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Supplementary Figure S1. IL27R signaling is implicated in the regulation of HCC.
A, ELISA analysis of serum IL27EBI3 levels in HCC patients grouped by viral infections status. HBV+-
hepatitis B virus positive; HCV+-hepatitis C virus positive. Note that HCV+ patients showed higher serum
EBI3 levels compared to HBV+ patients (p=0.03), however no differences were observed when comparing
with the “no infection” patients. B, No correlation between serum AFP and EBI3 levels in the CHUM HCC
patient cohort. C, Representative images of IHC staining for IL-27RA expression in human HCC. D, Body
weight of DEN-injected tumor-bearing Il27ra+/- (n=10) and Il27ra-/- (n=10) male mice. E, Circulating proteins
in serum of DEN-injected tumor-bearing Il27ra+/- (n=4) and Il27ra-/- (n=5) male mice. F,G, Representative
images and quantification of IHC staining for p-ERK1/2 (F) and a-SMA (G) on sections of HCC-bearing
livers from DEN-injected Il27ra+/- (n=3-12) and Il27ra-/- (n=3-10) mice. Data are mean ± SEM. ** p<0.01.
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Supplementary Figure S2. IL27R on hepatocytes or HCC cells does not affect cell proliferation.
A, Liver to body weight ratio of Il27ra+/- (n=7) and Il27ra-/- (n=3) and Il27ra+/- (n=5) and Il27ra-/- (n=4) male
mice subjected to 2/3 partial hepatectomy (PH) or sham surgery. B, Representative image and
quantification of the colonies of DEN-derived HCC cells stimulated in vitro with rIL27. C, Efficiency of
Il27ra knockdown by shRNA as determined by Q-RT-PCR. D, Representative image and quantification of
the colonies of DEN-derived HCC cells with or without knockdown of Il27ra, which were stimulated in vitro
with rIL27. Data are mean ± SEM from at least 2 independent experiments. E, Western blot analysis of
phospho-STAT3 and STAT3 protein expression in DEN-derived HCC cells treated with rIL27 in vitro for 0,
15 min or 30 min. F, Scheme of experiment. HCC cells with or without knockdown of Il27ra were
orthotopically transplanted to livers of C57BL/6 mice fed with WD. G Macroscopic images of liver tumors
and quantification of maximum tumor sizes. H, Scheme of experiment. IL27R sufficient HCC cells were
orthotopically transplanted to livers of Il27ra+/- or Il27ra-/-mice fed with WD. I, Macroscopic images of liver
tumors and quantification of maximum tumor sizes. Data are mean ± SEM from at least 3 independent
experiments. ***p<0.001, *p<0.05. Tukey’s multiple comparisons test (A, D).
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Supplementary Figure S3. The role of IL27R in the regulation of immune tumor microenvironment
in HCC. FACS analysis of immune cells infiltrating non-tumor (NT) and tumor (T) tissues of DEN- treated
Il27ra+/- and Il27ra-/- mice. Percentage of (A) CD8+TCRβ+ and CD4+TCRβ+ cells, (B) Ly6G+ (neutrophils)
and Ly6C+ (inflammatory monocytes), (C) F4/80+ macrophages are shown (n=4-9). Data are mean ± SEM
from at least 3 independent experiments from DEN injected, tumor bearing 10-month-old mice. D, Gating
strategy to define and characterize NK versus ILC1 cells within NK1.1+ TCRβ- population.
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Supplementary Figure S4. Single cell RNA sequencing analysis of HCC-infiltrating immune cells.
A, Scheme of scRNA seq pipeline to analyze CD45+ immune cells in non-tumor (NT) and tumor (T)
tissues of DEN-treated Il27ra+/- and Il27ra-/- mice. B, Gating strategy for FACS sorting of CD45+NK1.1+

and CD45+NK1.1- cells. C, Heatmap overview of significantly differentially expressed genes which define
various clusters of CD45+ cells using Seurat. D, UMAP plot of 41772 pooled mouse CD45+NK1.1+ and
CD45+NK1.1- cells isolated from NT and T tissues of DEN-treated ll27ra+/- and Il27ra-/- mice and subjected
to 10x Genomics single cell droplet scRNA sequencing. Cluster analysis yields 34 distinct clusters and 19
immune cell types. E, UMAP plot shows cell type specific expression pattern for Il27ra, Il27Ebi3, Il27p28
among clusters.
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Supplementary Figure S5. Single cell RNA sequencing analysis of NK1.1+ cells.
A, UMAP plots for selected genes for NK, ILC1 and NKT cells among sorted CD45+NK1.1+ cells (see also
Fig. 3C). B, Ridge plot visualization for the expression of selected cytotoxicity and recruitment markers
among NK and ILC1 clusters. C,D, Heatmap of differentially expressed genes which define NK clusters
(C) and ILC1 clusters (D) depicted on Fig. 3F and 3K, respectively. (E) Selected UMAP feature plots
showing RNA expression of additional cluster markers for ILC1 clusters.



Ly6c2
Zeb2
Itgam
Prf1
Gzma
Gzmb
Ccl5
Klrg1
Icam1
Ifng
Bcl2
Cd28
Emb
Ltb
Hopx
Cym
Cd160
Il21r
Il7r
Kit
Litaf
Nfkb1
Nr4a3
Ifngr1
Nr4a1
Nfkbid
Nfkbiz
Cd69
Fosb
Ctla2a
Ctla2b
Xcl1
Il2rb
Nr4a2
Ccr2
Runx3

−2

0

2

4

6

Prf1

Ifng Emb

GzmbKit

Il7r

4-4 0

-2.5

2.5

0.0

dim_1

di
m
_2

4-4 0

-2.5

2.5

0.0

di
m
_2

4-4 0

-2.5

2.5

0.0

di
m
_2

4-4 0

-2.5

2.5

0.0

dim_1

di
m
_2

4-4 0

-2.5

2.5

0.0

dim_1

di
m
_2

4-4 0

-2.5

2.5

0.0

di
m
_2

dim_1

dim_1
dim_1

B

A

1

2

Trajectory 1 Trajectory 2

1

2

1

2

1

2

1

2

1

2

Cd160

Rgs1

Itga1

Klre1

Nkg7

Ccdc184

Cd82

Klrb1b

Emb

Il18r1

Tnfaip3

Litaf

Ifrd1

Maff

Pecam1

Nr4a1

−2

0

2

4

6

C

Cd160

Rgs1

Itga1

Klre1

Nkg7

Ccdc184

Cd82

Klrb1b

Emb

Il18r1

Tnfaip3

Litaf

Ifrd1

Maff

Pecam1

Nr4a1

−2

0

2

4

6
Cd160

Rgs1

Itga1

Klre1

Nkg7

Ccdc184

Cd82

Klrb1b

Emb

Il18r1

Tnfaip3

Litaf

Ifrd1

Maff

Pecam1

Nr4a1

−2

0

2

4

6

ILC1NK

D

−2

0

2

−5.0 −2.5 0.0 2.5 5.0
dim1

d
im
2

0.0
0.5
1.0
1.5

logged count of gene Kit

−2

0

2

−5.0 −2.5 0.0 2.5 5.0
dim1

d
im
2

0.0
0.5
1.0
1.5
2.0

logged count of gene Prf1

−2

0

2

−5.0 −2.5 0.0 2.5 5.0
dim1

di
m
2

0
1
2
3
4

logged count of gene Gzmb

−2

0

2

−5.0 −2.5 0.0 2.5 5.0
dim1

d
im
2

0
1
2
3
4
5

logged count of gene Ifng

−2

0

2

−5.0 −2.5 0.0 2.5 5.0
dim1

d
im
2

0
1
2
3

logged count of gene Emb

−2

0

2

−5.0 −2.5 0.0 2.5 5.0
dim1

di
m
2

0
1
2

logged count of gene Il7r

Prf1

Ifng Emb

GzmbKit

Il7r

dim_1

di
m
_2

dim_1

di
m
_2

dim_1

di
m
_2

dim_1

di
m
_2

dim_1
di
m
_2

dim_1

di
m
_2

Supplementary Figure S6. Differential gene expression during NK and ILC1 differentiation
regulated by IL27R. A, Heatmap of enriched genes for NK trajectories shown on Fig 3F. B, UMAP plots
visualizing gene expression of selected genes along the trajectories of NK cell differentiation. C, Heatmap
of enriched genes for ILC1 trajectory shown on Fig 3K. D, UMAP plots visualizing gene expression of
selected genes along the trajectories ILC1 differentiation. Color indicates increased (violet) or decreased
(green) expression.
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Supplementary Figure S7. Role of IL27R signaling in the regulation of innate cytotoxic cells
activity and response. Single cell suspensions of spleen, liver or peripheral blood from DEN-treated
Il27ra+/- (n=4-5) and Il27ra-/- (n=4-5) 10-month-old mice were stained for Live/Dead, CD45, TCRβ, NK1.1,
CD49a, CD49b, NKG2D, Ly49C and analyzed by FACS. Mean fluorescence intensity (MFI) and
percentage of positive cells for NKG2D and Ly49C expression on NK1.1+TCRb-CD49b+ NK and
NK1.1+TCRβ-CD49a+ ILC1 cells in spleens (A) and peripheral blood (B). C, MFI of expression for
NKG2D and Ly49C and percentage of positive cells among NK1.1+ TCRβ-CD49a+ liver ILC1 cells. D,E,
Q-RT-PCR analysis of relative gene expression of cytotoxic genes in liver CD49a+ ILC1 cells (D) or
splenic CD49b+ NK cells (E) stimulated in vitro with rIL27 (n=4-8). Gene expression was normalized to
Rpl32, and then to the gene expression in control. Data are mean ± SEM from at least 3 independent
experiments. F, Scheme of the experiment. 8-week-old Il27ra+/- and Il27ra-/- male mice were injected with
100 mg/kg of DEN. Inflammatory gene expression in livers was analyzed 48h later by Q-RT-PCR. G,
Relative gene expression of chemokines, cytokines and cytotoxic molecules in livers of Il27ra+/- (n=5) and
Il27ra-/- (n=5) male mice. Gene expression was first normalized to Rpl32 then to gene expression in liver
of Il27ra+/- mice. Data are mean ± SEM from at least 3 independent experiments. *p<0.05, **p<0.01,
unpaired Student’s t-test (two-tailed).
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Supplementary Figure S8. IL27R in NASH and NASH-driven HCC.
A, Body weight of WD-fed tumor-bearing mice MUP-uPA+Il27ra+/- (n=7) and MUP-uPA+Il27ra-/- (n=6) male
mice. B, Representative images and quantification of a-SMA staining of HCC sections from MUP-uPA+
Il27ra+/- and MUP-uPA+ Il27ra-/- mice (n=4). Data are mean ± SEM from at least 3 independent
experiments. C-F, 10x Genomics-based platform single cell RNA sequencing of cells from livers of mice
on regular or NASH-inducing diet (dataset GSE129516)(84). Analysis was performed using BBrowser
software. C, UMAP plot representing cell clusterization. D-F, Violin plot representing cell type specific
expression of Il27ra, Il27Ebi3, Il27p28 in identified clusters.
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Supplementary Figure S9. Depletion of NK1.1 cells in DEN-driven HCC.
Representative FACS plots of NK cell depletion efficiency in blood (A) and non-tumor and tumor tissue (B)
from DEN-driven tumor bearing Il27ra+/- and Il27ra-/- male mice which received anti-NK1.1 or isotype
control antibody. Representative images (C) and quantification of fibrosis (D) as determined by Trichrome
staining of liver sections from DEN-driven tumor bearing Il27ra+/- (n=3) and Il27ra-/- (n=3) mice received
anti-NK1.1 or isotype control antibody.
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Supplementary Figure S10. Anti-IL27 (SRF381) inhibits IL27-induced phosphorylation of STAT1
in T cells and NK cells. A,B, Mice were injected with empty vector (control) or murine IL27 (mIL27)
minicircles to induce ectopic IL27 expression by hydrodynamic transfection. Five days after transfection
mice were treated I.P. with 1 mg of either SRF381 or IgG isotype control antibody. Whole blood was
collected 24 h after antibody treatment and plasma was prepared. Plasma from antibody treated,
minicircle-expressing mice was incubated for 30 min in vitro with splenocytes from naive mice. Cells were
then fixed and permeabilized for pSTAT1 staining. Flow cytometry analysis was used to detect pSTAT1 in
CD3+ T cells. C, Splenocytes from naïve mice were incubated with recombinant murine IL27 (40 ng/ml)
for 30 min in vitro in the presence or absence of varying concentrations of SRF381. Cells were stained
for surface CD3 (T cells) or NK1.1+ (NK cells), then fixed, permeabilized, stained for phospho-STAT1 and
analyzed by FACS. Data were normalized to the geometric mean fluorescence intensity (gMFI) of IL27
stimulated vs unstimulated conditions, representing 0% and 100% inhibition, respectively.


