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Supplementary Figure 1 (related to Figure 1)

Supplementary Fig. 1: 
Volcano plots of 
differentially expressed 
genes (DEGs) between 
simulated microgravity 
(uG) and 1G (25 hours 
exposure) for 10 of the 
most abundant immune 
cell types. Benjamini-
Hochberg (B-H) adjusted 
p-value (Adj.p) cutoff is 
0.05, and log2Fold 
Change (log2FC) cutoff 
is 0.25.



Supplementary Figure 2 (related to Figure 2)

Supplementary Fig. 2: (A) Smooth density distribution of SenMayo scores in 1G and uG conditions (25 hours exposure) 
of total PBMCs (left) and individual cell type (right). 
(B-C) Microbial gene expression validation analysis. Single-cell RNA-seq data of PBMCs from two donors (1 male, 1 
female) were re-analyzed using alignment tool Magic-Blast to quantify the reads amount for Gammaretrovirus (B), and 
Mycobacterium canettii (C). The microbial quantity was represented by the fraction of the microbial reads to the total reads 
counts in the sample.
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Supplementary Figure 3 (related to Figure 2)

Supplementary Fig. 3: IPA functional analysis of 375 core genes in uG vs. 1G PBMCs. The biological functions 
of Infection by RNA virus and viral Infection are predicted to be upregulated, which is consistent with our viral 
abundance results in Fig2C. The log2FC of each gene related to its function is listed under the gene name. The 
enrichment p-value of viral infection and infection by RNA virus are 6E-44 and 1.03E-32, respectively.
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Supplementary Figure 4 (related to Figure 2)

A B

Supplementary Fig. 4: Differential NicheNet ligand-receptors analysis between uG vs. 1G conditions in unstimulated 
PBMCs. The sender cell type is the B cell, which provides ligands, whereas the receiver cell type is the T cell.
(A) Differential expression of ligand and receptor. First, the minimum log2FC of ligand gene expression in sender cells 
compared to all the sender cell types of the other niche is calculated, and the top 30 ligands are prioritized. Then the top 2 
receptors are selected by the highest minimum log2FC of the receptor gene in receiver cells. 
(B) From left to right are the ligand gene expression level, ligand activity, and its target genes in the receiver cells. The target 
gene expression levels in the receiver cell type are used to define the ligand activity.
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Supplementary Figure 5 (related to Figure 2)

A B

Supplementary Fig. 5: Differential NicheNet ligand-receptors analysis between uG vs. 1G conditions in unstimulated 
PBMCs. The sender cell type is the Dendritic Cell, which provides ligands, whereas the receiver cell type is the T cell.
(A) Differential expression of ligand and receptor. First, the minimum log2FC of ligand gene expression in sender cells 
compared to all the sender cell types of the other niche is calculated, and the top 30 ligands are prioritized. Then the top 2 
receptors are selected by the highest minimum log2FC of the receptor gene in receiver cells.
(B) From left to right are the ligand gene expression level, ligand activity, and its target genes in the receiver cells. The target 
gene expression levels in the receiver cell type are used to define the ligand activity.
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Supplementary Figure 6 (related to Figure 2)

A B

Supplementary Fig. 6: Differential NicheNet ligand-receptors analysis between uG vs. 1G conditions in unstimulated 
PBMCs. The sender cell type is the monocyte, which provides ligands, whereas the receiver cell type is the T cell.
(A) Differential expression of ligand and receptor. First, the minimum log2FC of ligand gene expression in sender cells compared 
to all the sender cell types of the other niche is calculated, and the top 30 ligands are prioritized. Then the top 2 receptors are 
selected by the highest minimum log2FC of the receptor gene in receiver cells.
(B) From left to right are the ligand gene expression level, ligand activity, and its target genes in the receiver cells. The target 
gene expression levels in the receiver cell type are used to define the ligand activity.



Supplementary Figure 7 (related to Figure 3)

Supplementary Fig. 7: Volcano plots of differentially expressed genes (DEGs) between TLR7/8 stimulated (9 
hours stimulation, 25 hours total culture) uG and 1G for the 8 most abundant immune cell types; B-H adj.p cutoff is 
0.05, and log2FC cutoff is 0.25.



Supplementary Figure 8 (related to Figure 4)

Supplementary Fig. 8: Smooth density distribution for SenMayo scores in TLR7/8 stimulated 1G and uG conditions 
stimulated (9 hours stimulation, 25 hours total culture) for general PBMCs (left) and individual cell types (right).
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Supplementary Figure 9 (related to Figure 4)

A B

Supplementary Fig. 9: Differential NicheNet ligand-receptors analysis between uG vs. 1G conditions in stimulated 
PBMCs (9 hours stimulation, 25 hours total culture). The sender cell type that provides ligands is the B cell, and the 
receiver cell type is the T cell.
(A) Differential expression of ligand and receptor. First, the minimum log2FC of ligand gene expression in sender cells 
compared to all the sender cell types of the other niche is calculated, and the top 30 ligands are prioritized. Then the top 2 
receptors are selected by the highest minimum log2FC of the receptor gene in receiver cells.
(B) From left to right are the ligand gene expression level, ligand activity, and its target genes in the receiver cells. The target 
gene expression levels in the receiver cell type are used to define the ligand activity.
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Supplementary Figure 10 (related to Figure 4)

A B

Supplementary Fig. 10: Differential NicheNet ligand-receptors analysis between uG vs. 1G conditions in stimulated 
PBMCs (9 hours stimulation, 25 hours total culture) . The sender cell type that provides ligands is the DC cell, and the 
receiver cell type is the T cell.
(A) Differential expression of ligand and receptor. First, the minimum log2FC of ligand gene expression in sender cells 
compared to all the sender cell types of the other niche is calculated, and the top 30 ligands are prioritized. Then the top 2 
receptors are selected by the highest minimum log2FC of the receptor gene in receiver cells.
(B) From left to right are the ligand gene expression level, ligand activity, and its target genes in the receiver cells. The target 
gene expression levels in the receiver cell type are used to define the ligand activity.
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Supplementary Figure 11  (related to Figure 4)

A B

Supplementary Fig. 11: Differential NicheNet ligand-receptors analysis between uG vs. 1G conditions in stimulated 
PBMCs (9 hours stimulation, 25 hours total culture). The sender cell type that provides ligands is the monocyte, and the 
receiver cell type is the T cell.
(A) Differential expression of ligand and receptor. First, the minimum log2FC of ligand gene expression in sender cells 
compared to all the sender cell types of the other niche is calculated, and the top 30 ligands are prioritized. Then the top 2 
receptors are selected by the highest minimum log2FC of the receptor gene in receiver cells.
(B) From left to right are the ligand gene expression level, ligand activity, and its target genes in the receiver cells. The target 
gene expression levels in the receiver cell type are used to define the ligand activity.
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Supplementary Figure 12: Pattern recognition receptor stimulation alters the single-cell transcriptional landscape 
of human PBMCs in 1G and uG conditions.
(A-E) Stimulation alters the single-cell transcriptional landscape of human PBMCs in 1G.
(A) UMAP plot of unstimulated and R848 stimulated (9 hours) PBMCs single-cell transcriptomes (10X Genomics). Singe-
cell RNA-seq data was integrated together from a male (36 years old) and a female (25 years old) donor, that underwent 
1G for 25 hours. Cells were resolved into 27 distinct clusters.
(B) Quantification of relative abundance of each cluster of PBMCs by percentage, or log2FC between unstimulated and 
stimulated conditions under 1G. Source data are provided with the paper.
(C) Volcano plot of differentially expressed genes (DEGs) across all immune cell types between stimulated and 
unstimulated conditions under 1G; B-H adjusted p-value (adj. p) cutoff is 0.05, and log2FC cutoff is 0.25.
(D) Dot plot showing the top 25 most upregulated and top 25 most downregulated DEGs from (C) and their expression 
levels across 18 immune cell populations. Spot color reflects log2FC of stimulated vs unstimulated PBMCs under 1G, 
while spot size shows -log10 (adj. p).
(E) Canonical pathway enrichment analysis obtained from Ingenuity Pathway Analysis (IPA) is shown across 19 immune 
cell clusters. Spot color reflects IPA z-score enrichment of stimulated vs unstimulated PBMCs under 1G. Red shows 
predicted activation of the pathway in stimulated PBMCs and blue shows repression of the pathway in stimulated PBMCs. 
Spot size shows the level of significance via -log10 (adj. p).
(F-J) Stimulation alters the single-cell transcriptional landscape of human PBMCs in uG.
(F) UMAP plot of unstimulated and stimulated (R848, 9 hours) PBMCs single-cell transcriptomes. Singe-cell RNA-seq data 
was integrated from the same male and female donors, treated with uG condition for 25 hours. Cells were resolved into 28 
distinct clusters.
(G) Quantification of relative abundance of each cluster of PBMCs by percentage, or log2FC between unstimulated and 
stimulated conditions under uG. Source data are provided with the paper.
(H) Volcano plot of DEGs across all immune cell types between unstimulated and stimulated conditions under uG; B-H adj. 
p cutoff is 0.05, and log2FC cutoff is 0.25.
(I) Dot plot showing the top 25 most upregulated and top 25 most downregulated DEGs from (H) and their expression 
levels across 17 immune cell populations. Spot color reflects log2FC of stimulated vs unstimulated PBMCs under uG, 
while spot size shows -log10 (adj. p).
(J) Canonical pathway enrichment analysis obtained from IPA is shown across 19 immune cell clusters. Spot color reflects 
IPA z-score enrichment of stimulated vs unstimulated PBMCs under uG, with red indicating predicted activation of the 
pathway in stimulated PBMCs and blue meaning repression of the pathway in stimulated PBMCs. Spot size shows the 
level of significance via -log10 (adj. p).
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Supplementary Figure 13: Comparison of stimulated and unstimulated PBMCs under uG and 1G conditions. 
(A) Comparison of log2FC in DEGs between stimulated and unstimulated PBMCs under uG and 1G conditions, presented as the 
difference in log2FC values (uG - 1G). The top 50 most upregulated DEGs between stimulated and unstimulated PBMCs under 1G 
were selected for comparison. 
(B) Top 50 conserved DEGs specifically sensitive to uG, ranked by the absolute sum of log2FC values, derived separately from the 
sum of positive log2FC values and the sum of negative log2FC values, under both stimulated and unstimulated conditions in the 
"Overall" group, and with expression patterns displayed for all cell types.
(C) Rank-Rank Hypergeometric Overlap (RRHO) analysis shows the overlap in gene expression data between 1G and uG of 
stimulated vs unstimulated PBMCs. The x-axis and y-axis represent the ranks of the genes in the two gene lists, which were 
determined by calculating -log10(adj.p)*log2FC. The color represents the -log10 transform of the P-value, which was calculated 
using the hypergeometric test for each pair of ranks from the two ranked gene lists. Genes significantly changing in the same 
direction in both experiments are in the upper-right quadrant (both down) and bottom-left (both up) and in opposite directions in the 
upper-left and bottom-right.
(D-E) Venn diagram summarizes the overlapping of down-regulated (D) and up-regulated (E) genes of stimulated vs unstimulated 
PBMCs between 1G and uG conditions. 

CCL8
CCL2
CXCL10
CCL3
CCL4
IFITM3
IFITM1
IFITM2
BST2
LY6E
IRF7
OAS1
IFIT1
XAF1
EPSTI1
DDX60L
TRIM22
MX2
CMPK2
EIF2AK2
OAS3
IFI44L
HERC5
IFIT2
PLSCR1
ISG15
IFI6
RSAD2
SOD2
MIR155HG
STAT1
TNFSF10
RNF213
SAMD9L
PARP14
CD38
OASL
IFIT3
IFI35
MX1
DDX58
ISG20
LAG3
XRN1
SAT1
WARS
MT2A
GBP4
GBP1
GBP5

C
D

16
 M

on
o

C
D

14
 M

on
o

Pl
as

m
ab

la
st

B 
m

em
or

y
B 

in
te

rm
ed

ia
te

B 
na

ive
N

K_
C

D
56

br
ig

ht
C

D
8 

N
ai

ve
C

D
4 

N
ai

ve
M

AI
T

C
D

8 
TE

M
O
ve
ra
ll

C
D

4 
TC

M
C

D
8 

TC
M N
K

pD
C

C
D

4 
TE

M
cD

C
2

H
SP

C
dn

T

delta
uG−1G

−2
−1
0
1
2



FTL
CCL8

FTH1
CCL2

NCF1

MMP9

THBS1

TYROBP

CTSB

IFI30

C15ORF48
FCER1G
IDO1

SOD2

S100A9

IFITM3

TXN

PSAP

CCL4

CCL4L2

PLA2G7
DOCK4

FCN1

CXCL10

SERF2
HLA−DRA

HSPB1

CALM1

TYMP

VIM

SLAMF7
CYBA

CD63

CD52

IL4I1

HLA−DPA1

ATF5
APOBEC3G

AC099063.1

CD96

CD38

FUS

CD83

FAM107B
RPL21

CXCR4

RPL37A
CIRBP

TSHZ2

RPS27

ANK3

BCL2A1

NUB1

FAS

CCL22

ISG20

PSMB9

SAT1

ERAP2
HNRNPA1

HLA−E

RPS29

GNLY

TAP1
APOL6

STAT1

PRF1

RGS1

GSTK1

XRN1

HAPLN3

PLAAT4

SOCS1

PABPC1
LAG3

WARS

IRF1
SYNE2RBM3

GBP2
GBP1

GBP4
GBP5

0

100

200

300

−1 0 1 2
 Log2 fold change

−l
og

10
(a

dj
.p

)

NS Log2 FC adj.p−value adj.p − value and log2 FC

stimulated PBMC

Female uG vs 1G

total = 22718 variables

CCL2
MMP9

THBS1
FTH1

S100A9

MS4A7

C15ORF48

SOD2

CCL8

CXCL8
FTL

NFKBIA

TMEM176BCYP27A1

PLA2G7

SLC7A11

S100A8

IFI6

CYP1B1

HSP90AB1

CYBB

S100A12

CALR

CCL4ANXA5

MRC1

IER3TALDO1

KYNU

HSP90AA1
TMEM176A

FCN1

RGL1

FUCA1

HSPA5

PPDPF

TXNGAPT

HNRNPC

HSP90B1

MAFB

AL138963.4

IL1B PLIN2

ZBTB20

RNASE1

PLXDC2

GBP4

HLA−DPB1

TXNIP

CIRBP
GBP2

TYMP

GBP5

FN1

PSME2
FGL2

GBP1

RBM3

MTRNR2L8

STAT1

0

100

200

−1 0 1 2
 Log2 fold change

−l
og

10
(a

dj
.p

)

NS Log2 FC adj.p−value adj.p − value and log2 FC

unstimulated PBMC

Male uG vs 1G

total = 22718 variables

MMP9

THBS1

FTH1

CCL2
S100A9

S100A8

FTL

LYZ

FCN1
CYP1B1

RPL38

ATP5F1E

RPS28

RPS21

RPL39
C15ORF48

SERF2

RPS29

COX7C

FCER1G

RPL37A

MARCKS
RPS27

HIST1H4C

ANXA2

TGFBI

RPL41

S100A11

CTSB

HSPB1
HLA−E

ACTG1

RPS9

IFITM1

RPS2

CIRBP

PABPC1

RPL3

RBM3

HNRNPA1

STAT1

HBB
0

100

200

300

−1 0 1 2
 Log2 fold change

−l
og

10
(a

dj
.p

)

NS Log2 FC adj.p−value adj.p − value and log2 FC

unstimulated PBMC

Female uG vs 1G

total = 22718 variables

−2

−1

0

1

B in
ter

med
iat

e

CD14
 M

ono

CD4 T
CM

CD8 T
EM NK

other

Ove
ral

l

Cell Type

lo
g2

(F
em

al
e 

D
EG

s 
/ M

al
e 

D
EG

s)

DEGs

Up−regulated
Down−regulated

Sex difference in DEGs of stimulated PBMC
A B

C

−5.0

−2.5

0.0

2.5

5.0

B in
ter

med
iat

e

B m
em

ory

B naiv
e

CD14
 M

ono

CD16
 M

ono

CD4 N
aiv

e

CD4 T
CM

CD4 T
EM

CD8 N
aiv

e

CD8 T
CM

CD8 T
EM NK

other

Ove
ral

l

Cell Type

lo
g2

(F
em

al
e 

D
EG

s 
/ M

al
e 

D
EG

s)

DEGs

Up−regulated
Down−regulated

Sex difference in DEGs of unstimulated PBMC

Supplementary Figure 14: Sex difference in response to simulated microgravity.
(A-B) Sex difference in the number of up-regulated and down-regulated DEGs in uG vs 1G of unstimulated (A) and stimulated 
(B) PBMCs. The comparison was presented by log2 fold change of the number of DEGs in female divided by the number of 
DEGs in male. The DEGs were determined by B-H adjusted P value <0.05 and the absolute log2FC>=0.1.
(C-D) Volcano plot of DEGs in uG vs 1G in unstimulated PBMC from female (C) and male (D) donor. B-H adj.p cutoff is 0.05, 
and log2FC cutoff is 0.25.
(E-F) Volcano plot of DEGs in uG vs 1G in stimulated PBMC from female (E) and male (F) donor. B-H adj.p cutoff is 0.05, and 
log2FC cutoff is 0.25.
(G) Comparison of IPA canonical pathways between the male and female samples. The pathways that are significantly (B-H 
adj.p<0.05) enriched in both sexes in each condition are shown on the heatmap.
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Supplementary Figure 15 (related to Figure 5)

B

Supplementary Figure 15: Cell Type Frequency Changes within PBMCs as predicted by CIBERSORTx using Bulk RNA-
seq.
(A) Bulk RNA-seq data of PBMCs from 6 donors (3 male, 3 female) in Fig. 5A were analyzed using CIBERSORTx to predict cell 
type frequency in the sample. Our single-cell RNA-seq data from PBMCs was used to build the Signature Matrix File as the 
reference to predict the cell proportion in the bulk RNA-seq data. The bar height represents the average proportion of the cell type 
in the group. The error bar shows the standard error. Dot represents the cell frequency in each sample. Source data are provided 
with this paper. 
(B) Quantification of cell proportion alteration between uG and 1G in PBMC by log2Fold Change. The comparison was made by 
the Student’s t-test, two-tailed. *p ≤ 0.05



Supplementary Figure 16 (related to Figure 5)

A BIPA of overlapped DEGs between SC and I4

Supplementary Fig. 16: Single-cell transcriptomic signature validation with I4 and JAXA6 datasets.
(A) Pathway enrichment analysis of overlapped DEGs between human PBMCs(SC) and i4 (n=4) data. The shared DEGs 
between SC uG vs 1G and I4 post-flight (R+1) vs pre-flight (L-44) were further filtered by their directionality, and 122 altered 
genes with the same directions between SC and I4 were used for IPA analysis. Red indicates a predicted activation in 
pathways, blue indicates a predicted inhibition in pathways, and gray indicates pathways enriched but no prediction for 
activation or inhibition.
(B) Overlapping DEGs from uG vs. 1G between human PBMCs (single-cell core 375 gene list) and JAXA6 dataset (cell-free 
RNA 30 days in-flight vs pre-flight, n=6). Genes that are consistently up-regulated across single-cell and bulk sequencing are 
labeled in dark red; genes that are consistently down-regulated across single-cell and bulk RNA-seq are labeled in blue. One 
gene of interest, Cdc42, the most significantly upregulated gene after 30 days in-flight is listed in black. Genes that are not 
consistent across the two datasets are not labeled. The overlapping p-value was calculated by the Fisher’s exact test, two-
tailed.

Overlapping p-value=1.4e-03
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Supplementary Fig. 17: Single-cell transcriptomic signature validation employing data from the NASA Twins study.
(A-D) Overlapping DEGs from uG vs. 1G between human PBMCs and the Twins datasets for CD4, CD8, CD19, and 
lymphocyte-depleted (LD) cell types. Both datasets are RNA-seq with DEGs defined by adjusted P-value <0.05 and 
log2FC>|0.1|. Genes that are consistently up-regulated across single-cell human PBMCs and the Twins datasets are labeled 
in dark red; genes that are consistently down-regulated across the two are labeled in dark blue. Genes that overlap, but are 
inconsistent in their expression directions are labeled in gray. One astronaut and his twin sibling participated in the study. The 
overlapping p-value was calculated by the Fisher’s exact test, two-tailed.
(E) Pathway enrichment analysis of overlapped DEGs in LD cells between human PBMCs (single-cell) and the Twins study. 
Pathway enrichment result is only shown for LD fraction due to the abundance of overlapping genes. 
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Supplementary Figure 18 (related to Figure 6)
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Supplementary Fig. 18: Cytoskeleton and mitochondrial assessment of PBMCs in simulated uG and 1G.
(A) Representative super-resolution microscopy images of PBMCs from 1G and uG from all 4 donors assessed. Arrows (orange) 
point to actin projections. Note border irregularity in some uG cells (red arrow). Scale bar=2um. 
(B) 3D imaging, cell sphericity, cell volume, nucleus volume, nucleus surface area, and nucleus sphericity measured by super-
resolution microscopy (25 hours, unstimulated). Dots represent parameters of individual PBMCs from 4 donors, 194 cells were 
imaged in 1G and 179 cells were imaged in uG. Welch’s t test is used to calculate P values, *P ≤ 0.05. Data are plotted as mean ± 
SEM and source data are provided with the paper.
(C) Two-dimensional mitochondrial maximum intensity projection analysis of mean MitoTracker Red intensity, mitochondrial 
Punctate Diffuse Index PDI (variance/mean), mitochondrial fiber length, mean mitochondrial area and volume fraction between 25 
hours of 1G or simulated uG. Dots represent parameters of individual PBMCs (1G n=150 cells, uG n=142 cells) from 4 independent 
donors. Donors are male (25 years old), and females (35, 38 and 46 years old). Welch’s t test is used to calculate P values, **P ≤ 
0.01, *P ≤ 0.05. Data are plotted as mean ± SEM and source data are provided with the paper.
(D) G-LISA levels of active GTP-bound Rac1 and RhoA in PBMCs from 1G and uG (25 hours total culture), n=7, donors are male 
(25 years old), and females (38, 46, 25, 27, 26 and 40 years old). Two-tailed paired t test is used to calculate P values. Data are 
plotted as mean ± SEM and source data are provided with the paper.
(E) G-LISA levels of active GTP-bound Rac1 and RhoA in PBMCs treated with TLR7/8 agonist (9 hours) from 1G and uG (total 
culture, 25 hours), n=7, donors are male (25 years old), and females (38, 46, 25, 27, 26 and 40 years old). One outlier from 1G Stim 
is removed individually from Rac1 and RhoA based on Grubb’s (alpha=0.01) test. Two-tailed paired t test is used to calculate P 
values. Data are plotted as mean ± SEM and source data are provided with the paper.



Supplementary Figure 19 (related to Figure 6)
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Supplementary Fig 19: Functional validation of the impact of simulated microgravity on overall immune cell cytokine 
production.
(A-B) ELISA validation results of cytokines IFN-α (A) and IFN-γ (B) in supernatants from unstimulated PBMCs after 25 hours 
1G or uG treatment. n=9, 1 male (36 yrs) and 8 females (33, 25, 38, 46, 27, 25, 26, and 40 yrs). Two-tailed paired t test is 
used to calculate P values. Data are plotted as mean ± SEM and source data are provided with the paper.
(C-D) Luminex assay on cytokines secreted by unstimulated (C) and R848 stimulated (9 hours) (D) PBMCs after 25 hours 1G 
or uG treatment. n=12 for Unstimulated, and n=11 for Stimulated. 3 males (36, 33, 26 yrs) and 9 females (32, 25, 38, 46, 25, 
27, 26, 40, 33 yrs) were used in Unstimulated. 2 males (36, 26 yrs) and 9 females (32, 25, 38, 46, 25, 27, 26, 40, 33 yrs) were 
used in Stimulated. Paired two-tailed t test is used to calculate P values, ***P ≤ 0.001, **P ≤ 0.01, *P ≤ 0.05. Data are plotted 
as mean ± SEM and source data are provided with the paper.
(E-F) ELISA validation results of cytokines (E) IL-1β in unstimulated PBMCs, as well as (F) IL-1β, and IL-8, IL-6 in stimulated 
PBMCs (9 hours) after 25 hours 1G or uG treatment. n=11 for IL-1β unstim, donors were female (32, 25, 38, 46, 25, 27, 26, 
40 years old) and male (36, 33, 26 years old). n=9 for the rest, 1 male (26 yrs) and 8 females (32, 25, 36, 46, 25, 27, 26, 40 
yrs). 
Two-tailed paired t test is used to calculate P values. Data are plotted as mean ± SEM and source data are provided with the 
paper.



Supplementary Fig. 20: Gating strategy for flow cytometry immunophenotyping on PBMCs of 25-hour simulated 
microgravity treated with 9-hour R848 (1uM) in the presence of 2.5ug/mL Brefeldin A. NK, Natural killer; CM, Central 
memory; EM, Effector memory, SCM, Stem cell memory; TEMRA, CD45RA+ T effector memory.
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Supplementary Fig. 21: Flow cytometry analysis from PBMCs subjected to 1G (grey) and simulated uG (red) for 16 hours 
acclimation + 9 hours stimulation with R848 (1uM) in the presence of 2.5ug/mL Brefeldin A. 
(A-D) The relative proportion of different monocytes were compared in (A), as well as comparison in the relative expression of IL-1β 
(B), IL-6 (C) and HLA-DR (D) in different monocyte subsets. 
(E-G) The relative expression of (E) IL-6, (F) IFNγ, (G) CD69 and LAMP1 in CD56 dim CD16 bright NK cells were compared.  
(H) The relative number of subsets of CD4 and CD8 T cells were compared, as well as the relative expression of CD69, HLA-DR, 
and Ki67 in effector memory cells. 
Data were generated from n=6, males (40, 42, 43 yrs), females (38, 43, 35 yrs). All P-values were calculated from pair wise one-
tailed t test comparisons, *P ≤ 0.05. Data are plotted as mean ± SEM and source data are provided with the paper.


