). Our analysis
revealed a correlation between elevated levels of monocytes (HLA
DR on CD14+ CD16- monocyte, HLA DR on CD14+ monocyte,
and HLA DR on monocyte, OR<1) and a reduced risk of POI,

Exposure Outcome Nsnp  OR (95% Cl) Pval FDR
CD16-CD56 on NK SHBG 7 1.000 (0.990 - 1.010) HH 0.982 0.982
CD33 on CD33br HLA DR+ CD14dim 4 0.992 (0.988 - 0.997) -E 0.002 0.029*
CD33 on CD33dim HLA DR+ CD11b- 6 0.994 (0.986 - 1.002) L 0.160 0.764
CD33 on CD66b++ myeloid cell 5 0.992 (0.986 - 0.999) e 0.027 0.216
CD33 on Mo MDSC 3 0.992 (0.987 - 0.997) oy 0.001  0.029*
CD33 on CD33br HLA DR+ 4 0.992 (0.988 - 0.997) -i 0.002 0.029*
CD33 on CD33br HLA DR+ CD14- 4 0.993 (0.988 - 0.997) - 0.002 0.029*
HLA DR on CD14+ CD16- monocyte 4 1.021 (1.012 - 1.029) e 0.000 0.001*
HLA DR on CD14+ monocyte 4 1.021 (1.013 - 1.030) E - 0.000 0.001*
HLA DR on monocyte 4 1.019 (0.998 - 1.040) —— 0.071  0.386
1 1

0.9

N

FIGURE 3
MR estimates derived from the IVW method were used to assess the effect of 10 immune cell traits on SHBG. IVW, inverse variance weighting; Cl,
confidence interval; Nsnp, the number of single nucleotide polymorphisms; *Prpr<0.05.
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Exposure Outcome Method Nsnp OR (95% CI) Pval FDR

BTL POI VW 118 1.056 (0.614 - 1.814) '—i—i—bo.845 0.845
TTL POI VW 178 0.818 (0.586 - 1.141) '—-—:—! 0.236 0.845
FSH POI vw 13 0.865 (0.615 - 1.218) —_— 0.406 0.845
AMH POI VW 4 0.800 (0.328 - 1.950) ——e— 1 50624 0845
SHBG POI VW 162 1.055 (0.752 - 1.482) '—:-—‘ 0.755 0.845
Oestradiol POl VW 2 1.002 (0.999 - 1.006) * 0.261 0.845
Oestrogen POI VW 7 119.448 (0.000 - 106266476038343520.000) <—‘—>0.785 0.845
SULT1E1 POI vw 22 0.956 (0.805 - 1.135) '—-'E—' 0.607 0.845
LH POI Wald ratio 1 1.051 (0.815 - 1.356) ——p=—— 0700 0845
ER POI vw 13 1.189 (0.895 - 1.579) ——es——>0.231 0.845

0.5 1 1.5
FIGURE 4

Forest plots illustrated the effect of sex hormones on POI. IVW, inverse variance weighting; Cl, confidence interval; Nsnp,

nucleotide polymorphisms.

which is consistent with recent studies reporting a decrease in CD14
+ monocytes in POI patients (6). Additionally, we identified that
myeloid cells (including CD33 on CD66b++ myeloid cell, CD33 on
CD33dim HLA DR+ CD11b-, CD33 on CD33br HLA DR+ CD14-,
CD33 on Mo MDSC, CD33 on CD33br HLA DR+ CD14dim, and
CD33 on CD33br HLA DR+, OR<1) acted as protective factors
against POI (21). Myeloid cells are integral to both innate and
adaptive immune responses, as well as tissue repair and
regeneration (21). Therefore, they may influence the onset of POI
by modulating the local immune environment, inflammatory
responses, and tissue repair. However, the role of myeloid cells in
the development of POI remains underexplored in both clinical and
basic research, offering a direction for future studies.

Natural Killer (NK) cells are crucial immune system components,
contributing to immune regulation through direct cytotoxic effects
and cytokine secretion (22). Elevated NK cell levels in the ovaries
have been reported to disrupt normal follicular development by
exerting cytotoxic effects on granulosa cells, which play a crucial
role in follicular growth and maturation (23). Additionally, some
studies have demonstrated abnormally low NK cell activity in POI
patients (24-26). This study revealed that elevated levels of CD16-

Exposure Outcome Nsnp
POI IgD+ CD38- B cell AC 9
POI CD20- CD38- B cell AC 9
POI IgD+ B cell %lymphocyte 9
POI IgD+ CD38- B cell %lymphocyte 9
POI CD20- CD38- B cell %lymphocyte 9
POI CD4 regulatory T cell %CD4+ T cell 9
POI CD33- HLADR- AC 9
POI HLA DR+ NK %NK 9
POI HLA DR+ NK %CD3- lymphocyte 9
POI CD45RA- CD28- CD8+ T cell AC 9
POI CD45RA- CD28- CD8+ T cell %T cell 9
POI CD27 on T cell 8
POI CD66b on Granulocytic MDSC 9
POI FSC-A on NK 9
POI CD4 on CD39+ CD4+ T cell 9
POI CD4 on CD39+ resting CD4 regulatory T cell 9
POI CD4 on CD39+ activated CD4 regulatory T cell 9
POI CD4 on CD39+ secreting CD4 regulatory T cell 9
POI SSC-Aon NK 9

FIGURE 5

the number of single

CD56 on NK were associated with an increased risk of POL
Furthermore, POI onset could reduce levels of specific NK cells,
including HLA-DR+ NK %NK, FSC-A on NK, and SSC-A on NK.
Our findings provided additional insights into the relationship
between NK cell subtypes and POL

Existing research on the relationship between B cells and POI
remains controversial. While some studies have reported
significantly higher B cell counts in POI patients (27), others,
such as Mignot et al,, found no significant difference in B cell
counts between POI patients and healthy controls (28). B cells, the
second-largest group of lymphocytes, are vital for several immune
functions, including antigen presentation, cytokine secretion, and
antibody production (6). Our study demonstrated that POI onset
could increase B cell levels.

T cells are categorized into three subgroups: helper T cells,
cytotoxic T cells, and Treg cells. Treg cells are essential for immune
regulation, maintaining homeostasis, and preventing autoimmunity
(29). Our research showed that POI led to a reduction in Treg cell
levels. Recent studies suggest that POI patients exhibit abnormal
cellular immunity in both the peripheral blood and ovarian
microenvironments, characterized by decreased Treg cell numbers

OR (95% Cl) Pval FDR
1.076 (1.014 - 1.141) Yot 0.015 0.032
1.071 (1.011 - 1.134) [ 0.019 0.036
1.076 (1.007 - 1.151) b 0.031 0.045
1.083 (1.021 - 1.148) bt 0.008 0.032
1.069 (1.010 - 1.132) = 0.022 0.038
0.939 (0.884 - 0.997) ol 0.040 0.046
1.084 (1.002 - 1.172) [ 0.044 0.046
0.928 (0.874 - 0.986) -y 0.015 0.032
0.929 (0.876 - 0.985) - 0.014 0.032
0.000 (0.000 - 0.195) »— ' 0.014 0.032
0.725 (0.534 - 0.983) -—-—-: 0.039 0.046
1.089 (1.009 - 1.175) b 0.029 0.045
1.109 (1.008 - 1.219) b 0.034 0.046
0.923 (0.866 - 0.984) -t 0014 0032
0.916 (0.857 - 0.979) -t 0010 0.032
0.904 (0.846 ~ 0.966) ! 0.003 0.032
0.936 (0.876 - 0.999) | 0.047 0.047
0.917 (0.858 - 0.980) -l 0.011 0.032
0.935 (0.876 - 0.998) | 0.043 0.046
0 05 1 15 2

MR estimates derived from the IVW method were used to assess the effect of POl on immune cell traits. IVW, inverse variance weighting; Cl,
confidence interval; Nsnp, the number of single nucleotide polymorphisms.
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TABLE 3 Heterogeneity and horizontal pleiotropy of positive results of MR analysis with POI as exposure and immune cells as outcome.

Heterogeneity

(Cochran's Q)

Horizontal Pleiotropy

Exposure Outcome
I:)IVW PMR—PRESSO global I:)MR—Egger intercept
POI IgD+ CD38- B cell AC 0.632 0.117 0.301
POI CD20- CD38- B cell AC 0.944 0.895 0.703
POI IgD+ B cell %lymphocyte 0.213 0.155 0.324
POI IgD+ CD38- B cell %lymphocyte 0.879 0.088 0.542
POI CD20- CD38- B cell %lymphocyte 0.985 0.958 0.954
POI CD4 regulatory T cell %CD4+ T cell 0.585 0.236 0.350
POI CD33- HLA DR- AC 0.442 0.587 0.474
POI HLA DR+ NK %NK 0.840 0.543 0.979
POI HLA DR+ NK %CD3- lymphocyte 0.816 0.799 0.735
POI CD45RA- CD28- CD8+ T cell AC 0.573 0.414 0.691
POI CD45RA- CD28- CD8+ T cell %T cell 0.380 0.194 0.284
POI CD27 on T cell 0.559 0.026 0.180
POI CD66b on Granulocytic MDSC 0.551 0.709 0.928
POI FSC-A on NK 0.596 0.394 0.602
POI CD4 on CD39+ CD4+ T cell 0.566 0.267 0.785
POI CD4 on CD39+ resting CD4 regulatory T cell 0.759 0.395 0.180
POI CD4 on CD39+ activated CD4 regulatory T cell 0.463 0.430 0.168
POI CD4 on CD39+ secreting CD4 regulatory T cell 0.402 0.080 0.196
POI SSC-A on NK 0.444 0.449 0.097

and impaired immunosuppressive function, which is consistent
with our results (30, 31). Lei et al. found through an MR study
that higher proportions of activated and secreting Treg cells were
associated with osteoporosis prevention (13). Thus, the increased
susceptibility to osteoporosis in POI may be due to the decline in
Treg cell levels.

POI is characterized by low estrogen and high gonadotropin
levels. Estrogen is known to participate in the proliferation and

Exposure Outcome Nsnp OR (95% CI) Pval FDR
POI BTL 10 0.999 (0.994 - 1.005) Ll 0818  0.941
POI TTL 10 1.003 (0.996 - 1.011) 'i" 0.343  0.941
POI FSH & 1.028 (0.964 - 1.096) y 0.399  0.941
POI AMH 8 0.983 (0.945 - 1.022) '—-—E—- 0.388  0.941
POI SHBG 8 1.009 (1.000 - 1.018) aal 0.049  0.487
POI Oestradiol 8 1.309 (0.001 - 1638.259) : 0.941  0.941
POI Oestrogen 8 1.000 (1.000 - 1.000) L) 0.652  0.941
POI SULT1E1 8 1.012 (0.960 - 1.066) : 0.663  0.941
POI LH 8 0.997 (0.941 - 1.058) — 0.931 0.941
POI ER 8 1.012 (0.960 - 1.066) '—E-—c 0.663  0.941
0A|9 1I 1A|1

FIGURE 6

Forest plots illustrated the effect of POl on mediators. IVW, inverse variance weighting; Cl, confidence interval; Nsnp, the number of single

nucleotide polymorphisms.
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activation of T cells and B cells while regulating the anti-
inflammatory functions of Treg cells (30, 32-37). Based on this,
we hypothesized that POI might lead to reduced estrogen levels,
subsequently resulting in decreased Treg cell levels. However, our
study did not find evidence that serum sex hormones mediated the
relationship between POI and immune cell phenotypes, which
suggested that the changes in immune cell dynamics in POI may
be direct effects of the condition itself rather than secondary to
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hormonal alterations. Nevertheless, MR is merely an analytical
method based on IVs, and its negative results cannot definitively
rule out the presence of mediating factors.

There are several strengths in our study. Firstly, through MR
analysis, we offered a novel perspective on the relationship between
immune cell traits and POL Secondly, utilizing large-scale GWAS
cohorts ensures robust statistical efficiency. Thirdly, our conclusions
are based on genetic instrumental variables, which effectively
minimize biases from reverse causation and confounders
commonly present in traditional observational studies. Lu et al.
conducted a study similar to ours, focusing on the causal effect of
immune cells on POI (38). Unlike their study, we further examined
reverse causality, specifically how POI affected immune cells while
accounting for the mediating role of sex hormones. Although sex
hormones were not identified as mediators, our study provided a
more comprehensive understanding of the relationship between POI
and immune cells. Understanding the pathogenesis of POI can
facilitate its prevention by detecting related immune cell
phenotypes. Additionally, targeting these immune cell phenotypes
altered in POI could be a viable strategy for managing the clinical
symptoms of POI, offering a new treatment approach for patients
who cannot undergo hormone replacement therapy. In an
autoimmune mouse model of POI, Treg cells were observed to
preserve ovarian function by inhibiting ovarian cell apoptosis
through the Akt/FOXO3a signaling pathway (31). Furthermore,
osteoporosis in ovariectomized rats was improved by adjusting the
Th17/Treg balance, underscoring the therapeutic potential of
modulating immune cells to manage POI (39).

However, our study has limitations as well. Although multiple
sensitivity analyses were conducted to minimize bias, it is unlikely that
all biases could be fully eliminated. As MR is primarily a method for
analyzing relationships between exposure and outcome and may not
fully capture the complexity of immune responses in individuals,
further studies are needed to confirm the relationship between
immune cell phenotypes and POI using in vitro and in vivo
experimental models. Additionally, the GWAS data used in our
analysis were predominantly sourced from the European population.
Given the genetic heterogeneity among different ethnic groups, these
results may not be universally applicable to other populations. As a
preliminary study in understanding the potential correlation between
immune cells and POI, our findings will serve as a foundation for
further exploration of the relationship between POI and immune cells.

5 Conclusions

In summary, our comprehensive bidirectional two-sample two-
step MR analysis indicated a correlation between immune cell
phenotypes and POI, suggesting the interplay between these two
systems and excluding the mediating role of sex hormones in the
European population. This finding may facilitate the development
of biomarkers for the early detection and prognosis of POIL as well
as inform the design of targeted therapeutic interventions. However,
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due to the limitations in MR analysis, further basic research and
clinical trials are necessary to confirm the association between
immune cells and POL

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.

Author contributions

TH: Writing - original draft. DP: Writing - review & editing.
JW: Writing — review & editing, Funding acquisition, Supervision.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the National Natural Science Foundation of China
(81771540, 81401175) and a project funded by the Priority Academic
Program Development of Jiangsu Higher Education Institutions.

Acknowledgments

We acknowledge all contributors for sharing the data used in this
study. We thank JW and DP for their guidance on the paper. We also
thank ChatGPT 4.0 for its assistance with English syntax modification.

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
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.2025.
1456273/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2025.1456273/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1456273/full#supplementary-material
https://doi.org/10.3389/fendo.2025.1456273
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hong et al.

References

1. Silva CA, Yamakami LYS, Aikawa NE, Araujo DB, Carvalho JF, Bonfa E.
Autoimmune primary ovarian insufficiency. Autoimmun Rev. (2014) 13:427-30.
doi: 10.1016/j.autrev.2014.01.003

2. Li M, Zhu Y, Wei ], Chen L, Chen S, Lai D. The global prevalence of premature
ovarian insufficiency: A systematic review and meta-analysis. Climacteric. (2023)
26:95-102. doi: 10.1080/13697137.2022.2153033

3. Nash Z, Davies M. Premature ovarian insufficiency. BMJ. (2024) 384:¢077469.
doi: 10.1136/bmj-2023-077469

4. ChenJ, Wu S, Wang M, Zhang H, Cui M. A review of autoimmunity and immune
profiles in patients with primary ovarian insufficiency. Medicine. (2022) 101(51):
€32500. doi: 10.1097/md.0000000000032500

5. Savukoski SM, Silven H, Pesonen P, Pukkala E, Gissler M, Suvanto E, et al. Excess
of severe autoimmune diseases in women with premature ovarian insufficiency: A
population-based study. Hum Reprod. (2024) 39:2601-7. doi: 10.1093/humrep/deae213

6. Zhang C, Yu D, Mei Y, Liu S, Shao H, Sun Q, et al. Single-cell rna sequencing of
peripheral blood reveals immune cell dysfunction in premature ovarian insufficiency.
Front Endocrinol. (2023) 14:1129657. doi: 10.3389/fend0.2023.1129657

7. Giglio T, Imro MA, Filaci G, Scudeletti M, Puppo F, De Cecco L, et al. Immune
cell circulating subsets are affected by gonadal function. Life Sci. (1994) 54:1305-12.
doi: 10.1016/0024-3205(94)00508-7

8. 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

9. Bowden J, Holmes MV. Meta-analysis and mendelian randomization: a review.
Res Synth Methods. (2019) 10:486-96. doi: 10.1002/jrsm.1346

10. VanderWeele TJ. Mediation analysis: A practitioner’s guide. Annu Rev Public
Health. (2016) 37:17-32. doi: 10.1146/annurev-publhealth-032315-021402

11. HeJ, Huang M, Li N, Zha L, Yuan J. Genetic association and potential mediators
between sarcopenia and coronary heart disease: A bidirectional two-sample, two-step
mendelian randomization study. Nutrients. (2023) 15(13):3013. doi: 10.3390/nu15133013

12. 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

13. Cao RR, Yu XH, Xiong MF, Li XT, Deng FY, Lei SF. The immune factors have
complex causal regulation effects on bone mineral density. Front Immunol. (2022)
13:959417. doi: 10.3389/fimmu.2022.959417

14. Burgess S, Thompson SG. Avoiding bias from weak instruments in mendelian
randomization studies. Int J Epidemiol. (2011) 40:755-64. doi: 10.1093/ije/dyr036

15. 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

16. Greco MF, 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

17. 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

18. Verbanck M, Chen CY, 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

19. 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

20. Ma WT, Gao F, Gu K, Chen DK. The role of monocytes and macrophages in
autoimmune diseases: A comprehensive review. Front Immunol. (2019) 10:1140.
doi: 10.3389/fimmu.2019.01140

21. De Kleer I, Willems F, Lambrecht B, Goriely S. Ontogeny of myeloid cells. Front
Immunol. (2014) 5:423. doi: 10.3389/fimmu.2014.00423

Frontiers in Endocrinology

09

10.3389/fendo.2025.1456273

22. Vivier E, Tomasello E, Baratin M, Walzer T, Ugolini S. Functions of natural killer
cells. Nat Immunol. (2008) 9:503-10. doi: 10.1038/ni1582

23. Seshadri S, Sunkara SK. Natural killer cells in female infertility and recurrent
miscarriage: A systematic review and meta-analysis. Hum Reprod Update. (2014)
20:429-38. doi: 10.1093/humupd/dmt056

24. Pekonen F, Siegberg R, Mikinen T, Miettinen A, Yli-Korkala O. Immunological
disturbances in patients with premature ovarian failure. Clin Endocrinol (Oxf). (1986)
25:1-6. doi: 10.1111/j.1365-2265.1986.tb03589.x

25. Hoek A, van Kasteren Y, de Haan-Meulman M, Hooijkaas H, Schoemaker J,
Drexhage HA. Analysis of peripheral blood lymphocyte subsets, nk cells, and delayed
type hypersensitivity skin test in patients with premature ovarian failure. Am J Reprod
Immunol. (1995) 33:495-502. doi: 10.1111/j.1600-0897.1995.tb00912.x

26. Maity R, Nair SR, Caspi RR, Nelson LM. Post-thymectomy murine experimental
autoimmune oophoritis is associated with reduced natural killer cell activity. Am |
Reprod Immunol. (1997) 38:360-5. doi: 10.1111/j.1600-0897.1997.tb00312.x

27. Verma P, KS A, Shankar H, Sharma A, Rao DN. Role of trace elements, oxidative
stress and immune system: A triad in premature ovarian failure. Biol Trace Elem Res.
(2018) 184:325-33. doi: 10.1007/s12011-017-1197-6

28. Mignot MH, Drexhage HA, Kleingeld M, Van de Plassche-Boers EM, Rao BR,
Schoemaker J. Premature ovarian failure. Ii: considerations of cellular immunity
defects. Eur ] Obstet Gynecol Reprod Biol. (1989) 30:67-72. doi: 10.1016/0028-2243
(89)90095-6

29. Josefowicz SZ, Lu LF, Rudensky AY. Regulatory T cells: mechanisms of
differentiation and function. Annu Rev Immunol. (2012) 30:531-64. doi: 10.1146/
annurev.immunol.25.022106.141623

30. Jiao X, Zhang X, Li N, Zhang D, Zhao S, Dang Y, et al. T(Reg) deficiency-
mediated T(H) 1 response causes human premature ovarian insufficiency through
apoptosis and steroidogenesis dysfunction of granulosa cells. Clin Transl Med. (2021)
11:e448. doi: 10.1002/ctm?2.448

31. Gao H, Gao L, Wang W. Advances in the cellular immunological pathogenesis
and related treatment of primary ovarian insufficiency. Am J Reprod Immunol. (2022)
88(5):€13622. doi: 10.1111/aji.13622

32. LouY, FuZ, Tian Y, Hu M, Wang Q, Zhou Y, et al. Estrogen-sensitive activation
of sgkl induces M2 macrophages with anti-inflammatory properties and a th2 response
at the maternal-fetal interface. Reprod Biol Endocrinol. (2023) 21:50. doi: 10.1186/
§12958-023-01102-9

33. Mateus D, Sebastidao AlI, Carrascal MA, Carmo AD, Matos AM, Cruz MT.
Crosstalk between estrogen, dendritic cells, and sars-cov-2 infection. Rev Med Virol.
(2022) 32:€2290. doi: 10.1002/rmv.2290

34. Monteiro C, Kasahara T, Sacramento PM, Dias A, Leite S, Silva VG, et al. Human
pregnancy levels of estrogen and progesterone contribute to humoral immunity by
activating T(Fh)/B cell axis. Eur ] Immunol. (2021) 51:167-79. doi: 10.1002/
€ji.202048658

35. Cenci S, Weitzmann MN, Roggia C, Namba N, Novack D, Woodring J, et al.
Estrogen deficiency induces bone loss by enhancing T-cell production of tnf-alpha. J
Clin Invest. (2000) 106:1229-37. doi: 10.1172/jci11066

36. Grimaldi CM, Cleary ], Dagtas AS, Moussai D, Diamond B. Estrogen alters
thresholds for B cell apoptosis and activation. J Clin Invest. (2002) 109:1625-33.
doi: 10.1172/jci14873

37. Trenti A, Tedesco S, Boscaro C, Trevisi L, Bolego C, Cignarella A. Estrogen,
angiogenesis, immunity and cell metabolism: solving the puzzle. Int ] Mol Sci. (2018) 19
(3):859. doi: 10.3390/ijms19030859

38. LuY, YaoY, Zhai S, Ni F, Wang ], Chen F, et al. The role of immune cell signatures in
the pathogenesis of ovarian-related diseases: A causal inference based on mendelian
randomization. Int J Surg. (2024) 110:6541-50. doi: 10.1097/js9.0000000000001814

39. Guo M, Liu H, Yu Y, Zhu X, Xie H, Wei C, et al. Lactobacillus rhamnosus gg
ameliorates osteoporosis in ovariectomized rats by regulating the th17/treg balance and

gut microbiota structure. Gut Microbes. (2023) 15:2190304. doi: 10.1080/
19490976.2023.2190304

frontiersin.org


https://doi.org/10.1016/j.autrev.2014.01.003
https://doi.org/10.1080/13697137.2022.2153033
https://doi.org/10.1136/bmj-2023-077469
https://doi.org/10.1097/md.0000000000032500
https://doi.org/10.1093/humrep/deae213
https://doi.org/10.3389/fendo.2023.1129657
https://doi.org/10.1016/0024-3205(94)00508-7
https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1002/jrsm.1346
https://doi.org/10.1146/annurev-publhealth-032315-021402
https://doi.org/10.3390/nu15133013
https://doi.org/10.1038/s41588-020-0684-4
https://doi.org/10.3389/fimmu.2022.959417
https://doi.org/10.1093/ije/dyr036
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/10.1038/s41588-018-0099-7
https://doi.org/10.1002/gepi.21965
https://doi.org/10.3389/fimmu.2019.01140
https://doi.org/10.3389/fimmu.2014.00423
https://doi.org/10.1038/ni1582
https://doi.org/10.1093/humupd/dmt056
https://doi.org/10.1111/j.1365-2265.1986.tb03589.x
https://doi.org/10.1111/j.1600-0897.1995.tb00912.x
https://doi.org/10.1111/j.1600-0897.1997.tb00312.x
https://doi.org/10.1007/s12011-017-1197-6
https://doi.org/10.1016/0028-2243(89)90095-6
https://doi.org/10.1016/0028-2243(89)90095-6
https://doi.org/10.1146/annurev.immunol.25.022106.141623
https://doi.org/10.1146/annurev.immunol.25.022106.141623
https://doi.org/10.1002/ctm2.448
https://doi.org/10.1111/aji.13622
https://doi.org/10.1186/s12958-023-01102-9
https://doi.org/10.1186/s12958-023-01102-9
https://doi.org/10.1002/rmv.2290
https://doi.org/10.1002/eji.202048658
https://doi.org/10.1002/eji.202048658
https://doi.org/10.1172/jci11066
https://doi.org/10.1172/jci14873
https://doi.org/10.3390/ijms19030859
https://doi.org/10.1097/js9.0000000000001814
https://doi.org/10.1080/19490976.2023.2190304
https://doi.org/10.1080/19490976.2023.2190304
https://doi.org/10.3389/fendo.2025.1456273
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The correlation between primary ovarian insufficiency, sex hormones and immune cells: a two-step Mendelian randomization study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Data sources
	2.3 Instrument variables (IVs) selection
	2.4 MR analysis
	2.5 Statistical analysis

	3 Results
	3.1 Exploration of the causal effect of immunophenotypes on POI
	3.1.1 Bidirectional two-sample MR analysis
	3.1.2 Two-step MR analysis

	3.2 Exploration of the causal effect of POI on immunophenotypes
	3.2.1 Bidirectional two-sample MR analyses
	3.2.2 Two-step MR analysis


	4 Discussion
	5 Conclusions
	Data availability 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


