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PUBLIC SUMMARY

= PAHSA protects hematopoietic stem cells (HSCs) from pyroptosis and maintains hematopoietic homeostasis.
= PAHSA inhibits LPS delivery into cytosol, blocking non-canonical inflammasome activation.

= PAHSA is potential for anti-infection treatment in obese and diabetic patients.
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Hematopoietic stem cells (HSCs) serve as key resources of the blood
system and their maintenance in the bone marrow niche is vital for the host
survival. Pyroptosis following inflammasome activation is a common event
when myeloid cells encounter danger signals. Whether inflammasome acti-
vation takes place in HSCs during their maintenance in the bone marrow is
still elusive. Here we show that insufficient PAHSA caused by ATGL defi-
ciency leads to increased pyroptosis and exhaustion of HSCs in Pnpla2
knockout mice. PAHSA affects HSC viability in a cell-extrinsic manner. With
the help of HMGBT1, seral LPS enters HSC cytosol and induces the non-
canonical inflammasome activation mediated by the caspase-4/11, lead-
ing to HSC pyroptosis and exhaustion. Seral PAHSA binds LPS and hinders
LPS binding to HMGBT1, thus limiting the intracellular LPS levels in HSCs.
PAHSA protects HSCs from LPS-stimulated non-canonical inflammasome
activation and pyroptosis in obese mice, providing a promising approach to
ameliorate HSC status in obese people in the future.

INTRODUCTION

Hematopoietic stem cells (HSCs) lie in the most upstream of the
hematopoietic system.'” HSCs replenish the blood system through consis-
tent self-renewal and differentiation into multipotent progenitor cells and
finally mature blood cell members.* The self-renewal of HSCs is finely regu-
lated to keep these cells capable of making numerous cells when necessary.”
Chronic interleukin-1 signaling compromises the self-renewal of HSCs.’
Prolonged LPS exposure elevates proliferative stress in HSCs.” HSCs expand
post the uptake of free fatty acid during acute infection.'” Moreover, pyropto-
sis in HSCs dominates the cytopenias caused by infection.'"'”

Inflammasomes are immune processes that in most cases the assembly
of NOD-like receptors activates caspase-1,an executor caspase that acti-
vates GSDMD to induce a form of cell death called pyroptosis."** Non-
canonical inflammasomes are comprised of murine caspase-11 and human
caspase-4, caspase-5, which can directly recognize LPS in the cytoplasm
and cleave GSDMD further inducing pyroptosis.'®'® Extracellular LPS binds
HMGBT and enters myeloid cell cytosol, and activates the caspase-4/11 to
evoke the non-canonical inflammasome activation and pyroptosis.'”'® HSCs
are myeloid-like cells to some extent and express components involved in the
HSC cytosol and induces the non-canonical inflammasome activation in
these cells are not clear at present.

ATGL is the enzyme that catalyzes the metabolism of triacylglycerol.”"*
Recently, ATGL is found to be a candidate enzyme for the production of
branched fatty acid esters of hydroxy fatty acids (FAHFAs).”* Palmitic-acid-9-
hydroxy-stearic acid (9-PAHSA) is the most abundant branched fatty acid in
mammals.”* Branched fatty acids have anti-diabetic and anti-inflammatory
effects.” The amount of PAHSAs is decreased in diabetic people,”*”® leaving
the question that whether these branched fatty acids have a role in the
progress of diabetic progression.

Here we show that ATGL deficiency leads to diminished HSC cell numbers
in mice. PAHSA binds LPS and suppresses the activation of non-canonical
inflalmmasome in HSCs. PAHSA inhibits pyroptosis of HSCs and maintains
the HSC homeostasis in obese mice. Our results uncover a protective role of
PAHSA in HSC maintenance and might be useful for ameliorating the

hematopoiesis in obese people in the future.

MATERIALS AND METHODS
Mice and treatments

NIrp3™~ (S-K0O-05210), Casp117~ (S-K0-01332), Gsdmd™~ (S-K0O-12963),
Ager'©/™ (S-CK0-01095) and Vav-iCre (C001019) mice were purchased from
Cyagen Biosciences (Jiangsu, China). Pnpla2”’~ (NM-KO-210286) mice were
from Shanghai Model Organisms (Shanghai, China). tdTomato-transgenic
(007909) mice were from the Jackson Laboratory. Ager™®/™* mice were
crossed with Vav-iCre mice to generate mice with Ager specifically deleted in
HSCs. In this study, Ager™/™*Vav-iCre mice were termed as Ager’~ mice and
Ager™™ mice were called Ager” mice. tdTomato-transgenic mice were
crossed with Ager”’™ mice to get Ager’~ HSCs constitutively expressing the
red fluorescence protein. For obese mice generation, mice were fed with a
high-fat diet for 10 weeks. For antibiotics treatment, mice were adminis-
trated with drinking water containing 1 mg/ml ampicillin, T mg/ml gentam-
icin, T mg/ml metronidazole, 1 mg/ml neomycin, 0.5 mg/ml vancomycin, 5
g/L sucrose for one month. Mouse experiments complied with ethical regula-
tions and were approved by the Institutional Animal Care and Use Commit-
tees at the Institute of Microbiology, Chinese Academy of Sciences.

Bone marrow transplantation

For bone marrow transplantation, sorted LT-HSCs or bone marrow nucle-
ated cells together with 3 x 10° recipient bone marrow cells were intra-
venously injected into lethally irradiated (10 Gy) recipient mice through tail
vein, followed by reconstitution examination at the proper times. Mouse
experiments complied with ethical regulations and were approved by the
Institutional Animal Care and Use Committees at the Institute of Microbiol-
ogy, Chinese Academy of Sciences.

Cells and culture

For HSC cell culture, cells were cultured in StemPro-34 media (Invitrogen)
containing 4 mM L-glutamine, 100 pg/ml streptomycin, 100 U/ml penicillin as
well as the following cytokines: 10 ng/ml IL-3, 25 ng/ml SCF, 25 ng/ml Ftl-3L,
10 ng/ml GM-CSF, 25 ng/ml IL-11, 4 U/ml Epo, and 25 ng/ml Tpo. To gener-
ate BMDM cells, bone marrow cells were flushed from mouse femurs and
tibias, followed by red blood cell removal using red blood cell lysis buffer.
Cells were resuspended in alpha-MEM containing 10% (v/v) fetal bovine
serum and 10 ng/ml M-CSF and grown at 37 °C with a 5% CO, humidified
atmosphere for 7 days.

CFU assay

Bone marrow nucleated cells or sorted HSCs were seeded in dishes
containing IMDM, supplemented with 1.2% methylcellulose (STE MCELL
Technologies), 40 UM 2-mercaptoethanol, 0.5 mM haemin, 30% FBS, 2 mM |-
glutamine, 20 ng/ml rmIL-3, 6 U/ml recombinant human EPO, and 20 ng/ml
recombinant mouse SCF. Colonies of CFU-GM (granulocyte/macrophage),
CFU-G (granulocyte), and CFU-M (macrophage) were calculated 10 days
after incubation at 37 °C.

LT-CIC assay
A Long-Term Culture-Initiating Cell (LT-CIC) assay was performed using
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Figure 1. Pnpla2 knockout mice have a decreased number of HSCs (A-B) Hematoxylin and eosin (H&E) staining of BM sections from Pnpla2"* and Pnpla2”’~ mice (A). Scale
bar, 100 pm. Cell numbers of bone marrow nucleated cells (BMNC) were calculated using a flow cytometer (B). (C) Flow cytometric analysis of BM HSCs in Pnpla2*’* and
Pnpla2”~ mice at 8 weeks of age. Sca-1"c-Kit" cells in the Lin~ and IL-7Ra” population were gated out for the LT-HSC analysis. (D) The percentages of LT-HSCs in the bone
marrow nucleated cells were calculated. (E) The cell numbers of LT-HSCs in one femur of the indicated mice were shown. (F) Sorted LT-HSCs were stained with propidium iodide
(PI) and the percentages of Pl positive cells were calculated. (G—1) Pnpla2”* and Pnpla2”’~ mice were administrated with 150 mg/ml disulfiram through drinking water for one
month. The cell numbers of BMNCs were calculated using a flow cytometer (G). The cell numbers of LT-HSCs in one femur of the indicated mice were calculated using a flow
cytometer (H). LT-HSCs sorted from the indicated mice were stained with Pl and the percentages of P positive cells were calculated (1). (J—L) PnplaZ”’~ mice were crossed with
Gsdmd™~ mice to get the mice deficient for both Pnpla2 and Gsdmd. The cell numbers of BMNCs were calculated using a flow cytometer (J). The cell numbers of LT-HSCs in
one femur of the indicated mice were calculated using a flow cytometer (K). LT-HSCs sorted from the indicated mice were stained with Pl and the percentages of Pl positive cells
were calculated (L). Data were shown as means + SD. *, P< 0.05; **, P< 0.01; ***, P< 0.001. Experiments were repeated three times with similar results.

primary bone marrow cells as feeder layer cells. For feeder layer cell genera-
tion, bone marrow nucleated cells were mixed with hydrocortisone-contain-
ing MyeloCult M5300 media (LTCM) and plated on to culture dishes at a
concentration of 1 x 10° cells/cm? Culture media were half replaced with
fresh LTCM once a week for 2—3 weeks until the culture adhesive layer has
been established with an about 80% fusion. Feeder cells were then radiated at
a dose of 1500 cGy. For long-term culture of initiating cells, bone marrow
cells or sorted HSCs were supplemented in LTCM and plated on dishes with
established feeder layer cells. 2 weeks later, cells were digested. Cells with a
lymphoid morphology were collected through a flow cytometric cell sorter
and subjected to a CFU assay.

Non-canonical inflammasome induction

For non-canonical inflammasome activation, in vitro cultured cells were
incubated with T mg/ml LPS and 1 mg/ml HMGBT1 protein, followed by PI
staining and ASC specks examination. Cells were grown at 37 °C with a 5%
CO, humidified atmosphere.

RESULTS
Pnpla2 knockout induces pyroptosis in HSCs

ATGL is responsible for the branched fatty acid production in mammalian
cells.” Its role in the hematopoiesis has not been explored. We therefore
examined the effect of Pnpla2 (the gene encoding ATGL) deficiency on the
hematopoietic system (Figure STA). We found that the bone marrow cellular-
ity of Pnpla2 deficient mice were severely reduced when compared with that
of wild-type controls (Figures TA & B). In the bone marrow, the percentage of
long-term HSC (LT-HSC) cells in the lineage Sca-1*c-Kit* (LSK) subgroup
was decreased in Pnpla2 knockout mice (Figure 1C). Consistently, the
percentage of LT-HSCs in the bone marrow and the total number of LT-HSCs
were also diminished in Pnpla2 deficient mice (Figures 1D & E). When we
looked at the status of cell viabilities in LT-HSCs, we found that the percent-
age of propidium iodide (PI) positive cells was higher in Pnpla2 deficient cells
than that in wild-type ones (Figure 1F). Pyroptosis is involved in HSC regula-
tion during infections.”” We then stained these HSCs with an antibody against
ASC, an essential regulator of inflammasomes, whose aggregation is a hall-
mark of the inflammasome activation. We found that there were more cells
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Figure 2. ATGL affects HSC self-renewal in a cell-extrinsic manner (A) A long-term culture initiating cell (LT-CIC) assay of Pnpla2”* and Pnpla2”~ LT-HSCs. Sorted HSCs were
plated onto irradiated feeder cells for 4 weeks, followed by colony forming units (CFU) determination. (B-C) LT-HSCs were plated onto irradiated feeder cells for 4 weeks, followed
by digestion into a single cell suspension. Cells with a lymphoid morphology were sorted through a flow cytometric cell sorter. Cells were stained with Pl and the percentages of
PI positive cells were calculated (B). Cells were also stained with antibody against ASC and the percentages of cells with ASC specks were calculated (C). (D-E) LT-HSCs sorted
from Pnpla2*’* and Pnpla2”~ mice were cultured in vitro for CFU determination. CFUs were calculated (D) and the compositions of CFU colonies were examined (E). CFU-GM for
granulocyte/macrophage, CFU-G for granulocyte and CFU-M for macrophage. (F=H) 100 LT-HSCs sorted from Pnpla2”* and Pnpla2”’~ mice were co-transplanted with 3 x 10°
CD45.1 BMNCs into lethally irradiated WT CD45.1 mice, followed by donor chimerism examination at the indicated time points. Surface markers were: Gr-1 for myeloid cells,
B220 for B cells, and CD3 for T cells. (I-K) 100 LT-HSCs sorted from Pnpla2”* and Pnpla2”'~ mice were co-transplanted with 3 x 10° CD45.1 BMNCs into lethally irradiated WT
CD45.1 mice for 16 weeks. Cell numbers of donor-derived LT-HSC in one femur of the recipient mice were calculated (I). Donor-derived LT-HSCs were stained with Pl and the
percentages of Pl positive cells were calculated (J). Donor-derived LT-HSCs were also stained with antibody against ASC and the percentages of cells with ASC specks were
calculated (K). (L—N) 100 LT-HSCs sorted from WT CD45.1 mice were co-transplanted with 3 x 10° Pnpla2”* or Pnpla2”~ BMNCs into lethally irradiated Pnpla2™* or Pnpla2’~
mice, followed by donor chimerism examination 4 weeks later. (0—Q) 100 LT-HSCs sorted from WT CD45.1 mice were co-transplanted with 3 x 10° Pnpla2’* or Pnpla2™'~
BMNCs into lethally irradiated PnplaZ”* or Pnpla2”’~ mice for 4 weeks. Cell numbers of donor-derived LT-HSCs in one femur of the recipient mice were calculated (0). Donor-
derived LT-HSCs were stained with Pl and the percentages of PI positive cells were calculated (P). Donor-derived LT-HSCs were also stained with antibody against ASC and the
percentages of cells with ASC specks were calculated (Q). NS, non-significant. Data were shown as means + SD. *+, P < 0.01; *+, P < 0.001. Experiments were repeated three

times with similar results.

with ASC specks in Pnpla2 deficient cells than control ones (Figure S1B),
suggesting that inflammasomes were activated in Pnpla2 knockout HSCs.
GSDMD triggers pore formation on cell membranes to induce pyroptosis
during inflammasome activation.”**” To find out the role of GSDMD in Pnpla2
knockout HSCs, we treated Pnpla2 deficient mice with disulfiram, an FDA-
approved drug that blocks GSDMD pore formation on membranes.””*' Disul-
firam treatment restored the bone marrow cellularity and LT-HSC cell
number in Pnpla2”’~ mice (Figures 1G & H). Disulfiram also protected HSCs
from pyroptosis in Pnpla2”’~ mice (Figures 11 & S1C). We then generated
mice deficient for both Pnpla2 and Gsdmd (Figure S1D). We found that
Gsdmd deficiency restored the cell number of PnplaZ”~ bone marrows to a
level similar to that of wild-type ones (Figure 1J). LT-HSC cell number in
Pnpla2 and Gsdmd double knockout mice was also elevated to a degree
comparable to that of wild-type controls (Figure TK). Consistently, cells
undergoing pyroptosis were diminished in these double knockout HSCs when
compared with Pnpla2”’~ cells (Figures 1L & STE). However, NLRP3 was not
involved in the inflammasome activation of Pnpla2’~ HSCs because Nirp3
deficiency did not affect the bone marrow cellularity, LT-HSC cell number or
pyroptosis in PnplaZ”’~ HSCs (Figures S1F—I). The percentage of cells with
ASC specks in Nirp3 deficient HSCs was reduced to a level comparable that

of wild-type cells (Figure S1J), suggesting that the inflammasome governed
Pnpla2”’~ HSCs were ASC-independent inflammasomes. In all, these results
indicate that Pnpla2 deficiency induces pyroptosis in HSCs.

Pnpla2 knockout triggers HSC exhaustion in a cell-extrinsic manner

In order to find out whether ATGL hindered HSC viability in a cell-intrinsic
manner, we firstly examined the self-renewal of Pnpla2’~ bone marrow
nucleated cells (BMNCs) through a long-term culture initiating cell (LT-CIC)
assay. We found that PnplaZ”~ BMNCs had a reduced ability of self-renewal
(Figure S2A). However, the percentages of cells undergoing pyroptosis
between PnplaZ”* and PnplaZ’~ BMNC-derived progenitor cells were
comparable ((Figures S2B & C). The discrepancy of self-renewals between
Pnpla2* and PnplaZ”’~ BMNCs might be caused by that there were less
HSCs in PnplaZz”’~ BMNCs than that in Pnpla2”* ones (Figure 1E). We then
examined the self-renewal of Pnpla2”’~ HSCs through the LT-CIC assay. This
time, we found that Pnpla2 knockout did not affect the self-renewal of HSCs
(Figure 2A). Moreover, HSC-derived progenitor cells did not undergo pyropto-
sis (Figures 2B & C). The abilities of colony forming units and the differentia-
tion tendencies were also comparable between Pnpla2”* and Pnpla2”’~ HSCs
(Figures 2D & E). ATGL is responsible for the production of the branched fatty
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Figure 3. PAHSA suppresses LPS-induced pyroptosis in HSCs (A—D) Pnpla2"* or Pnpla2”’~ mice were gavaged for 2 weeks with PAHSA at a dose of 30 mg/kg. The cell
numbers of BMNCs were calculated using a flow cytometer (A). The cell numbers of LT-HSCs in one femur of the indicated mice were calculated using a flow cytometer (B). LT-
HSCs sorted from the indicated mice were stained with Pl and the percentages of PI positive cells were calculated (C). LT-HSCs were also stained with antibody against ASC and
the percentages of cells with ASC specks were calculated (D). (E) LSK cells sorted from Pnpla2"* or Pnpla2”~ mice were subjected to immunoblotting with antibodies against the
indicated proteins. (F) PnplaZ"* or Pnpla2”'~ mice were treated orally with ABX or left untreated for one month. LPS levels in the bone marrow of these mice were examined using
an ELISA assay. For ABX treatment, mice were administrated with drinking water containing T mg/ml ampicillin, 1 mg/ml gentamicin, T mg/ml metronidazole, T mg/ml neomycin,
0.5 mg/ml vancomycin, 5 g/L sucrose for one month. (G—J) Pnpla2”’~ mice were crossed with Casp171~~ mice to get the mice deficient for both Pnpla2 and Casp11. The cell
numbers of BMNCs in the indicated mice were calculated using a flow cytometer (G). The cell numbers of LT-HSCs in one femur of the indicated mice were calculated using a
flow cytometer (H). LT-HSCs sorted from the indicated mice were stained with Pl and the percentages of Pl positive cells were calculated (I). LT-HSCs were also stained with
antibody against ASC and the percentages of cells with ASC specks were calculated (J). Data were shown as means+SD. *, P < 0.05; *+, P< 0.01; **+, P < 0.001. Experiments were
repeated three times with similar results.

acid PAHSA.” We therefore examined the effect of PAHSA to HSC self- LPS from the intestinal bacteria is able to leak into the circulating blood.*
renewal. In vitro incubation of PAHSA did not affect the self-renewal of HSCs ~ To test the hypothesis that seral LPS induced non-canonical inflammasome
(Figure S2D). PAHSA did not impact on the cell viability of HSCs either  activation in HSCs, we firstly examined the LPS levels in the circulating
(Figures S2E & F). The differentiation tendencies of HSCs were not influenced  system. We found that LPS did exist in the serum and bone marrow environ-
by the addition of PAHSA (Figure S2G & H). ments (Figures S3B & F). Antibiotics treatment reduced the LPS levels

We then transplanted Pnpla2’* and PnplaZ”~ HSCs into WT CD45.1 recipi-  (Figures S3B & F). Antibiotics administration also restored the bone marrow
ent mice. We found that the reconstitution efficiencies were indistinguishable  cellularity and HSC cell number of PnplaZ”~ mice to levels similar to those of
among Pnpla2”* and PnplaZ”~ HSCs (Figures 2F—H). The cell number of  wild-type controls (Figures S3C & D). The percentages of cells undergoing
Pnpla2”’~ HSCs was equable to that of Pnpla2”™ ones (Figure 21). PnplaZ”*  pyroptosis were also diminished in PnplaZ”’~ mice by antibiotics treatment
and PnplaZ”~ HSCs had almost the same status of cell viability, in respect of  (Figures S3E & F). Intracellular LPS is recognized by caspase-4/11 and
percentages of Pl positive cells and cells with ASC specks (Figures 2J & K).  induces non-canonical inflammasome activation.'****® We generated mice
We then transplanted WT CD45.1 HSCs to Pnpla2”* and PnplaZ”~ mice. We  deficient for both Pnpla2 and Casp11 (Figure S3G). We found that Casp117
found that donor HSCs had a poor reconstitution ability in PnplaZ”’~ mice  deficiency restored the cell number of PnplaZ’~ bone marrows to a level
(Figures 2L—=N). Moreover, the number of donor-derived HSCs in Pnpla2’~  similar to that of wild-type ones (Figure 3G). LT-HSC cell number of Pnpla2
mice was less than that in Pnpla2** mice (Figure 20). There were more donor-  and Casp11 double knockout mice was also elevated to a degree compara-
derived cells undergoing pyroptosis in PnplaZ”~ mice than that in Pnpla2”*  ble to that of wild-type controls (Figure 3H). What's more, cells undergoing
ones (Figures 2P & Q). These results suggest that Pnpla2 knockout triggers  pyroptosis were diminished in these double knockout HSCs when compared
HSC exhaustion in a cell-extrinsic manner. with Pnpla2”~ cells (Figures 31 & J). In all, these results suggest that PAHSA

suppresses HSC pyroptosis and exhaustion in vivo.

PAHSA suppresses HSC pyroptosis and exhaustion in vivo

Although PAHSA addition to the HSC culture medium in vitro did not affect ~ PAHSA prohibits the binding of HMGB1 to LPS
HSC self-renewal, PAHSA administration to PnplaZ”~ mice in vivo did restore Given the essential role of caspase-11 in controlling the cell viability of
the bone marrow cellularity to a level comparable to that of wild-type controls ~ PnplaZ”~ HSCs, we examined the intracellular LPS levels in PnplaZ”* or
(Figure 3A). HSC cell number was also raised in PAHSA-treated Pnpla2’~  PnplaZ’~ HSCs. We found that in vivo administration of PAHSA reduced the
mice (Figure 3B). Moreover, the percentage of cells undergoing pyroptosis  intracellular LPS levels in PnplaZ”~ HSCs (Figure 4A). To find out how PAHSA
was reduced post PAHSA treatment in PnplaZ”’~ HSCs (Figures 3C & D). The  limited intracellular LPS in HSCs, we firstly examined the association between
ASC-independent inflammasome governing HSC viability in Pnpla2’~ HSCs ~ PAHSA and LPS. We found that 9-PAHSA was able to bind LPS, as well as
(Figure S1J) prompted us to examine the cellular status of the non-canonical  the lipid A and lipid IVa (Figure 4B), suggesting that the acylated side chains
inflammasome signaling in Pnpla2 deficient cells. We found that the non-  of LPS might be responsible for PAHSA binding. Among the various PAHSA
canonical inflammasome executor caspase-11 was activated in PnplaZ”’~  isomers, 9-PAHSA is the most abundant one in mammalian serum.””" 9-
LSK cells (Figure 3E). In vivo administration of PAHSA blocked the activation ~ PAHSA showed the strongest binding ability to LPS (Figure S4A). Although
of caspase-11in PnplaZ”~ LSK cells (Figure S3A). PAHSA did not bind HMGB1 (Figure S4B), PAHSA prohibited the association
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Figure 4. PAHSA hinders the binding of LPS to HMGB1 (A) Pnpla2”* or PnplaZ”~ mice were gavaged for 2 weeks with PAHSA at a dose of 30 mg/kg. LPS levels in the LT-HSCs
sorted from these mice were examined using an ELISA assay and compared to that of vehicle-treated Pnpla2”* cells. (B) 9-PAHSA immobilized to amino-activated beads 4FF
was incubated with biotin-labelled LPS, lipid A or lipid IVa, followed by a pulldown assay. Precipitates were spotted on hydrophobic membranes, followed by blocking with protein-
free blocking buffer and immunoblotting with an antibody against biotin. (C) Biotin-LPS was incubated with FLAG-tagged HMGB1 with or without the presence of various
concentrations of 9-PAHSA, followed by a pulldown assay. Precipitates and inputs were immunoblotted with an antibody against FLAG. FLAG-tagged HMGB1 was purified from
HEK293T cells expressing FLAG-HMGB1. (D) Biotin-LPS was incubated with FLAG-tagged HMGB1 or HMGBT lacking the LPS-binding domains (DLPS-BD) with or without the
presence of 9-PAHSA, followed by a pulldown assay. Precipitates and inputs were immunoblotted with an antibody against FLAG. (E) An LT-CIC assay of WT LT-HSCs treated
with or without PAHSA. Sorted HSCs were plated onto irradiated feeder cells with HMGBT, LPS and with or without the presence of PAHSA for 4 weeks, followed by CFU determi-
nation. (F, G) WT LT-HSCs were plated onto irradiated feeder cells with HMGB1, LPS and with or without the presence of PAHSA for 4 weeks, followed by digestion into a single
cell suspension. Cells with a lymphoid morphology were sorted through a flow cytometric cell sorter. Cells were stained with Pl and the percentages of Pl positive cells were
calculated (F). Cells were also stained with antibody against ASC and the percentages of cells with ASC specks were calculated (G). (H) WT LT-HSCs were cultured with HMGBT,
LPS and with or without the presence of PAHSA in vitro for CFU determination. CFUs were calculated. (I-L) Pnpla2'* or PnplaZ”’~ mice were intravenously injected with 100 mg
Hpep1 or PBS once every 2 days for 2 weeks. The cell numbers of BMNCs were calculated using a flow cytometer (1). The cell numbers of LT-HSCs in one femur of the indicated
mice were calculated using a flow cytometer (J). Sorted LT-HSCs were stained with Pl and the percentages of PI positive cells were calculated (K). LT-HSCs were also stained
with antibody against ASC and the percentages of cells with ASC specks were calculated (L). Data were shown as means * SD. *, P < 0.05; **, P < 0.01; **+, P < 0.001. Experi-
ments were repeated three times with similar results.

between HMGBT and LPS (Figures 4C & S4C). HMGB1 without the LPS-bind-
ing domain failed to bind LPS (Figure 4D). HMGB1 binds LPS and enters the
cell cytosol with the help of RAGE.""*** HMGB1 without the RAGE-binding
domain bound LPS normally and its binding with LPS was still disturbed by
PAHSA (Figure S4D). We then added these HMGBT variants and LPS to HSCs
in the in vitro culture system. We found that the intracellular LPS levels were
lower in HSCs incubated with these HMGBT1 variants than that in cells incu-
bated with WT HMGB1 (Figure S4E), suggesting that HMGB1 was responsi-
ble for transporting extracellular LPS into the HSC cytosol.

We then examined the effect of PAHSA in vitro. We found that addition of
HMGBT and LPS severely hampered the self-renewal of HSCs in the in vitro
culturing system, while PAHSA treatment eliminated the effects of HMGB1
and LPS (Figure 4E). PAHSA protected HSCs from pyroptosis caused by
HMGB1 and LPS (Figures 4F & G). The colony forming ability was also
rescued by PAHSA in HSCs stimulated with HMGB1 and LPS (Figure 4H).
However, the differentiation tendencies of HSCs were not influenced by

PAHSA (Figure S4F). In mice, the circulating HMGBT1 can be suppressed by
peptide Hpep1 or glycyrrhizin.®**" We found that HMGB1 removal restored
bone marrow cellularity in Pnpla2”’~ mice (Figures 41 & S4G). HSCs were also
increased in PnplaZ knockout mice post HMGB1 clearance (Figures 4J &
S4H). Cells undergoing pyroptosis were diminished in Pnpla2 knockout HSCs
when HMGBT1 was removed (Figures 4K, L & S4l, J). Taken together, these
results indicate that PAHSA prohibits the binding of HMGB1 to LPS in vivo.

PAHSA limits the cytosolic LPS in HSCs

In Ager (the gene encoding RAGE) deficient mice (Figure 5A), the intracellu-
lar LPS level in HSCs was comparable to that in wild-type mice (Figure 5B).
Cell numbers and the pyroptotic status of HSCs were also indistinguishable
between Ager”* and Ager’™ mice (Figures 5C—E). We then transplanted
Ager” and Ager’™ HSCs into PnplaZ”’~ mice. We found that HSCs deficient
for Ager had a lower level of intracellular LPS than wild-type cells (Figure 5F).
Non-canonical inflammasome activation was also suppressed in Ager’”
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Figure 5. RAGE is required for the entry of LPS into HSCs (A) BMNC cells collected from Ager”* and Ager’™ mice were immunoblotted with antibodies against the indicated

proteins. (B) LPS levels in the LT-HSCs sorted from Ager”’* and Ager”~ mice were examined using an ELISA assay and compared to that of Ager*’* cells. (C—E) The cell numbers
of LT-HSCs in one femur of Ager”* and Ager”’~ mice were calculated using a flow cytometer (C). LT-HSCs sorted from the indicated mice were stained with Pl and the percent-
ages of Pl positive cells were calculated (D). LT-HSCs were also stained with antibody against ASC and the percentages of cells with ASC specks were calculated (E). (F, G)100
LT-HSCs sorted from Ager”*;tdTomato or Ager”~;tdTomato mice were co- transplanted with 3 x 10° Pnpla2”’~ BMNCs into lethally irradiated Pnpla2”’~ mice for 4 weeks. LPS
levels in the donor-derived LT-HSCs sorted from the indicated mice were examined using an ELISA assay and compared to that of Ager”’* cells (F). Donor-derived LSK cells were
sorted and subjected to immunoblotting with antibodies against the indicated proteins (G). (H—J) 100 LT-HSCs sorted from Ager”*;tdTomato or Ager’~tdTomato mice were co-
transplanted with 3 x 10° Pnpla2”’~ BMNCs into lethally irradiated Pnpla2”’~ mice, followed by donor chimerism examination 4 weeks later. (K=M) 100 LT-HSCs sorted from
Ager*tdTomato or Ager”’tdTomato mice were co-transplanted with 3 x 10° Pnpla2”~ BMNCs into lethally irradiated PnplaZ”~ mice for 4 weeks. The cell numbers of donor-
derived LT-HSCs in one femur of the indicated mice were calculated using a flow cytometer (K). Donor-derived LT-HSCs were stained with Pl and the percentages of Pl positive
cells were calculated (L). Donor-derived LT-HSCs were also stained with antibody against ASC and the percentages of cells with ASC specks were calculated (M). NS, non-signif-

icant. Data were shown as means + SD. *, P< 0.05; *+, P< 0.01; »** P< 0.001. Experiments were repeated three times with similar results.

LSKs (Figure 5G). Ager’~ HSCs had an enhanced reconstitution ability in
Pnpla2”’~ mice than Ager”* cells had (Figures 5H-J). Moreover, the number
of Ager’™ HSCs in PnplaZ”’~ mice was more than that of Ager”™ cells in
Pnpla2”’~ mice (Figure 5K). There were fewer cells undergoing pyroptosis in
Ager’™ HSCs than that in Ager” cells (Figures 5L & M). We then examined
the effect of Ager deficiency on HMGB1 and LPS stimulation in vitro. We
found that addition of HMGB1 and LPS severely hampered the self-renewal
of Ager”* HSCs but not Ager”’~ ones (Figure 6A). Ager knockout protected
HSCs from pyroptosis induced by HMGB1 and LPS (Figures 6B & C). The
colony forming ability was also rescued by Ager deficiency in HSCs stimu-
lated with HMGBT and LPS (Figure 6D).

We generated mice deficient for both Pnpla2 and Ager (Figure 6E). We
found that Ager deficiency restored the cell number of Pnpla2’~ bone
marrows to a level similar to that of wild-type ones (Figure 6F). The LT-HSC
cell number in Pnpla2 and Ager double knockout mice was also elevated to a
degree comparable to that of wild-type controls (Figure 6G). What's more,
cells undergoing pyroptosis were diminished in these double knockout HSCs
when compared with PnplaZ”~ cells (Figures 6H & I). In sum, these results
suggest that PAHSA limits the cytosolic LPS in HSCs.

PAHSA ameliorates hematopoiesis in obese mice

We observed an enhanced LPS concentration in the serum of obese mice
(Figure S5A). Correspondingly, the bone marrow cellularity was decreased in
obese mice compared to controls (Figure 7A). Antibiotics treatment restored
the seral LPS and the number of bone marrow cells in obese mice to levels
similar to those in control mice (Figures S5A & 7A). The HSC cell number was
decreased in obese mice and increased post antibiotics treatment
(Figure 7B). The number of cells undergoing pyroptosis were increased in
obese mice and decreased post antibiotics administration (Figures 7C & D).
We then transplanted HSCs from normal or obese mice to WT CD45.1 recipi-
ent mice. We found that both of these HSCs showed comparable reconstitu-
tion ability (Figures S5B—D). Moreover, the numbers of donor-derived HSCs
were nearly equal between these two groups (Figure S5E). There were almost
identical percentages of cells undergoing pyroptosis between these two kinds
of cells (Figures S5F & G). We then examined the effect of PAHSA adminis-
tration to the hematopoiesis in obese mice. We found that PAHSA adminis-

tration to obese mice limited the intracellular LPS concentration in HSCs
(Figure S5H). In vivo PAHSA-administration restored the bone marrow cellu-
larity of obese mice to a level comparable to that in wild-type controls
(Figure 7E). The HSC cell number was also raised in PAHSA-treated obese
mice (Figure 7F). Moreover, the percentage of cells undergoing pyroptosis
was reduced post PAHSA treatment in HSCs in obese mice (Figure 7G & H).

The addition of HMGB1 and LPS severely hampered the self-renewal of
Casp17"* HSCs but not Caspl71”~ ones (Figure 71). Caspll knockout
protected HSCs from pyroptosis induced by HMGB1 and LPS (Figures 7J &
K). The colony forming ability was also rescued by Casp117 deficiency in HSCs
stimulated with HMGB1 and LPS (Figure 7L). Moreover, in mice with a
Caspl1 deficient background, the bone marrow cellularity was no longer
affected by the high-fat diet (Figure S5I). The HSC cell number was not influ-
enced by high-fat diet either (Figure S5J). The percentage of cells undergo-
ing pyroptosis was limited in Casp17 deficient mice irrespective of the dietary
forms (Figure S5K & L). In all, our results indicate that PAHSA ameliorates
hematopoiesis in obese mice that rely on the non-canonical inflammasome
signaling.

DISCUSSION AND CONCLUSIONS

Here we show that ATGL deficiency leads to HSC pyroptosis and exhaus-
tion. ATGL knockout exerts on HSCs in a cell-extrinsic manner because
transplantation of ATGL deficient cells to wild-type mice restores the cell
viability of HSCs. Moreover, PAHSA protects HSCs from LPS-induced pyrop-
tosis in in vitro assays. Extracellular LPS binds HMGB1 and enters HSC
cytosol, where it activates the caspase-4/11 non-canonical inflammasome.
PAHSA binds LPS and hinders the entry of LPS to HSC cytosols through
prohibiting the binding of HMGB1 to LPS. Our study uncovers an anti-inflam-
matory effect of PAHSA in HSCs.

Inflammasomes response to danger signals coming from either inside or
outside.”* During infection, HSCs confront danger signals sending from
invading pathogens.” High levels of endotoxins activate the TLR4 pathway in
HSC and lead HSC dysfunction.”***" Some viral components might also acti-
vate inflammasomes in HSCs.”"* However, under steady states, the endo-
toxin from intestinal gram-negative bacteria could also cross the intestinal
border and recirculate into the blood.”* How these LPSs were tolerated by
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Figure 6. PAHSA limits the intracellular LPS in HSCs (A) An LT-CIC assay of Ager’* and Ager”’~ LT-HSCs incubated with or without HMGB1 and LPS. Sorted HSCs were plated
onto irradiated feeder cells with HMGB1 and LPS for 4 weeks, followed by CFU determination. (B, C) Ager”* and Ager”’~ LT-HSCs were plated onto irradiated feeder cells with
HMGBT and LPS for 4 weeks, followed by digestion into a single cell suspension. Cells with a lymphoid morphology were sorted through a flow cytometric cell sorter. Cells were
stained with Pl and the percentages of Pl positive cells were calculated (B). Cells were stained with antibody against ASC and the percentages of cells with ASC specks were
calculated(C). (D) Ager”* and Ager”’~ LT-HSCs were cultured with HMGB1 and LPS in vitro for CFU determination. The compositions of CFU colonies were examined. (E) BMNC
cells collected from Pnpla2”* and Pnpla2”’~;Ager’~ mice were immunoblotted with antibodies against the indicated proteins. (F=1) Pnpla2”’~ mice were crossed with Ager”’~ mice
to get the mice deficient for both Pnpla2 and Ager. The cell numbers of BMNCs were calculated using a flow cytometer (F). The cell numbers of LT-HSCs in one femur of the indi-
cated mice were calculated using a flow cytometer (G). LT-HSCs sorted from the indicated mice were stained with Pl and the percentages of Pl positive cells were calculated (H).
LT-HSCs were also stained with antibody against ASC and the percentages of cells with ASC specks were calculated (I). NS, non-significant. Data were shown as means + SD. #,
P<0.05; *+, P<0.01; *** P<0.001. Experiments were repeated three times with similar results.

the host to avoid excess immune responses is vital for the host homeostasis.
In our study, we find that seral PAHSAs are such a means to constraint the
inflammatory effect of the seral LPS. PAHSA binds directly to LPS and
hinders the association between HMGB1 and LPS, which is a prerequisite for
LPS to enter the cell cytosol. Indeed, seral LPS is such a common contami-
nant that the host must have adequate ways to eliminate or restrain this
hazard. Whether other mechanisms exist to constrain LPS in other non-HSCs
are worth further exploration.

Besides the anti-inflammatory effects, PAHSA is long known to have anti-
diabetic effects.” PAHSA ameliorates the glucose tolerance and stimulates
insulin secretion.”* PAHSA also diminishes the inflammation and enhance
the glucose uptake in adipose tissues.”**” Here, we discover that PAHSA
could restore the decreased cell number of HSCs in Pnpla2 deficient mouse.
Moreover, PAHSA administration also protects HSCs from pyroptosis in
obese mice. The PAHSA levels are diminished in diabetic people,”** suggest-
ing a protective role of this branched fatty acid in regulating glucose
metabolism. Whether PAHSA can be used as a drug for the treatment of anti-
infection diseases in obese people is a promising research topic in the near
future.

In conclusion, the anti-inflammation effect of PAHSA is validated in our
study and the LPS-neutralizing ability of PAHSA might be useful for the treat-
ment of sepsis diseases in the clinic in the future.
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Figure 7. PAHSA protects HSCs from pyroptosis in obese mice (A—D) WT mice were fed with a standard diet or high-fat diet (HFD) for 10 weeks. One month before the mice
were sacrificed, mice were treated orally with ABX or left untreated. The cell numbers of BMNCs were calculated using a flow cytometer (A). The cell numbers of LT-HSCs in one
femur of the indicated mice were calculated using a flow cytometer (B). LT-HSCs sorted from the indicated mice were stained with Pl and the percentages of Pl positive cells
were calculated (C). LT-HSCs were also stained with antibody against ASC and the percentages of cells with ASC specks were calculated (D). (E-H) WT mice were fed with a
standard diet or high-fat diet (HFD) for 10 weeks. Mice were gavaged for 2 weeks with PAHSA at a dose of 30 mg/kg before the mice were sacrificed. The cell numbers of BMNCs
were calculated using a flow cytometer (E). The cell numbers of LT-HSCs in one femur of the indicated mice were calculated using a flow cytometer (F). LT-HSCs sorted from the
indicated mice were stained with Pl and the percentages of Pl positive cells were calculated (G). LT-HSCs were also stained with antibody against ASC and the percentages of
cells with ASC specks were calculated (H). (I) An LT-CIC assay of Casp17"* and Casp11~~ LT-HSCs incubated with or without HMGB1 and LPS. HSCs sorted from the indicated
mice were plated onto irradiated feeder cells with HMGB1 and LPS for 4 weeks, followed by CFU determination. (J, K) Casp11** and Casp11~~ LT-HSCs were plated onto irradi-
ated feeder cells with HMGB1 and LPS for 4 weeks, followed by digestion into a single cell suspension. Cells with a lymphoid morphology were sorted through a flow cytometric
cell sorter. Cells were stained with Pl and the percentages of Pl positive cells were calculated (J). Cells were also stained with antibody against ASC and the percentages of cells
with ASC specks were calculated (K). (L) Casp17"* and Casp11~~ LT-HSCs were cultured with HMGB1 and LPS in vitro for CFU determination. The compositions of CFU colonies
were examined. NS, non-significant. Data were shown as means + SD. **, P< 0.07; **+, P< 0.001. Experiments were repeated three times with similar results.
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