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Supplementary Fig. S1. HBV-related HCC patients have similar degrees of liver injury as
CHB patients, while their iNKT cells are hyperactivated but impaired in a-GalCer-induced
expansion.

(A) The level of ALT, AST, and TBIL of Chronic hepatitis B (CHB) patients (n=54) and
HBV-related HCC (HCC) patients (n=32) are shown. (B) Representative dot plots and
summary scatter graph depict the ratio of circulating iNKT cells in CD3" T cells from the
peripheral blood from healthy donors (HD, n=56), HBV negative HCC (HBV "HCC, n=11),
and HBV-related HCC patients (HBV "HCC, n=32, the same to Figure 1A). Data are shown
as median with 95%CI, and the statistical significance between groups was determined by
Mann-Whitney U-test. (C) Bar graph with scatter plots depicts CD69 levels on iNKT cells
from indicated groups. (n=7-25/group). Data are shown as mean = SEM and the statistical
significance was determined by an unpaired two-tailed Student’s t-test. *p < 0.05, ***p <
0.001. (D) Representative dot plots show frequencies of initial, a-GalCer/IL-2-expanded
(aGC/IL-2), and sorted iNKT cells in PBMCs from healthy donor. (E) PBMCs from
healthy donors (HD1-3), chronic HBV infection patients (CHB1-3), and HBV-related HCC
patients (HCC1-4) were stimulated by a-GalCer/IL-2 (aGC/IL-2) for 7 days. Scatter plots
show the ratios of iNKT cells from indicated individuals stimulated by vehicle or aGC/IL-
2.
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Supplementary Fig. S2. Human iNKT cells produce Thl-biased cytokines and exhibit
cytotoxicity against hepatoma cells in a CD1d-dependent way.

PBMCs from the healthy donor were stimulated by a-GalCer (aGC) and IL-2 for 7 days.
PBS57/hCD1d-tetramer (TET) sorted iNKT cells were stimulated with HepG2 or HepG2-
tmCD1d without or with a-GalCer loaded. (A) Representative histogram for CDI1d
expression on HepG2 and HepG2-tmCD1d. (B) Concentrations of [IFN-y, TNF-a, IL-4, and
IL-10 in indicated groups (n=4-10/group). (C) CellTraceTM Violet-labeled HepG2 and
HepG2-tmCD1d were pulsed with vehicle (-aGC) or a-GalCer (+aGC) and then co-
cultured with sorted iNKT cells. Target cells alone served as control. iNKT cells
cytotoxicity was analyzed by measuring the percentage of Propidium lodide (PI) staining
target cells. Representative dot plots (left panel) and summarized cytotoxicity% (right
panel) are shown (n=5-13/group). Data are shown as mean + SEM and the statistical
significance was determined by an unpaired 2-tailed Student’s t-test. *p <0.05, **p <0.01,
*x%p <0.001.
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Supplementary Fig. S3. No changes in CD1d-expressing cells in peripheral blood from
CHB and HCC patients.

(A)Representative dot plots for gating strategy for monocytes, B cells and T cell in
PBMCs. (B)Histogram shows CD1d levels in indicated cell populations. (C) Percentages
and CD1d levels of circulating B cell and monocyte in indicated groups. (D) Percentages
of CD1d-expressing cells in PBMCs from indicated groups. Bar graphs are shown as
mean = SEM. Data are pooled from at least 3 independent experiments.
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Supplementary Fig. S4. iNKT cells from different individuals typically express an
invariant TRAV10-TRAJ18 and highly diverse TCR CDR3p loop.

RNA sequencing data of a-GalCer/IL-2 expanded iNKT cells from 3 HD (HD1-3, HD
iNKT), 3 CHB (CHBI1-3, CHB iNKT), and 3 HCC patients (HCC1-3, HCC iNKT) were
analyzed for TCR usages by MiXCR software. (A) The frequency of TRAV and TRBV
usage of iNKT cells from all detected individuals. (B) The percentage of TRBV25-1 in
INKT cells from indicated groups. (C) Seqlogo plots for amono acid enrichment at each
position for CDR3 sequences in indicated groups (n=3/group).



hsa04060:
CHB iNKT vs HD iNKT

sooo0fon o
Q000800
CpEESL 0

ELCERRELER

=
3

hsa04060:

| THERSELD
el
75Ed TNFSFT:
gl
<HiF2
=21
s¥rf
54
i
(78
"
T
3
)
i
TNESF 1R
it HE
K1
Ul
2
R
i
TNFRSFT
71 i
2 TNERSE 1T Iy
i g £
TNFRSE] 32 4
R a
Sclals
e s
it} s
LA H
it %
A i
GoRy s
TNERSF T -
e i
it 4
A i s
o i 2
EFD s
CHTER i s
i sl i
il it 3
GLCF1 s
P Cisin
) Ty
GEL1s TNEEFS s
i i H
Gsry il :
Cins - i
ot H .
27 i i
e} \ i
clig
] h
iR & i
NCHR iR h
TNRRSEIE THERAF 121, H
g THERSFS s
[os; e
Fi e
O i
e H
T s
THPRSF 1A i
i H
s £ £
3 -4
3 1
i H
is :
il s
x o i
fé3) i b
iLin 5l H
el : ;
i g i
e NEREFGE :
e} h
e i
paflza] i
i :
1120 .
o T B
v i
THERE n
THEREE IS
IHEES
TR
THERSE
120
it
™F
iy
£
W7
NFRSEL
THRRSE TS THERERSE
TNFRGH 100
TSR :
THER s
5 :
i) N
N .
e h
rei) i
frii i
cxel i
ER] 3
Iinss i
TiESE h
fiyres R a
ACKRA " h
13 i :
ILaRER 2 i
s s i
NEHSEY 27 H
2R i i
THEREE 50 ] 3
i ] H
HEL e i
BMES 76 H
Rana GTF
i) THESET A :
it ILZzgAT i
i i i
AT ol a
L3 ol :
e i
o h
fotes 3
i i
THERSF i
RE .
THERSH Iy
i

log2FoldChange

a
i
i

HCC iNKT vs CHB iNKT

hsa04060:
Cytokine-cytokine receptor interaction

T

1

= 13

2

it

- 1

it}

2

5

—_ 127
£y

. i

=

&

IFEs
IS
i

e
R

III I I-!l Il I

zoTTIoszze
3 FEE:

T I!”lH

]

« N1

i




Supplementary Fig. S5. HCC iNKT cells have predominantly increased genes in the
‘Cytokine-cytokine receptor interaction’ pathway.

(A) Plot showing the Log2 fold change value of genes of ‘Cytokine-cytokine receptor
interaction’ pathway in CHB iNKT vs HD iNKT (left panel) and HCC iNKT vs CHB iNKT
(right panel). (B) Heatmap of the relative levels of involved genes in indicated samples.
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Supplementary Fig. S6. HCC iNKT cells have predominantly increased genes in the

‘Transcriptional misregulation in cancer’ pathway.
(A) Plot showing the Log?2 fold change value of genes of ‘Transcriptional misregulation

in cancer’ pathway in CHB iNKT vs HD iNKT (left panel) and HCC iNKT vs CHB



iINKT (right panel). (B) Heatmap of the relative levels of involved genes in indicated
samples.
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Supplementary Fig. S7. iNKT cells from HBV-related HCC patients present an elevated
senescent phenotype compared to chronic hepatitis B patients.

Transcripts from RNA-Seq data of GalCer/IL-2 expanded iNKT cells from HCC (HCCI1-
4, n=4) and CHB patients (CHB1-3, n=3) were compared and enriched for GO, KEGG,
and GSEA analysis. (A) The histogram graph shows normalized enrichment scores (NES)
of senescence-related biological processes from GSEA analysis based on the GO database.
(B) GSEA of the transcriptional signature of “DNA replication” and “Cell cycle” KEGG
pathways. (C) GSEA of the transcriptional signature of “Glycolysis” and “Oxidation
phosphorylation” KEGG pathway. (D) The histogram graph shows normalized enrichment
scores (NES) of telomere maintenance-, calcium transport-, and mitochondrial function—
related biological processes from GSEA analysis based on the GO database. (E) GSEA of
the transcriptional signature of the “Calcium signaling pathway” KEGG pathway. (J)
Scatter graphs with bar show related mRNA levels of ITPRI and ITPR?2 in the indicated
groups. Data are shown as mean = SEM and the statistical significance was determined by
DESeq on R.
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Supplementary Fig. S8. Colocalization of PC and the mitochondrial tracker are frequently

found in immune cells.

(A) Confocal image shows the localization of FITC-PC in the lymphocytes that stained
with CD45. (B-C) Confocal image shows the localization of FITC-PC in the lymphocytes
that stained with mitochondrial deep red (MTDR).

10



Indicated stim

A unstim Veh MC PC sc .
INKT ) | iNkT ) Nl kT ce
0203 1/ | 2878 1802 5/ |66 & 0268 g O
,/_/ (f// S i L4 wec 0 aGC/IL2
B i Bl By B %100
[ =
E ! i . : = 501 |of 3
Nkt |[inkt o) ikt et ikt kT~ =
0231 7’ 3.846 ﬁ 1169)// 1887 A/ 0,573// 0.282 // g ﬁﬁ
e " -:’. » : L .. : ‘ B . ; ( aGCAL2 ° 0 : . J :
s | Bad | b | s | b | b LC MC PC SC

CD3 -
Supplementary Fig. S9. Similar inhibitory effects of LCACs on a-GalCer-expanded
iNKT cells and a-GalCer/IL-2-expanded iNKT cells.
PBMCs from healthy donors were stimulated with a-GalCer and LCACs in the absence
(aGC) or presence IL-2 (aGC/IL-2) for 7 days, followed by iNKT cell detection.
Representative dot plots (A) and bar graph with scatter plots (B) show the ratio of iNKT

cells and inhibition rates, respectively.
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Supplementary Fig. S10. Lauroyl-carnitine and myristoyl-carnitine impair a-GalCer/IL-2-
induced iNKT cell proliferation.

(A-D) PBMCs from healthy donors were stimulated with a-GalCer/IL-2 for 7 days in the
presence of vehicle (Veh), lauroyl-carnitine (LC), or myristoyl-carnitine (MC). (A)
Representative dot plots and bar graph with scatter plots show the percent of iNKT cells in
PBMCs treated with vehicle (Veh), LC (100 uM), or MC (100 uM) (n=10/group). (B)
Representative histograms and the bar graph with scatter plots show the percent of
CFSE"e" iNKT cells in indicated groups (n=9/group). (C-E) PBMCs from healthy donors
were stimulated with a-GalCer/IL-2 for 7 days and then treated with vehicle (Veh), LC
(100 uM), or MC (100 uM) for 3 days. (C) The flow chart shows the process of the assay.
(D) Representative dot plots and bar graph with scatter plots show the percent of iNKT
cells in PBMCs in indicated groups (n=6/group). (E) The bar graph with scatter plots shows
the percent of annexinV" iNKT cells in indicated groups (n=6/group). Data are shown as
mean £ SEM and the statistical significance was determined by a paired 2-tailed Student’s
t-test. *p <0.05, **p <0.01, ***p <0.001.
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Supplementary Fig. S11. The inhibition to iNKT expansion mediated by LCACs was
independent of altered a-GalCer presentation by APCs.

(A-C) PBMCs from healthy donors (n=4) were stimulated with a-GalCer/IL-2 in the
presence of LCACs for 3 days, followed by the detection of ratios and CD1d-expression
levels of B cells and monocytes. (A) Summary bar graph with scatter plots shows the ratio
of B cells and monocytes in PBMCs in indicated groups. (B) Histograms and (C) summary
bar graph with scatter plots show the CD1d levels of B cells and monocytes in indicated
groups. (D-F) PBMCs were stimulated with microbeads coating with PBS57/hCD1d
tetramer and anti-CD28 antibody in the presence of different LCACs. (D) The flow chart
shows the experimental design. (E) Representative dot plots and (F) summary bar graph
with scatter plots show the percent of iNKT cells in PBMCs. Bar graphs are shown as mean
+ SEM. Data are statistical significance determined by a paired 2-tailed Student’s t-test.
*P < 0.05.
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Supplementary Fig. S12. Accumulation of LCACs do not lead to deficiency in IFN-y
production of iNKT cells and show little effect in promoting senescent phenotype.
PBMCs from healthy donors were stimulated with a-GalCer/IL-2 for 7 days, and treated
with vehicle (Veh), palmitoyl-carnitine (PC) or stearoyl-carnitine (SC) for 3 days, followed
by a CD3/CD28 stimulation or not for the intracellular cytokines and supernatant cytokines
detection. (A) The flow chart shows the process of the assay. (B) Representative dot plots
and summary bar graphs with scatter plots show the percent of IFN-y+ iNKT cells and
IFN-y mean fluorescence intensity (MFI) of iNKT cells in indicated groups without
CD3/CD28 stimulation (n=6/group). (C) The concentration of IFN-y in the supernatant of
PBMCs without CD3/CD28 stimulation (n=6/group). (D) Representative dot plots and
summary bar graphs with scatter plots show the percent of IFN-y+ iNKT cells and IFN-y
MEFTI of iNKT cells in indicated groups with CD3/CD28 stimulation (n=6/group). (E) The
concentration of IFN-y in the supernatant of PBMCs without CD3/CD28 stimulation
(n=6/group). (F-G) PBMCs from healthy donors were stimulated with a-GalCer/IL-2 for 7
days and then treated with vehicle (Veh), LC (100 uM), or MC (100 uM) for 3 days. (F)
The flow chart shows the process of the assay. (G) Representative dot plots and bar graph
with scatter plots show the SA-B-Gal levels of iNKT cells in indicated groups
(n=4/group).Data are shown as mean + SEM pooled from 3 independent experiments.

14



HBV-infected HCC

INKT% a _ﬂl

nd res Onsiveness

INKT9,

HD CHB HCC
@ @ Control liver  Non-tumor Tumor
(\f/ I : éCSCuJ
FITc-PoMTDR LCACS

cD69, Fas Annexin-Y
-
I "
o
i

Senescence Proliferation -

-associated J Cytotoxicity . =

Phenotype Cell cycle PC location

Mitochondrial stress = Telomere maintain Lipidomic profiling

Supplementary Fig. S13. INKT cells senescence correlates with accumulated LCACs in
HBV-related HCC.
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