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Siglec receptors impact mammalian lifespan by modulating oxidative stress
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Figure 1. Correlation between gene numbers in gene families and maximum lifespan in mammals. Numbers of
CD33rSiglecs (A), KLK (B), IgG Fc receptors (C), and TLRs genes (D) and maximum lifespan in 14 mammalian species
listed in Figure 1—figure supplement 1. (E and F) Correlation of CD33rSIGLECs and maximum lifespan after
correction for average adult body weight and phylogeny. PGLS: A = 1, phylogenetic tree | (E) or tree Il (F) were used.
The Pearson'’s correlation coefficient (R?) for each plot is indicated.
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) 3 ) . Number of genes

Species Maximum lifespan (years) | Average adult body weight (g) SIGLEG T TR T TLR T RIS
Mus musculus 4 21 5 4 12 26
Monodelphis domestica 5 105 2 10 8
Canis familiaris 24 40000 6 3 9 13
Callithrix jaccus 16.5 255 5 4 9 12
Bos taurus 20 750000 6 4 10 13
Macaca mulatta 40 8235 8 4 11 11
Pongo pygmaeus 59 64475 8 4 10 14
Homo sapiens 120 62035 10 8 9 15
Pan troglodytes 59 44984 9 5 10 11
Loxodonta africana 65 4800000 10 4 10 7
Equus caballus 57 250000 10 4 10 13
Felis catus 30 3900 5 2 12 6
Sus scrofa 27 180000 6 2 11 0
Rattus norvegicus 4 300 4 6 12 22

Figure 1—figure supplement 1. Data of 14 mammalian species used for analysis of correlation. Maximum lifespan
and average adult body weight were retrieved from the AnAge database. The number of genes of each family was
either found in the literature or searched following the methodology described in the ‘Materials and methods'.
DOI: 10.7554/elife.06184.004
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Figure 1—figure supplement 2. Correlation between number of genes of each family and maximum lifespan. Data
are shown in a linear scale, whereas are presented in a logarithmic scale in Figure 1 for statistical reasons. The
correlation coefficient (R2) is indicated for each plot.
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Figure 1—figure supplement 3. Phylogeny and tree branch information. Phylogeny and tree branch information
used in this study were obtained from Prasad et al. (2008) and trimmed by Archaeopteryx 0.957 (Zmasek and
Eddy, 2001, Han and Zmasek, 2009) down to the same 14 species. The topology is also indicated in the Newick
tree format.
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Figure 2. Absence of immunomodulatory Siglec-E aggravates aging phenotypes and reduces lifespan in mice. (A)
Survival curves of C57BL/6 WT and Siglec-E™~ male (n = 59-62) and female (n = 58-59) littermates. Data are from
two independent cohorts (cohort 1 included 31 WT and 38 Siglec-E~~ males, 31 WT and 33 Siglec-E~~ females.
Cohort 2 included 28 WT and 23 Siglec-E~~ males, 27 WT and 26 Siglec-E~~ females). Log-rank test analysis showed
significant differences in the survival curves both in males and females (males: y* = 5.833, d.f. = 1 and p = 0.0157;
females: y? = 8.821, d.f. = 1 and p = 0.0030). (B and C) Mice at 80 weeks were assessed for spatial learning and
memory via Barnes maze. Latency to escape (B) and number of errors before finding the escape box (C) are
indicated in 3-day interval. Error bars reflect mean + s.e.m. (n = 11). p was calculated with a Student’s t test. (D) Hair
graying of males was evaluated by three independent observers in a blind test. Average rank scores for each mouse
are indicated. Error bars reflect mean + s.e.m. (n = 9-11). p was calculated with a Student’s t test. (E) Surviving mice
were sacrificed at 100 weeks of age. Representative field of p-galactosidase staining of liver. Arrows indicate cells
with increased localized staining. Scale bar is 100 pm. (F) Skin epidermal thickness was measured for WT and Siglec-
E~~. Mean and s.e.m. are indicated, n = 12, p was calculated with a Student’s t test.
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Figure 2—figure supplement 1. Expression of Siglec-E in
mouse tissues. Sections of frozen organs from WT and
Siglec-E™~ animals were stained with anti-Siglec-E anti-
bodies. Siglec-E is expressed in splenocytes and in tissue
macrophages in liver, heart, and kidney.

DOI: 10.7554/eLife.06184.010
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Figure 2—figure supplement 2. Exposure to human red blood cell membranes does not impact survival of
Siglec-E™'~ mice. Survival curves of mice intraperitoneally (IP) injected with human red blood cell membranes
and Freund'’s adjuvant (ADJ + HRBC). Controls mice were injected with adjuvant and PBS (ADJ + PBS) or PBS
only. There are no significant differences between groups. Log-rank (Mantel-Cox) test: Chi square = 1.310,

df = 3, p = 0.7268. Gehan-Breslow-Wilcoxon test: Chi square = 0.6019, df = 3, p = 0.8960.
DOI: 10.7554/elLife.06184.011
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Figure 2—figure supplement 3. Deletion of Siglec-E does not alter body weight increase. Weights of mice were

recorded for mice from the two cohorts characterized in this study. Indicated are mean + sem, * indicates p < 0.05.
DOI: 10.7554/elife.06184.012
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WT Siglec-E™ ¢ test CORE normal
Mean] SD |Mean] SD p value (if<0.1) | Mean | SD
HEMATOLOGY n= 16 n= 16
WBC (K/uL) 6.61 ] 418 ] 794 ] 5.5 891 | 2.5
Neutrophils (K/ul) 1.5 | 1.38 | 1.68 | 1.18 1.5 1
Lymphocytes (K/ul) 4.46 | 2.55 | 5.63 | 4.15 6.9 2
Monocytes (K/uL) 0.57] 0.8 | 0.55] 0.39 04 | 0.2
Eosinophils (K/uL) 0.06 ] 0.06 | 0.08 | 0.1 0.14 ]0.12
Basophils (K/pL) 0.01 ] 0.02 ] 0.01 | 0.02 0.03 ]0.03
RBC (M/ulL) 9.15] 1.29 | 9.28 | 0.62 9.5 1.3
HGB (g/dL) 126 | 1.7 12 1 143 | 2.6
HCT (%) 373 ] 55 ] 359] 33 47 7.3
MCV (fL) 40.8 2 3871 2.3 0.01 49.4 4
MCH (pg) 138 1 0.8 | 129 ] 0.7 0.005 14.9 1
MCHC (g/dL) 338 ] 2.5 |1 335] 1.8 30.3 3
RDW (%) 195 ] 1.6 19 0.9 17.89 | 1.15
PLT (K/uL) 1173 | 557 | 1665 ] 360 0.006 1350.7 ] 338
MPV (fL) 5.55 ] 0.61 | 5.08 | 0.24 0.008 5 0.4
CHEMISTRY n= 15 n= 13
Glucose (mg/dL) 130.6] 81 | 170.1] 99.6 154 ]36.9
Urea nitrogen (mg/dL) 25 | 28.1 ] 22.1] 6.1 242 | 3.9
Creatinine (mg/dL) 0.3 0.2 0.3 0.2 0.2 0.1
Bicarbonate (mEq/L) 163 ] 3.7 | 13.5] 2.3 0.027 135 | 4.4
Chloride (mEqg/L) 102.7] 64 | 100 | 74 106 | 4.2
Sodium (mEg/L) 150.5] 5.3 |145.5] 5.6 0.022 149.5 | 5.6
Potassium (mEq/L) 11 3.8 ] 114 ] 3.1 5.1 0.6
Calcium (mg/dL) 9.3 1 9.3 0.3 9.3 0.5
Total bilirubin (mg/dL) 0.1 0 0.2 0 0.1 ]0.02
Albumin (g/dL) 3 0.5 3.3 0.3 0.062 3.62 ]0.16
Total protein (g/dL) 5.7 0.6 5.8 0.4 4.9 0.2
AST (SGOT) (IU/L) 212.7]145.8233.9] 1774 55.1 ]25.3
ALT (SGPT) (IU/L) 48.9 | 353 | 96.6 | 974 0.088 31.2 | 17.7
Alkaline phos, total TU/L)| 58.4 | 39.7 | 55.9 | 17.3 92 1362
Anion Gap 31.5 ] 85 32 3.3 26.2 | 14.5

Figure 2—figure supplement 4. Hematology and serum chemistry values of male mice at the termination of the
study.
DOI: 10.7554/eLife.06184.013

Schwarz et al. eLife 2015;4:e06184. DOI: 10.7554/eLife.06184 10 of 18


http://dx.doi.org/10.7554/eLife.06184.013
http://dx.doi.org/10.7554/eLife.06184

eLIFE

Genomics and evolutionary biology | Immunology
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Figure 2—figure supplement 5. Absence of Siglec-E is associated with overall increased inflammation in liver and lung. Paraffin sections of liver or lungs
from WT and Siglec-E~~ animals were analyzed for inflammation using anti-CD45 immunohistochemistry and demonstrate many more areas with
accumulation of inflammatory cells in Siglec-E~~ age mice.

DOI: 10.7554/elLife.06184.014
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Figure 2—figure supplement 6. Deletion of Siglec-E
does not affect locomotor activity. WT and Siglec-E™~
mice show habituation of activity (a significant decrease)
across the 2 hr test in the activity chamber. There are no
differences between the groups. Indicated are mean +
sem, * indicates p < 0.05, n = 7-11.

DOI: 10.7554/eLife.06184.015
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Figure 3. Altered ROS homeostasis in mice lacking Siglec-E. (A) Neutrophils purified from bone marrow were
incubated with immunocomplexes. Cells producing vacuolar ROS were measured by flow cytometry after 60 min.
Representative of three experiments, for each n = 3. (B) Neutrophils secrete ROS upon stimulation with PMA for

60 min. Extracellular ROS were detected with a probe that does not cross the plasma membrane (n = 11-12).

(C) Representative Gstp1 immunohistochemistry in liver from WT or Siglec-E~~ male mice at 100 weeks.
Expression pattern is altered in the knockout mice. (D) Immunoblot analysis and quantification of Gstp1
expression in liver of 100-week-old mice. The level of Gstp1 protein is reduced of about 40%. p was calculated

with a Student’s t test, n = 4.
DOI: 10.7554/elLife.06184.016
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Figure 3—figure supplement 1. Neutrophils lacking Siglec-E are more prone to oxidative burst. Neutrophils isolated from bone marrow were incubated
with immunocomplexes conjugated with a probe sensitive to ROS. Flow cytometry profiles at 60 min indicate that cells lacking Siglec-E are more prone to

produce ROS, whereas the levels of ROS are comparably low before stimulation. Gates indicate cells producing ROS.

DOI: 10.7554/eLife.06184.017
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Figure 3—figure supplement 2. Thioglycollate-elicited
neutrophils from Siglec-E~~ produce higher ROS than
WT controls. Neutrophils isolated from peritoneum
were incubated with immunocomplexes conjugated
with a probe sensitive to ROS. The percentage of cells
producing ROS after 60 min of incubation is higher
when Siglec-E is absent, n = 3.

DOI: 10.7554/elife.06184.018
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Figure 3—figure supplement 3. Gstp1 is found in lower levels in the liver of Siglec-E~~ mice. (A) Representative
images generated during analysis of Gstp1 staining of liver tissues. Original images (left) were converted to
grayscale to discard color information and only indicate brightness. Normalized images are shown in the second
column (with jet color map). Images with pixel labels are in the third column (red: bright pixels, blue: dark pixels,
green: discarded from analysis). In the last column, the labeled images are overlayed on the original image to
compare pixel labels to the original (30% transparency). Three images per liver sample were acquired and

processed in this way. (B) Quantification of the Gstp1 staining, as measured by the proportion of dark/bright areas.
Mean + sem, n = 8.

DOI: 10.7554/elife.06184.019
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Figure 4. Increased oxidative damage in mice lacking Siglec-E. (A) Oxidative damage of DNA (AP sites, apurinic/
apyrimidinic sites) was measured in the liver from WT and Siglec-E~'~ mice at 100 weeks, n = 10. (B) Nitrotyrosine
(NO,Tyr) accumulation in plasma proteins of Siglec-E~~ mice, n = 8. (C and D) Concentrations of F2-isoprostanes
in urine derived from free radical-induced oxidation of arachidonic acid. Values were normalized by creatinine
levels to account for dilution in urine. F2-Isoprostane levels are significantly higher in Siglec-E~~ mice. Data are
mean + s.e.m., Student’s t test.

DOI: 10.7554/elife.06184.020
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Figure 4—figure supplement 1. Spleen and brain of
aged WT and mutant mice have equivalent levels of DNA
damage. Quantification of apurinic/apyrimidinic (AP) sites
in DNA from spleen or brain. Mean + sem is indicated.
DOI: 10.7554/eLife.06184.021
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Figure 4—figure supplement 2. Young Siglec-E~~
mice exhibit levels of DNA damage comparable to WT.
Quantification of AP sites in DNA from liver, heart, or
spleen of 10-week-old mice. DNA damage is expressed
as ratio between DNA damage in Siglec-E~~ and WT
animals, n = 3.

DOI: 10.7554/eLife.06184.022
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Figure 4—figure supplement 3. Oxidation of hepatic
proteins. Protein-bound oxidized amino acid content
(normalized to the precursor amino acid) in proteins
from liver homogenates was determined by stable
isotope dilution LC/MS/MS analysis. Methyl-tyrosine
(m-Tyr) is a stable adduct of phenylalanine (Phe).
Brominated tyrosine (BrTyr) is formed by brominating
oxidants. Di-tyrosine (Tyr) is an oxidative crosslink.
Indicated is mean + sem, n = 8.

DOI: 10.7554/elife.06184.023
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