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Evidence supports associations between gut microbiota and cardiovascular
protein levels in plasma. However, it is unclear whether these associations
reflect a causal relationship. To reveal the causal relationship between gut
microbiota and cardiovascular protein levels in plasma, we estimated their
causal effects using two-sample Mendelian randomization (MR) analysis.
Sensitivity analysis was also performed to assess the robustness of our results.
Genome-wide association study (GWAS) of microbiomes in the MiBioGen study
included 211 bacterial taxa (18,473 individuals), and GWAS of 90 cardiovascular
proteins included 30,931 individuals. There were 196 bacterial taxa from five levels
available for analysis. The following 14 causal relationships were identified: phylum
Euryarchaeota and carbohydrate antigen 125 (3 = 0.289), order Bacillales and CSF-
1(B = -0.211), genus Dorea and HSP-27 (3 = 0.465), phylum Actinobacteria and IL-
8 (B = 0.274), order Enterobacteriales and KIM-1 (8 = -0.499), class Actinobacteria,
genus Bifidobacterium, phylum Actinobacteria and LEP (B = -0.219, B = -0.201,
and B = -0.221), genus Methanobrevibacter and NT-proBNP (B = 0.371), family
Peptostreptococcaceae and SRC (B = 0.191), order Verrucomicrobiales, phylum
Verrucomicrobia and TNF-R2 (8 = 0.251 and B = 0.233), family Veillonellaceae and
t-PA (B = 0.271), and class Erysipelotrichia and VEGF-D (3 = 0.390). Sensitivity
analysis showed no evidence of pleiotropy or heterogeneity. The results of the
reverse MR analysis showed no reverse causality for any of the 13 gut microbes and
11 cardiovascular proteins. Mendelian randomization estimates provide strong
evidence for a causal effect of gut microbiota-mediated alterations on
cardiovascular protein expression.
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Introduction

Gut microbiota is a dynamic and complex ecological
community of microorganisms that inhabit the human gut
(O’Hara and Shanahan, 2006). Twin-based heritability
estimates and macrogenome-wide association studies have
challenged the conventional view of the gut microbiota as a
purely environmental factor (Blekhman et al, 2015; Turpin
et al,, 2016; Liu et al., 2021). Gut microbiota affects immunity,
neurology, psychiatric traits, metabolism, and even circulation of
the body (Gilbert et al., 2018). Many disease states have been
associated with changes in faecal microbiota, including
cardiovascular disease (Brown and Hazen, 2015). Indeed,
specific gut microbiota-dependent metabolites affect host
metabolism and cardiovascular disease. For example,
phenylacetyl glutamine promotes adverse cardiovascular
phenotypes in the host by interacting with multiple adrenergic
receptors (Nemet et al, 2020). Additionally, it has been
suggested that gut microbiota directly influence plasma levels
of proinflammatory factors including some cardiovascular
proteins. For example, Lee et al. found that enterotoxigenic
Bacteroides fragilis-secreted toxin induces IL-8 secretion from
intestinal epithelial cells via the E-Cadherin/fB-Catenin/NF-kB
pathway (Lee et al., 2022). Engevik et al. found that F. nucleatum
produces outer membrane vesicles that activate Toll-like
receptor 4 to drive extracellular signal-regulated kinase, NF-
kB, and proinflammatory cytokine expression (Engevik et al,
2021). Pallikkuth et al. studied rhesus monkeys as non-human
primates, and found that highly abundant archaea and amoebae
in aged animals had a direct correlation with plasma biomarkers
of inflammation and immune activation, such as interleukin
(IL)-6, IL-8, and TNF (Pallikkuth et al., 2021). However, most
studies have examined only a few gut microbes and
cardiovascular proteins. No comprehensive or systematic
randomized controlled trials have been conducted on the
causal relationship between gut microbes and cardiovascular
protein expression in humans.

Typically, the gold standard to infer causality is a
randomized controlled trial (RCT). Considering the difficulty
in implementing RCTs, Mendelian randomization (MR) takes
full advantage of this method. It is an epidemiological method
that strengthens chance inferences by genetic variation as an
instrumental variable for exposure (Burgess and Thompson,
2015). Because parental alleles are randomly assigned to
offspring during meiosis in accordance with Mendel’s second
law, the method minimizes the interference of important
confounding factors such as the natural environment and
socioeconomic level. The use of genetic variation as a valid
instrumental variable in MR analysis relies on three core
assumptions. First, genetic variation must be strongly
correlated to exposure factors (association assumption).
Second, genetic variation cannot be directly correlated to
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outcomes (exclusion restriction assumption). Third, genetic
variation cannot be correlated to any possible confounding
factors (independence assumption) (Emdin et al, 2017). To
date, genetic studies have shown that host genetic variation
affects the composition of the gut microbiota (Sanna et al., 2019).
Therefore, in the present study, we performed two-sample MR
analysis to fully explore whether gut microbiota abundance has a
causal effect on cardiovascular protein levels and to identify
specific pathogenic bacterial taxa.

Material and methods
Gut microbial samples

Sample summary statistics employed GWAS meta-analysis
of the gut microbiome in the MiBioGen study, the largest cohort,
multi-ethnic, genome-wide gut microbiome meta-analysis to
date. The meta-analysis included 18,340 individuals from 22
cohorts consisting of adults or adolescents and two cohorts
consisting of children. There were four multiple ancestry
samples. Single ancestry samples included 16 European
cohorts, one Middle Eastern cohort, one East Asian cohort,
one US Hispanic/Latin cohort, and one African American
cohort. The microbial composition was analysed by targeting
three different variable regions of the 16S rRNA gene: V1-V2
(n=3,716), V3-V4 (n=4,211), and V4 (n=10,413). A total of 211
taxa were included in this study (131 genuses, 35 families, 20
orders, 16 phyla, and nine classes) (Kurilshikov et al., 2021).

Cardiovascular protein samples

Cardiovascular protein phenotypes were obtained from a
recent genomic analysis of 90 cardiovascular proteins in 30,931
individuals. The study included 15 cohorts (13 discovery
datasets and two replication datasets). The analysis identified
451 protein quantitative trait loci associated with the plasma
levels of 85 proteins (P< 5x10°®) (Folkersen et al., 2020).

Genetic instrument selection

Bacterial taxa were analysed at five levels (phylum, class,
order, family, and genus). A unique taxonomic unit was defined
as a feature. Considering that a gene cis region only constitutes a
small proportion of the genome, we relaxed the conventional
genome-wide significance P-value threshold for instrument
selection to P<1x107 (Sanna et al., 2019). We implemented a
series of additional quality control steps to select eligible
instrumental variables (IVs). First, SNPs with allelic
inconsistencies between the exposure and result samples (i.e.,
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A/G vs. A/C) were excluded. Second, palindromic A/T or G/C
alleles were excluded to avoid distortions in strand orientation or
allelic coding. Third, SNPs within each bacterial taxonomic unit
were clustered together and only independent SNPs were
retained. The linkage disequilibrium (LD) threshold for
clustering was set to r2< 0.01 and the size of the clustering
window was set to 500 kb. A total of 1,000 Genome Project
sequencing data (phase 3) were used to estimate LD. Fourth,
horizontal pleiotropy effects, i.e., confounding effects caused by
other diseases, may violate the second hypothesis in the MR
analysis (SNPs are not associated with outcomes). Once
horizontal pleiotropic effects were found, this instrumental
variable was deleted. The MR-Egger regression test and MR-
PRESSO test were applied to detect potential horizontal
pleiotropy and to eliminate the effect of pleiotropy by
removing outliers (Verbanck et al., 2018). Additionally,
genomic coordinates for all correlation analyses were based on
Ensembl GRCh37 reference during the coordination process
(Yates et al., 2020), which removed ambiguous and duplicate
SNPs. For markers without SNP information, SNP conversion
was performed using the ieugwasr package for chr:pos (radius
set to 0).

Mendelian randomization analysis

We performed MR analyses to investigate the causal
relationships between gut microbiota and 90 cardiovascular
proteins. The causal relationship between each pair of bacterial
taxa and plasma metrics was examined using four MR methods:
the inverse variance weighted (IVW) test (Burgess et al., 2013),
weighted median estimator (WME) (Bowden et al., 2016), MR-
Egger regression (Bowden et al., 2015), and MR-PRESSO
(Verbanck et al.,, 2018). Each of the four statistical methods
has its own model assumptions that are explained in detail in
each study (Burgess et al.,, 2013; Bowden et al., 2015; Bowden
et al,, 2016; Verbanck et al,, 2018). The IVW method is slightly
stronger than the other methods under certain conditions
(Bowden et al.,, 2016). Therefore, we performed MR estimation
using IVW as the main method. To account for multiple testing,
we implemented a Bonferroni-corrected allowed type I error rate
(o) of 0.05/n (the effective number of independent bacterial taxa
at the taxonomic level): phylum P = 5.56 x 10 (0.05/9), class
P = 3.33 x 107 (0.05/15), order P=2.50x107(0.05/20), family
P=1.56x10" (0.0 5/32), and genus P=4.20x10"* (0.05/119). To
assess the robustness of significant results, we performed several
sensitivity analyses. The Cochrane Q test for IVW and MR-
Egger regression was used to test for potential heterogeneity.
Moreover, leave-one-out analyses were performed to determine
whether the causal signal was driven by a single SNP.
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Additionally, to assess the strength of the selected SNPs, the F-
statistic was calculated for each bacterial taxonomic unit using
the following equation:

CR(n-1-k)
- (1-RM)k

where R” is the fraction of exposed variance explained by IVs, k
is the number of IVs, and n is the sample size. F-statistic > 10
indicates no strong evidence of weak instrument bias. IVs with an
F-statistic of less than 10 were considered weak IVs and excluded
(Pierce et al, 2011). Because the minor allele frequency was not
provided for SNPs in gut microbes, we estimated the R* values
directly using the get_r_from_pn function of the TwoSampleMR
package. Additionally, we performed reverse MR analysis to explore
the reverse causality of cardiovascular proteins. MR analysis was
performed in R (version 4.1.3) (http://www.r-project.org ) using the
TwoSampleMR package (Hemani et al., 2018).

Results

In the microbiome samples, we excluded three
unknown families and 12 unknown genuses. Additionally,
we found duplicate data for class Verrucomicrobiae and
order Verrucomicrobiales, but fortunately, this did not
affect the results. We therefore chose to retain the order
Verrucomicrobiales with lower species relationships. Thus, nine
phyla, 15 classes, 20 orders, 32 families, and 131 genuses bacterial
taxa were included in the subsequent MR analysis. MR analyses by
the IVW test are summarized in Supplementary Tables 1-3. We
found 14 causal relationships between 13 bacterial characteristics
and 11 cardiovascular protein indicators, including phylum
Euryarchaeota and carbohydrate antigen 125 (CA-125) (P =
1.26 x 10°), order Bacillales and colony-stimulating factor (CSE-
1) (P=5.07x 10, genus Dorea and heat shock protein 27 (HSP-
27) (P = 6.28 x 107), phylum Actinobacteria and interleukin-8
(IL-8) (P = 2.30 x 10°), order Enterobacteriales and kidney injury
molecule-1 (KIM-1) (P = 2.04 x 107), class Actinobacteria, genus
Bifidobacterium, and the phylum Actinobacteria and leptin (LEP)
(P=179x 107, P =4.14 x 10* and P = 3.49 x 107, respectively),
genus Methanobrevibacter and N-terminal pro-brain natriuretic
peptide (NT-proBNP) (P = 3.75 x 10-4), family
Peptostreptococcaceae and proto-oncogene tyrosine-protein
kinase Src (SRC) (P = 549 x 10™), order Verrucomicrobiales
and phylum Verrucomicrobia, and tumor necrosis factor receptor
2 (TNF-R2) (P = 1.88x10 and P = 3.98x107, respectively), family
Veillonellaceae and tissue plasminogen activator (t-PA) (P =9.84 x
10”), and class Erysipelotrichia and vascular endothelial growth
factor D (VEGF-D) (P = 3.07 x 10°). Among them, nine bacterial
traits were positively correlated to IL-8, CA-125, TNF-R2, VEGF-
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D, SRC, t-PA, HSP-27, and NT-proBNP with regression causal effects of phylum and class Actinobacteria on LEP, and
coefficients ranging from 0.19 to 0.47. Five bacterial traits were phylum and order Verrucomicrobia on TNF-R2 were consistent in
negatively and causally correlated to LEP, CSF-1, and KIM-1 with direction (Figure 1). Scatter plots of the 14 causal IVW, WME, and
regression coefficients ranging from -0.50 to -0.20. Notably, the MR-Egger are shown in Figure 2. The F-statistics for all IVs were

Variable Beta Lower 95%CI Upper 95%CI P

Phyum . Actinobacteria — w-s

vw 0274 0.184 0.363 2.30e-03 °

WME 0.157 0.043 0.271 1.68e-01 °

MR-Egger -0.340 -0.691 0.011 3.77e-01 o

MR-PRESSO | 0274 0184 0363 2.26e-02 | ® .

Phylum Actinobacteria - LEP

vw -0.221 -0.296 —0.145 3.49e-03 L ]

WME -0.287 -0.388 -0.187 4.33e-03 °

MR-Egger -0.621 -0.936 -0.307 1.05e-01 .

MR-PRESSO -0.221 -0.281 -0.160 1.08e-02 L]

Phylum Euryarchaeota -— CA-125

vw 0.289 0.199 0.378 1.26e-03 °

WME 0.326 0.225 0.427 1.28e-03 @

MR-Egger 0.287 -0.164 0.738 5.59e-01 °

MR-PRESSO 0.289 0.199 0.378 2.33e-02 o

Phylum o Verrucomicrobia ~ -——  TNF-R2

vw 0.233 0.152 0.314 3.98e-03 o

WME 0.239 0.143 0.335 1.26e-02 @

MR-Egger -0.261 -1.064 0.542 7.76e-01 L 2

MR-PRESSO 0.233 0.186 0.280 1.58e-02 °

Class Actinobacteria — e,

vw -0.219 -0.290 -0.149 1.79e-03 o

WME -0.255 -0.347 -0.163 5.64e-03 °

MR-Egger -0.169 -0.378 0.039 4.54e-01 L

MR-PRESSO -0.219 -0.266 -0.173 3.23e-03 °

Class Erysipelotrichia - VEGF-D

vw 0.390 0.258 0.521 3.07e-03 L 2

WME 0323 0.169 0477 3.55e-02 °

MR-Egger 1375 0.906 1.844 6.08e-02 °

MR-PRESSO 0.390 0.258 0.521 4.15e-02 ®

Order Bacillales - CSF-1

vw -0.211 -0.271 -0.150 5.07e-04 °

WME -0.203 -0.284 -0.122 1.19e-02 ®

MR-Egger -0.114 -0.665 0.437 8.70e-01 o

Order Enterobacteriales - KIM-1

vw -0.499 -0.661 —0.337 2.04e-03 L

Order Verrucomicrobiales - TNF-R2

vw 0.251 0.170 0.332 1.88e-03 °

WME 0.228 0.129 0.326 2.11e-02 L

MR-Egger 0.175 -0.481 0.832 8.15e-01 .

MR-PRESSO 0.251 0.224 0.278 2.65¢-03 °

Family Peptostreptococcaceaé - SRC

vw 0.191 0.136 0.246 5.49e-04 °

WME 0.146 0.072 0.221 5.06e-02 [ ]

MR-Egger 0.198 0.082 0.314 1.27e-01 @

MR-PRESSO 0.191 0.146 0.236 2.11e-03 °

Family Veillonellaceae N

vw 0.271 0.202 0.341 9.84e-05 ®

WME 0.198 0.103 0.292 3.63e-02 °

MR-Egger 0.232 0.092 0.373 1.97e-01 o

MR-PRESSO 0271 0210 0333 117e-02 | L S

Genus Bifidobacterium - LEP

vw -0.201 -0.258 —0.144 4.14e-04 [ ]

WME -0.256 -0.332 -0.181 7.12e-04 °

MR-Egger -0.013 -0.147 0.121 9.27e-01 <

MR-PRESSO -0.201 -0.253 -0.149 1.19e-02 o

Genus Dorea - HSP-27

vw 0.465 0.349 0.582 6.28e-05 °

WME 0.440 0.283 0.597 5.03e-03 L

MR-Egger -0.162 -0.654 0.331 7.74e-01 .

MR-PRESSO 0.465 0.369 0.562 1.71e-02 °

Gerus Methanobrevibacter —~ NT-proBNP

vw 0.371 0.267 0.475 3.75e-04 °

WME 0.371 0.237 0.505 5.53¢-03 °

MR-Egger 0.532 0.020 1.044 4.88e-01 d

,115 0 1'5
FIGURE 1

Forest plot of causal relationships estimated for 13 microbiota and 11 cardiovascular proteins using four MR methods. IVW, inverse variance
weighted; WME, weighted median estimator; MR-Egger, MR-Egger regression; MR-PRESSO, MR-PRESSO test; MR, Mendelian randomization.
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FIGURE 2

Mendelian randomization estimation using multiple SNPs. Light blue, green, and dark blue lines represent the association between microbiota

(exposure) and cardiovascular proteins (outcome) estimated by the IVW method, weighted median estimator, and MR-Egger regression,
respectively. Vertical and horizontal black lines around each point show the 95% confidence interval for each polymorphism exposure
association and polymorphism outcome association, respectively. SNP, single nucleotide polymorphism.
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greater than 10, indicating no evidence of weak instrument bias
(Supplementary Table 4). The MR-Presso test and MR-Egger
regression test did not show a horizontal multidirectional effect
(p>0.05), whereas the statistics for the IVW test and MR-Egger
regression showed no evidence of heterogeneity among the
identified outcomes (P>0.05) (Table 1). Additionally, the leave-
one-out sensitivity analysis showed that no single SNP
significantly affected the causal association (Supplementary
Figure 1). The reverse MR analysis showed no common SNPs
for cardiovascular proteins (P< 1 x 10) and the identified
bacterial features. Therefore, we did not find the presence of
reverse causality.

10.3389/fcimb.2022.1048519

Discussion

In this study, we performed MR analyses to assess the
potential causal relationship between gut microbiota and 90
cardiovascular proteins. Using multi-cohort GWAS statistics of
the gut microbiome and cardiovascular proteins, we identified
13 bacterial signatures that were causally associated with 11
cardiovascular proteins. Phylum Euryarchaeota has a high
incidence and diversity in two body sites, the gut and oral
cavity, as shown by Cai et al. Phylum Euryarchaeota, as an
archaea may produce cancer-related metabolites that contribute
to the human tumour microenvironment and carcinogenesis.

TABLE 1 Sensitive analysis of identified bacterial taxa with cardiovascular proteins.

Bacterial taxa  cardiovascular No. Pleiotropy Heterogeneity
(exposure) proteins of
(outcome) SNP
MR-PRESSO Egger intercepts MR- IVW IVW MR MR-egger
Global P-value intercept se egger test’s test [Egger’s P-value
P- Q P- Q
value value
Phylum IL-8 7 0.401 0.039 0.022 0.131 6.770 0.343 3.523 0.620
Actinobacteria
Phylum LEP 7 0.726 0.025 0.019 0.247 3.850 0.697 2.133 0.831
Actinobacteria
Phylum CA-125 6 0.191 0.000 0.068 0.997 8.735 0.120 8.735 0.068
Euryarchaeota
Phylum TNEF-R2 4 0.829 0.034 0.054 0.599 1.014 0.798 0.632 0.729
Verrucomicrobia
Class Actinobacteria ~ LEP 7 0.875 -0.004 0.016 0.810 2.619 0.855 2.554 0.768
Class Erysipelotrichia VEGF-D 5 0.324 -0.060 0.028 0.119 5.831 0.212 1.157 0.763
Order Bacillales CSE-1 3 NA -0.013 0.074 0.889 1.205 0.547 1.169 0.280
Order KIM-1 2 NA NA NA NA 1.189 0.276 NA NA
Enterobacteriales
Order TNF-R2 4 0.957 0.005 0.047 0.918 0.337 0.953 0.323 0.851
Verrucomicrobiales
Family SRC 10 0.797 -0.001 0.009 0.947 5.922 0.748 5917 0.656
Peptostreptococcaceae
Family t-PA 5 0.579 0.004 0.012 0.768 3.131 0.536 3.026 0.388
Veillonellaceae
Genus LEP 6 0.546 -0.021 0.013 0.197 4.182 0.523 1.796 0.773
Bifidobacterium
Genus Dorea HSP-27 4 0.651 0.041 0.031 0.320 2.079 0.556 0.362 0.834
Genus NT-pro_BNP 3 NA -0.022 0.070 0.802 0.341 0.843 0.238 0.626
Methanobrevibacter
1L-8, Interleukin-8.
LEP, Leptin.
CA-125, Carbohydrate antigen 125.
TNF-R2, Tumor necrosis factor receptor 2.
VEGEF-D, Vascular endothelial growth factor D.
CSF-1, Macrophage-colony stimulating factor.
KIM-1, Kidney injury molecularl.
SRC, Proto-oncogene tyrosine-protein kinase Src.
t-PA, Tissue plasminogen activator.
HSP-27, Heat shock protein 27.
NT-pro_BNP, N-terminal pro-brain natriuretic peptide.
NA, Not Applicable.
No. of SNP, Number of SNPs.
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This is consistent with our findings of a positive correlation
between phylum Euryarchaeota and CA-125 (Cai et al., 2022).
CSF-1 stimulates macrophage colonization and granulocyte
function, and lowers blood cholesterol (Hume and
MacDonald, 2012). He et al. found that order Bacillales lowers
cholesterol (He et al., 2021). Unfortunately, this contradicts our
results. Heat shock protein 27 (Hsp27), also known as heat shock
protein beta-1 (HSPB1), is encoded by the HSPBI gene. It has a
molecular chaperone activity, contributes to heat resistance,
inhibits apoptosis, and regulates cell development and
differentiation (Van Montfort et al, 2001). Qiu et al. found
that, after concurrent chemoradiotherapy of patients with non-
small cell lung cancer, patients in the long-term progression-free
survival group had increased faecal genus Dorea abundance (Qiu
et al, 2022). Interestingly, we also found a positive causal
relationship between genus Dorea and HSP-27 (B = 0.465). In
a randomized controlled trial on the diet of patients with
irritable bowel syndrome, serum proinflammatory IL-6 and
IL-8 levels, and faecal abundance of actinomycetes,
bifidobacteria, and E. faecalis were significantly lower in
patients on the low-FODMAP diet (Hustoft et al., 2017).
Coincidentally, Feng et al. reduced bacterial load with shen-
ling-bai-zhu-san, which reduced bacterial abundance including
Actinobacteria and inhibited interleukin (IL)-1B, IL-6, tumour
necrosis factor-o, and IL-8 (Feng et al., 2020). In accordance
with our results, a decrease in IL-8 may be partly caused by
reduced abundance of phylum Actinobacteria. Many studies
have reported that increased order Enterobacteriales may allow
endotoxins to continuously enter circulation through an
impaired intestinal barrier function, inducing a systemic
inflammatory response to worsen the condition of patients
with chronic kidney disease (Wu et al., 2021; Liu et al., 2022).
Similarly, our study suggested that order Enterobacteriales was
negatively correlated to plasma KIM-1 levels. Significantly
elevated plasma levels of KIM-1 usually indicate early kidney
injury. During this period, KIM-1 may be involved in early
injury and repair of renal tubular epithelial cells and renal
interstitial fibrosis through adhesion, clearance of apoptotic
cells, and the immune response (Ichimura et al, 2012).
Additionally, we found that phylum and class Actinobacteria
was negatively correlated to LEP, a hormone produced mainly
by adipocytes and intestinal epithelial cells in the small
intestines, which regulates the energy balance by suppressing
appetite and reducing fat storage in adipocytes (Machleidt and
Lehnert, 2011). This is consistent with the findings of Yin et al.
and Marques et al. who found that lysine restriction increases
appetite by increasing the abundance of Actinobacteria,
Saccharibacteria, and Synergistetes (Yin et al., 2017). Similarly,
Marques et al. found lower levels of Actinobacteria spp. and
Prevotella, but higher levels of Bifidobacterium and Lactobacillus
in the intestinal flora of a high-fat-diet-induced obese rat model
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(Marques et al.,, 2016). These possible intermediates are caused
by a decrease of LEP in plasma through Actinobacteria and
Bifidobacterium. NT-proBNP is a hormone with an inactive N-
terminal of 76 amino acids, which is cleaved from the molecule
to release brain natriuretic peptide (Bhalla et al., 2004). Infusion
of BNP at pathophysiological concentrations into hypertensive
patients results in a progressive decrease in the left ventricular
end-diastolic volume and left ventricular end-systolic volume as
well as a reduction in cardiac preload (Atisha et al., 2004). Lv
et al. found significant reductions in five bacterial species in the
gut microbiota profile of early-onset preeclampsia women,
including genus Methanobrevibacter (Lv et al., 2019). Thus, we
hypothesized that plasma NT-proBNP decreases with the
decrease in faecal genus Methanobrevibacter, which
contributes to elevated blood pressure in patients. Jia et al.
found an increase in the abundance of four bacteria,
Lactobacillus, Actinomyces, Peptostreptococcaceae, and
Alloscardovia, in the intestinal microbiota of intrahepatic
cholangiocarcinoma patients (Jia et al, 2020). Furthermore,
Liu et al. found that autocrine osteopontin promotes hepatic
progenitor cell expansion and migration by binding to av
integrins and activating SRC activity to reduce membrane E-
calmodulin and increase free cytoplasmic B-linked proteins.
Moreover, this pathway plays a key role in the oncogenic
transformation of hepatic progenitor cells (Liu et al., 2015). In
combination with these previous studies, our findings led us to
the hypothesis that the role of family Peptostreptococcaceae in
the progression of tumours, including hepatocellular carcinoma,
may be mediated through activation of SRC protein kinase,
causing activation of downstream pathways. Tumour necrosis
factor receptor 2 (TNFR2), also known as tumour necrosis factor
receptor superfamily member 1B (TNFRSF1B) and CD120b, is
one of two membrane receptors that bind tumour necrosis
factor-a. (TNFo) (Schall et al., 1990). In a study of the effect of
intermittent fasting (IF) on diabetic retinopathy, Beli et al. found
that the intestinal tract of IF mice had a reduction in both
Bacteroidetes and Verrucomicrobia bacteria and that IF
decreased retinal TNF-o. expression compared with mice fed
ad libitum (Beli et al,, 2018). Therefore, understanding whether
phylum and order Verrucomicrobia are also involved in
reductions of TNF-o. and its membrane receptor TNF-R2 may
provide another novel insight into the causal relationship
between Verrucomicrobia and TNF-R2. Sickle cell disease
(SCD) is an inherited blood disorder that causes intravascular
haemolysis, and slow blood flow can cause microthrombosis
resulting in organ damage. In 14 healthy controls and 14 SCD
subjects, severe ecological dysregulation was observed in SCD
patients with many flora being abundant, including the family
Veillonellaceae (Brim et al., 2021). t-PA is a protein involved in
thrombus breakdown. It is a serine protease that catalyses
conversion of fibrinogen to fibrinolytic enzymes, the main
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enzyme responsible for clot breakdown (Wardlaw et al., 2012).
In agreement with our results, an increase in family
Veillonellaceae positively led to an increase in plasma
t-PA. Pindjakova et al. found that, compared with mice
fed a hypercholesterolemic and proatherogenic diet, low-
fat diet (Paigen diet)-fed mice, Gammaproteobacteria,
Delataproteobacteria, and Erysipelotrichia were more abundant in
obese mice fed a dietary, high-fat obesogenic, but non-
inflammatory diet (Pindjakova et al., 2017). Unfortunately, we
did not find any correlation between class Erysipelotrichia and
VEGEF-D for the time reported. We screened 11 plasma
cardiovascular proteins and found 14 causal relationships
between gut microbiota and these proteins.

In fact, in addition to the effect of gut microbiota on
cardiovascular disease, we found that gut microbiota
influences markers for tumour progression, endocrine
metabolism, and renal organism on the basis of previous
studies. However, it is undeniable that our study has certain
shortcomings. Due to the limitations of data from gut microbes
studies, the bacterial taxa mentioned in this article were only
analysed at the genus and above level and not at the level of more
specific species or strains. Our sample sizes of gut microbiota
and cardiovascular proteins were not very large compared with
some MR analyses with different aims. Moreover, the number of
SNPs representative of each microbiota was relatively small.
Further large-scale RCT clinical trials and studies of biological
mechanisms are needed.

Overall, we comprehensively assessed the potential causal
relationship between gut microbiota and cardiovascular protein
expression. Combined with other studies, we partially confirmed
our conclusions. Therefore, this study may provide new insights
into microbially mediated alterations in cardiovascular
protein levels.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Ethics statement

Studies involving human participants were reviewed and
approved, and all studies were approved by their respective
institutional review boards. No new data were collected and no
new institutional review boards’ approval was required.

Frontiers in Cellular and Infection Microbiology

08

10.3389/fcimb.2022.1048519

Author contributions

All authors contributed to the work presented in this paper.
Conceptualisation, WZ and ZW. Resources, visualisation, and
analysis, SZ, FZ and JD. writing—original draft preparation, WZ
and SZ. writing—editing, ZW. supervision, ZW. project
administration, WZ and ZW. funding acquisition, FZ and ZW.
All authors approved the submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China (No. 81601692 and 81901969), the
Technology Research from the Department of Education of
Liaoning Province (No. JCZR2020013), 345 Talent Project of
Shengjing hospital of China Medical University.

Acknowledgment

We thank Mitchell Arico from Liwen Bianji (Edanz) (https://
www.liwenbianji.cn) for editing the language of a draft of
this manuscript.

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/
fcimb.2022.1048519/full#supplementary-material

frontiersin.org


https://www.liwenbianji.cn
https://www.liwenbianji.cn
https://www.frontiersin.org/articles/10.3389/fcimb.2022.1048519/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2022.1048519/full#supplementary-material
https://doi.org/10.3389/fcimb.2022.1048519
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Zhang et al.

References

Atisha, D., Bhalla, M. A., Morrison, L. K., Felicio, L., Clopton, P., Gardetto, N.,
et al. (2004). A prospective study in search of an optimal b-natriuretic peptide level
to screen patients for cardiac dysfunction. Am. Heart J. 148 (3), 518-523.
doi: 10.1016/1.2hj.2004.03.014

Beli, E., Yan, Y., Moldovan, L., Vieira, C. P., Gao, R.,, Duan, Y., et al. (2018).
Restructuring of the gut microbiome by intermittent fasting prevents retinopathy
and prolongs survival in db/db mice. Diabetes 67 (9), 1867-1879. doi: 10.2337/
db18-0158

Bhalla, V., Willis, S., and Maisel, A. S. (2004). B-type natriuretic peptide: the level
and the drug-partners in the diagnosis of congestive heart failure. Congest Heart
Fail 10 (1 Suppl 1), 3-27. doi: 10.1111/j.1527-5299.2004.03310.x

Blekhman, R., Goodrich, J. K., Huang, K., Sun, Q., Bukowski, R., Bell, J. T., et al.
(2015). Host genetic variation impacts microbiome composition across human
body sites. Genome Biol. 16 (1), 191. doi: 10.1186/s13059-015-0759-1

Bowden, J., Davey Smith, G., and Burgess, S. (2015). Mendelian randomization
with invalid instruments: effect estimation and bias detection through egger
regression. Int. . Epidemiol. 44 (2), 512-525. doi: 10.1093/ije/dyv080

Bowden, J., Davey Smith, G., Haycock, P. C., and Burgess, S. (2016). Consistent
estimation in mendelian randomization with some invalid instruments using a
weighted median estimator. Genet. Epidemiol. 40 (4), 304-314. doi: 10.1002/
gepi.21965

Brim, H., Taylor, J., Abbas, M., Vilmenay, K., Daremipouran, M., Varma, S.,
et al. (2021). The gut microbiome in sickle cell disease: Characterization and
potential implications. PloS One 16 (8), €0255956. doi: 10.1371/
journal.pone.0255956

Brown, J. M., and Hazen, S. L. (2015). The gut microbial endocrine organ:
bacterially derived signals driving cardiometabolic diseases. Annu. Rev. Med. 66,
343-359. doi: 10.1146/annurev-med-060513-093205

Burgess, S., Butterworth, A., and Thompson, S. G. (2013). mendelian
randomization analysis with multiple genetic variants using summarized data.
Genet. Epidemiol. 37 (7), 658-665. doi: 10.1002/gepi.21758

Burgess, S., and Thompson, S. G. (2015). Mendelian randomization: methods for
using genetic variants in causal estimation. (London, UK: Chapman and Hall/
CRQ).

Cai, M., Kandalai, S., Tang, X., and Zheng, Q. (2022). Contributions of human-
associated archaeal metabolites to tumor microenvironment and carcinogenesis.
Microbiol. Spectr. 10 (2), €0236721. doi: 10.1128/spectrum.02367-21

Emdin, C. A., Khera, A. V., and Kathiresan, S. (2017). Mendelian randomization.
Jama 318 (19), 1925-1926. doi: 10.1001/jama.2017.17219

Engevik, M. A, Danhof, H. A,, Ruan, W., Engevik, A. C,, Chang-Graham, A. L.,
Engevik, K. A, et al. (2021). Fusobacterium nucleatum secretes outer membrane
vesicles and promotes intestinal inflammation. mBio 12 (2), €02706-20.
doi: 10.1128/mBi0.02706-20

Feng, J., Dai, W., Zhang, C., Chen, H., Chen, Z., Chen, Y., et al. (2020). Shen-
ling-bai-zhu-san ameliorates inflammation and lung injury by increasing the gut
microbiota in the murine model of streptococcus pneumonia-induced pneumonia.
BMC Complement Med. Ther. 20 (1), 159. doi: 10.1186/s12906-020-02958-9

Folkersen, L., Gustafsson, S., Wang, Q., Hansen, D. H., Hedman A, K., Schork,
A, et al. (2020). Genomic and drug target evaluation of 90 cardiovascular proteins
in 30,931 individuals. Nat. Metab. 2 (10), 1135-1148. doi: 10.1038/s42255-020-
00287-2

Gilbert, J. A., Blaser, M. J., Caporaso, J. G., Jansson, J. K., Lynch, S. V., and
Knight, R. (2018). Current understanding of the human microbiome. Nat. Med. 24
(4), 392-400. doi: 10.1038/nm.4517

He, Q. Li, ], Ma, Y., Chen, Q., and Chen, G. (2021). Probiotic potential and
cholesterol-lowering capabilities of bacterial strains isolated from pericarpium citri
reticulatae ‘Chachiensis’. Microorganisms 9 (6), 1224. doi: 10.3390/
microorganisms9061224

Hemani, G., Zheng, J., Elsworth, B., Wade, K. H., Haberland, V., Baird, D., et al.
(2018). The MR-base platform supports systematic causal inference across the
human phenome. Elife 30 (7), €34408. doi: 10.7554/eLife.34408

Hume, D. A., and MacDonald, K. P. (2012). Therapeutic applications of
macrophage colony-stimulating factor-1 (CSF-1) and antagonists of CSE-1

Frontiers in Cellular and Infection Microbiology

09

10.3389/fcimb.2022.1048519

receptor (CSF-1R) signaling. Blood 119 (8), 1810-1820. doi: 10.1182/blood-2011-
09-379214

Hustoft, T. N., Hausken, T., Ystad, S. O., Valeur, J., Brokstad, K., Hatlebakk, J.
G., et al. (2017). Effects of varying dietary content of fermentable short-chain
carbohydrates on symptoms, fecal microenvironment, and cytokine profiles in
patients with irritable bowel syndrome. Neurogastroenterol Motil. 29 (4), €12969.
doi: 10.1111/nmo.12969

Ichimura, T., Brooks, C. R., and Bonventre, J. V. (2012). Kim-1/Tim-1 and
immune cells: shifting sands. Kidney Int. 81 (9), 809-811. doi: 10.1038/ki.2012.11

Jia, X., Lu, S., Zeng, Z., Liu, Q., Dong, Z., Chen, Y., et al. (2020). Characterization
of gut microbiota, bile acid metabolism, and cytokines in intrahepatic
cholangiocarcinoma. Hepatology 71 (3), 893-906. doi: 10.1002/hep.30852

Kurilshikov, A., Medina-Gomez, C., Bacigalupe, R., Radjabzadeh, D., Wang, J.,
Demirkan, A., et al. (2021). Large-Scale association analyses identify host factors
influencing human gut microbiome composition. Nat. Genet. 53 (2), 156-165.
doi: 10.1038/s41588-020-00763-1

Lee, C. G., Hwang, S., Gwon, S. Y., Park, C,, Jo, M., Hong, J. E,, et al. (2022).
Bacteroides fragilis toxin induces intestinal epithelial cell secretion of interleukin-8
by the e-Cadherin/B-Catenin/NF-kB dependent pathway. Biomedicines 10 (4), 827.
doi: 10.3390/biomedicines10040827

Liu, Y., Cao, L., Chen, R,, Zhou, X, Fan, X,, Liang, Y., et al. (2015). Osteopontin
promotes hepatic progenitor cell expansion and tumorigenicity via activation of -
catenin in mice. Stem Cells 33 (12), 3569-3580. doi: 10.1002/stem.2072

Liu, J,, Gao, L. D,, Fu, B, Yang, H. T., Zhang, L,, Che, S. Q,, et al. (2022). Efficacy and
safety of zicuiyin decoction on diabetic kidney disease: A multicenter, randomized
controlled trial. Phytomedicine 100, 154079. doi: 10.1016/j.phymed.2022.154079

Liu, X,, Tang, S., Zhong, H., Tong, X,, Jie, Z., Ding, Q., et al. (2021). A genome-
wide association study for gut metagenome in Chinese adults illuminates complex
diseases. Cell Discovery 7 (1), 9. doi: 10.1038/s41421-020-00239-w

Lv,L.J., Li, S. H,, Li, S. C, Zhong, Z. C., Duan, H. L., Tian, C,, et al. (2019). Early-
onset preeclampsia is associated with gut microbial alterations in antepartum and
postpartum women. Front. Cell Infect. Microbiol. 9. doi: 10.3389/fcimb.2019.00224

Machleidt, F., and Lehnert, H. (2011). [Central nervous system control of energy
homeostasis]. Dtsch Med. Wochenschr 136 (11), 541-545. doi: 10.1055/s-0031-1274539

Marques, C., Meireles, M., Norberto, S., Leite, J., Freitas, J., Pestana, D., et al.
(2016). High-fat diet-induced obesity rat model: a comparison between wistar and
sprague-dawley rat. Adipocyte 5 (1), 11-21. doi: 10.1080/21623945.2015.1061723

Nemet, I, Saha, P. P., Gupta, N., Zhu, W., Romano, K. A,, Skye, S. M,, et al.
(2020). A cardiovascular disease-linked gut microbial metabolite acts via
adrenergic receptors. Cell 180 (5), 862-877.e822. doi: 10.1016/j.cell.2020.02.016

O’Hara, A. M., and Shanahan, F. (2006). The gut flora as a forgotten organ.
EMBO Rep. 7 (7), 688-693. doi: 10.1038/sj.embor.7400731

Pallikkuth, S., Mendez, R., Russell, K., Sirupangi, T., Kvistad, D., Pahwa, R., et al.
(2021). Age associated microbiome and microbial metabolites modulation and its
association with systemic inflammation in a rhesus macaque model. Front.
Immunol. 12. doi: 10.3389/fimmu.2021.748397

Pierce, B. L., Ahsan, H., and Vanderweele, T. J. (2011). Power and instrument
strength requirements for mendelian randomization studies using multiple genetic
variants. Int. J. Epidemiol. 40 (3), 740-752. doi: 10.1093/ije/dyq151

Pindjakova, J., Sartini, C., Lo Re, O., Rappa, F., Coupe, B., Lelouvier, B., et al.
(2017). Gut dysbiosis and adaptive immune response in diet-induced obesity vs.
Systemic Inflammation. Front. Microbiol. 8. doi: 10.3389/fmicb.2017.01157

Qiu, B, Xi, Y., Liu, F,, Li, Y., Xie, X., Guo, J., et al. (2022). Gut microbiome is
associated with the response to chemoradiotherapy in patients with non-small cell
lung cancer. Int. J. Radiat. Oncol. Biol. Phys. S0360-3016 (22), 00749-0.
doi: 10.1016/j.ijrobp.2022.07.032

Sanna, S, van Zuydam, N. R., Mahajan, A., Kurilshikov, A., Vich Vila, A, Vosa, U,,
etal. (2019). Causal relationships among the gut microbiome, short-chain fatty acids and
metabolic diseases. Nat. Genet. 51 (4), 600-605. doi: 10.1038/s41588-019-0350-x

Schall, T. J., Lewis, M., Koller, K. J., Lee, A., Rice, G. C., Wong, G. H,, et al.
(1990). Molecular cloning and expression of a receptor for human tumor necrosis
factor. Cell 61 (2), 361-370. doi: 10.1016/0092-8674(90)90816-w

frontiersin.org


https://doi.org/10.1016/j.ahj.2004.03.014
https://doi.org/10.2337/db18-0158
https://doi.org/10.2337/db18-0158
https://doi.org/10.1111/j.1527-5299.2004.03310.x
https://doi.org/10.1186/s13059-015-0759-1
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1371/journal.pone.0255956
https://doi.org/10.1371/journal.pone.0255956
https://doi.org/10.1146/annurev-med-060513-093205
https://doi.org/10.1002/gepi.21758
https://doi.org/10.1128/spectrum.02367-21
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1128/mBio.02706-20
https://doi.org/10.1186/s12906-020-02958-9
https://doi.org/10.1038/s42255-020-00287-2
https://doi.org/10.1038/s42255-020-00287-2
https://doi.org/10.1038/nm.4517
https://doi.org/10.3390/microorganisms9061224
https://doi.org/10.3390/microorganisms9061224
https://doi.org/10.7554/eLife.34408
https://doi.org/10.1182/blood-2011-09-379214
https://doi.org/10.1182/blood-2011-09-379214
https://doi.org/10.1111/nmo.12969
https://doi.org/10.1038/ki.2012.11
https://doi.org/10.1002/hep.30852
https://doi.org/10.1038/s41588-020-00763-1
https://doi.org/10.3390/biomedicines10040827
https://doi.org/10.1002/stem.2072
https://doi.org/10.1016/j.phymed.2022.154079
https://doi.org/10.1038/s41421-020-00239-w
https://doi.org/10.3389/fcimb.2019.00224
https://doi.org/10.1055/s-0031-1274539
https://doi.org/10.1080/21623945.2015.1061723
https://doi.org/10.1016/j.cell.2020.02.016
https://doi.org/10.1038/sj.embor.7400731
https://doi.org/10.3389/fimmu.2021.748397
https://doi.org/10.1093/ije/dyq151
https://doi.org/10.3389/fmicb.2017.01157
https://doi.org/10.1016/j.ijrobp.2022.07.032
https://doi.org/10.1038/s41588-019-0350-x
https://doi.org/10.1016/0092-8674(90)90816-w
https://doi.org/10.3389/fcimb.2022.1048519
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Zhang et al.

Turpin, W., Espin-Garcia, O., Xu, W,, Silverberg, M. S., Kevans, D., Smith, M. I,
et al. (2016). Association of host genome with intestinal microbial composition in a
large healthy cohort. Nat. Genet. 48 (11), 1413-1417. doi: 10.1038/ng.3693

Van Montfort, R,, Slingsby, C., and Vierling, E. (2001). Structure and function of
the small heat shock protein/alpha-crystallin family of molecular chaperones. Adv.
Protein Chem. 59, 105-156. doi: 10.1016/s0065-3233(01)59004-x

Verbanck, M., Chen, C. Y., Neale, B., and Do, R. (2018). Detection of widespread
horizontal pleiotropy in causal relationships inferred from mendelian
randomization between complex traits and diseases. Nat. Genet. 50 (5), 693-698.
doi: 10.1038/s41588-018-0099-7

Wardlaw, J. M., Murray, V., Berge, E., del Zoppo, G., Sandercock, P., Lindley, R.
L., et al. (2012). Recombinant tissue plasminogen activator for acute ischaemic

Frontiers in Cellular and Infection Microbiology

10

10.3389/fcimb.2022.1048519

stroke: an updated systematic review and meta-analysis. Lancet 379 (9834), 2364—
2372. doi: 10.1016/50140-6736(12)60738-7

Wu, R, Ruan, X. L,, Ruan, D. D., Zhang, J. H.,, Wang, H. L., Zeng, Q. Z,, et al.
(2021). Differences in gut microbiota structure in patients with stages 4-5 chronic
kidney disease. Am. J. Transl. Res. 13 (9), 10056-10074.

Yates, A. D., Achuthan, P., Akanni, W., Allen, J., Allen, J., Alvarez-Jarreta, J.,
et al. (2020). Ensembl2022, 020. Nucleic Acids Res. 48 (D1), D682-d688.
doi: 10.1093/nar/gkz966

Yin, J., Han, H,, Li, Y, Liu, Z,, Zhao, Y., Fang, R, et al. (2017). Lysine restriction
affects feed intake and amino acid metabolism via gut microbiome in piglets. Cell
Physiol. Biochem. 44 (5), 1749-1761. doi: 10.1159/000485782

frontiersin.org


https://doi.org/10.1038/ng.3693
https://doi.org/10.1016/s0065-3233(01)59004-x
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1016/s0140-6736(12)60738-7
https://doi.org/10.1093/nar/gkz966
https://doi.org/10.1159/000485782
https://doi.org/10.3389/fcimb.2022.1048519
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Causal relationship between gut microbes and cardiovascular protein expression
	Introduction
	Material and methods
	Gut microbial samples
	Cardiovascular protein samples
	Genetic instrument selection
	Mendelian randomization analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgment
	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 /LeaveColorUnchanged
  /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


