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Background: The major causes of morbidity and mortality of patients with chronic liver disease are liver
fibrosis and cirrhosis. Previous studies have been concerned with immune dysfunction in the pathogenesis of
cirrhosis progress. However, the potential molecular mechanism of how the liver’s fibrotic state favors tumor
progression is still unclear. We attempted to reveal deviations of the immune cell landscape between various
liver tissues and identify key biomarkers associated with patients’ outcomes.

Method: CIBERSORT was used for estimating the proportions of immune cells in various liver tissues.
Comparative studies were carried out by Kruskal-Wallis test and Wilcoxon test. For survival analyses, the
Cox proportional hazard regression model, Kaplan-Meier estimates, and log-rank test were used.

Results: Significantly different adaptive and innate immune cell types were selected, including T cells,
plasma cells, and resting mast cells. Meanwhile, the immune cell landscapes in The Cancer Genome Atlas’
(TCGA) hepatocellular carcinoma (HCC) patients with different degrees of fibrosis were also calculated.
Comparative studies and survival analysis were carried out. Resting mast cell and activated NK cells in
HCC patients with fibrosis was significantly lower than that in other HCC patients without fibrosis. Then,
the potential genes involved in immune cells and significantly associated with patients’ outcome were
identified. These genes may be potential novel checkpoints for immunotherapy, including PVRIG related
to NK resting/activated cells and T cell CD8+ infiltration which was recently targeted in breast cancer.
Furthermore, Pearson correlation coefficient analysis suggested that PVRIG is significantly positively related
to other checkpoint molecules and Teff gene signatures.

Conclusions: Alternative treatments, including immunotherapies, are necessary and urgent for HCC.
Although checkpoint inhibitors that block CTLA-4 and PD-1 have improved cancer immunotherapies,
targeting additional checkpoint receptors may be required to broaden patient response to immunotherapy.
Our studies may find possible ways to select novel targets and improve immunotherapy efficacy by disrupting
their function and promoting immune infiltration in advanced HCC patients with higher fibrosis and even

cirrhosis.
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Introduction

Liver cirrhosis is the 14" leading cause of death in the
world and the 10" leading cause in developed countries (1).
Being the 2" most common cancer death in the world, most
of the hepatocellular carcinoma (HCC) patients have liver
cirrhosis (2).

In hepatitis B virus (HBV)-related cirrhosis, the 5-year
cumulative HCC risk is 10% in developed countries.
Meanwhile, in hepatitis C virus (HCV)-related cirrhosis,
the same risk is 30% in Japan and 17% in developed
countries (3,4). Although the anticancer drugs for advanced
HCC have progressed quickly, the severity of liver cirrhosis
can prevent effective treatment (5-7). Most early-stage
HCC patients with cirrhosis are asymptomatic, hard to
diagnose, and subsequently progress to advanced-stage with
poor survival (8). Cirrhosis is the final stage of chronic liver
disease and is associated with the deposition of extracellular
matrix proteins, including collagen, in higher-order
structures within hepatic parenchyma (9), with hepatic
stellate cells and fibroblasts representing major producers
of collagen (10). Resolution of liver fibrosis or cirrhosis has
been observed in animal models and patients with chronic
liver disease of diverse etiologies (11,12). Importantly,
regression of fibrosis has also been reported to correlate
with improved clinical outcomes (13,14).

Previous studies have been concerned with innate and
adaptive immune dysfunction, which play import roles in
the pathogenesis of cirrhosis progress in both acute and
chronic liver diseases (15). Most research has focused on the
mechanism of monocyte and macrophage cells in hepatic
fibrogenesis and fibrosis resolution. Macrophage cells can
produce proinflammatory and profibrotic mediators, such as
the archetypal profibrogenic cytokine T'GFp, which impacts
myofibroblasts for activation and synthesizing extracellular
matrix (ECM) (16,17). Meanwhile, macrophage cells
can also produce other soluble mediators, for example,
TNF-o and IL-1f, both of which play key roles in
inducing the activity of NF-kB, increasing liver fibrosis and
promoting survival through activating hepatic stellate cell-
myofibroblast (17).

In adaptive immune response, various subtypes of T cells
have distinct functions. TH2 (T helper cells subtype 2)
regulates IL-4/5/13/21 and promotes fibrogenesis. In
contrast, THI is associated with the expression level
of IFN-y and IL-12 and promotes anti-fibrosis (18).
Regulatory T cells are also a specific subtype that have been
reported as an antifibrotic factor and have been verified in
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liver disease and animal models (19,20). Previous studies
also declared that gamma delta T cells could inhibit hepatic
fibrosis by inducing the apoptosis of hepatic stellate cell-
myofibroblast (21). All these results suggest that various
subtypes of T cells influence fibrosis progression with a
complex molecular mechanism.

Other immune cells also have been reported in hepatic
fibrosis. For example, natural killer (NK) cells, as an
antifibrotic factor, can kill and clear the hepatic stellate cell-
myofibroblast and dendritic cells (DCs) involved in ECM
degradation during liver fibrosis resolution (22-24). These
studies taken together suggest that detecting the dysfunction
of innate and adaptive immunity in the occurrence and
development of HCC (from cirrhosis, dysplastic nodules,
and early HCC to advanced HCC) is necessary for
uncovering the potential molecular mechanism.

Newman et al. developed the tool CIBERSORT, which
can in silico quantify 22 immune cell types by 547 gene
expression profiles from various tissues (25). It is easier and
more convenient for identification of immune cell-based
prognostic and therapeutic markers after stratification into
molecular subtypes. This method has been successfully
validated and used in several malignant tumors located in
areas like the colon, lung, and breast (26-28). In our studies,
CIBERSORT was used for estimating the proportions
of different immune cells in normal, cirrhotic, and HCC
liver tissues. The significant different adaptive and innate
immune cell types were found.

Meanwhile, CIBERSORT was also used in HCC samples
with different liver fibrosis degrees in The Cancer Genome
Atlas (TCGA). Comparative studies and survival analysis
were carried out, and special immune cells significantly
related to patient outcome were selected. Finally, potential
genes involved in immune cells and associated with patient
outcome were identified. These genes may be used as novel
checkpoints or targets for immunotherapy and antifibrotic
therapy of HCC patients.

Methods
Gene expression profiles

Gene expression was profiled by Affymetrix human genome
U133 Plus 2.0 Array [GEO: GPL570] and could be
downloaded into the Gene Expression Omnibus (GEO)
with the following accession number: GEO:GSE6764
(29,30). These datasets had 10 healthy livers (control), 13
cirrhotic tissues, 17 dysplastic nodules, and 35 HCCs (18
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early and 17 advanced). The details are shown in Table S1.
The TCGA dataset was downloaded from the UCSC Xena
platform (31), and 212 samples with fibrosis Ishak score
were selected, including 74 no fibrosis, 31 portal fibrosis, 28
fibrous septa, 9 nodular formation and incomplete cirrhosis,
and 70 established cirrhosis samples, in which 209 samples
had the information of overall survival (OS) and 182 samples
had relapse-free survival (RFS) information (7able S2).

Immune cell profiles by CIBERSORT

CIBERSORT is an analytical tool which accurately
quantifies the relative levels of distinct immune cell
types within a complex gene expression mixture (25).
To characterize and quantify each immune cell subtype,
CIBERSORT uses gene expression signatures consisting of
547 genes (LM22 files). In our studies, immune cell profiles
were calculated for each sample from GEO and TCGA, and
mean values for each tissue type were calculated. Kruskal-
Wallis test was applied to analyze the differences between
various tissues.

Total macrophage fraction was calculated as a sum of
MO, M1, and M2 macrophage fractions. Total T cells were
calculated as a sum of CD8+ T cells, CD4+ naive T cells,
CD4+ memory resting T cells, CD4+ memory-activated T
cells, follicular helper T cells, regulatory T cells (Tregs), and
T cell gamma delta fractions. Total B cells were calculated
as a sum of B cell naive T cells and B memory cells.

Differentially expressed genes

Differentially expressed genes (DEGs) in GSE6764 were
identified between different liver tissues with the threshold
of absolute log2-fold-change >1 and an adjusted P value
<0.05 with R package “limma”.

Survival analysis

In survival analysis, Cox proportional hazards (COXPH)
model is the most commonly used. In our studies, COXPH
was carried out to assess whether proportions of immune
cells from CIBERSORT and related gene expression
levels were associated with patient outcome. We assumed
that there were n samples (i=1, 2, ..., n) in the expression
profiles, and the ith sample’s survival time was ti; at the same
time, the sample had a set of candidate genes Xil, Xi2, Xi3,
and Xip. The model was as follows:

(@ E)=ny(0)eln(B &5+ L)
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h(t, X) represents the risk function related to hazard function
at time t. hy(¢) represents the baseline hazard function. p
represents the counts of influencing factors. X represents
the state vector of the influencing factors. f represents
the coefficients’ vector. B,&+8,6,+ +B,E, represents the
prognostic index. The COXPH analysis was performed
using the “Survival” R package with the “coxph” function.

Proportions of immune cells from CIBERSORT and
expression values of genes consistently identified were
discretized into high and low categories based on median
values. Kaplan-Meier survival analysis and log-rank test
were used. All statistics were calculated by R language
(Version 3.5.2).

Results
Patient characteristics

Gene expression profiles of 75 samples (10 normal tissues,
13 cirrhotic tissues, 17 dysplastic nodules, 17 early HCCs,
and 18 advanced HCCs) were downloaded from GEO
(GEO Accession: GSE6764) and analyzed in this study (30).
Additionally, gene expression profiles of 212 HCC samples
staged with the Ishak fibrosis score (ranging from 0= no
fibrosis to 6= cirrhosis) were selected from TCGA for
further analysis, among which 209 (or 182) samples had
clinical outcome defined as OS (or RFS). Detailed patient
characteristics are listed in Tables S1,52. The dataset
selection scheme and workflow of studies are shown in
Figure 1.

Different proportions of adaptive and innate immune cells
types in normal, cirrbotic, and tumor tissues

Firstly, the proportions of different immune cells of 75
samples in GSE6764 were estimated based on the LM22
signature files by CIBERSORT and the results were shown
in Figure 2. Then the comparative studies were carried out
for revealing the differences between various liver tissues
(Tibles S3,54).

For adaptive immune cells, the total T cells (P=2.17E-2,
Figure 1B) and plasma cells (P=5.95E-3, Figure 1C) were
significantly different, and the total B cells were not
significantly (P=2.56E-1, Figure 2A) altered between various
liver tissues. There were 5 main T cell subpopulations
with higher fractions, in which 3 subgroups (CD4 resting
memory (Figure 1D), follicular helper (Figure 1E), and
regulatory Tregs (Figure 1F) were significantly altered, while
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the other 2 subgroups (CD8 and gamma delta) were not
significantly altered between the different live tissues (Figure
S1A4,S1B). The fraction of CD4 resting memory and gamma
delta T cells were increased in cirrhosis and dysplasia
tissues and then decreased in HCC (especially in advanced
HCC). In contrast, the Tregs and follicular helper T cells
were down-regulated in cirrhosis and dysplasia tissues and
then up-regulated in HCC (especially in advanced HCC).
The correlation test suggested that follicular helper was
significantly positively associated with CD8 (R=0.68) and
gamma delta (R=0.53), and negatively associated with CD4
resting memory (R=-0.55).

The plasma cells were increased in cirrhosis
(22.28%=7.56%), dysplasia (17.31%%8.58%), and HCC
(15.65%+11.98%) when compared to healthy liver
(9.41%+3.83%). Although the total of B cells was not
significantly altered between different liver tissues (Figure 3A),
the fraction of B cell naive (or B cell memory) in cirrhosis
tissues was significantly higher (or lower) than dysplasia,
and early and advanced HCC (Figure 3B,C).

For innate immune cells, the results of Kruskal-Wallis
tests suggested that monocytes (P=4.85E-5, Figure 3D),
neutrophils (P=1.75E-4, Figure 3E), dendritic cells
(P=2.96E-3, Figure 3F) and the total mast cells (P=1.18E-3,
Figure 44) were significantly altered. Meanwhile,
macrophages, the total NK cells, and eosinophils were not
significantly altered (Figure S1C,S1D,SIE). The fractions of
monocytes and neutrophils were lower in cirrhosis and HCC
than in the healthy liver, and the correlation test suggested
that they were highly related to each other (R=0.82). For
mast cells, activated subtypes were higher in healthy liver,
whereas resting subtypes were higher in advanced HCC
(Figure 4B). For dendritic cells, the results suggested that
resting subtypes were significantly increased in cirrhosis
when compared to healthy liver tissues and then decreased in
advanced HCC (Figure 4C). The main polarized macrophage
subtypes, named M1 and M2, significantly changed between
different liver tissues. Furthermore, M1 was decreased, and
M2 was increased in cirrhosis in comparison to the normal

liver tissues (Figure 4D,E).

Different proportions of immune cells types in HCCs with
different fibrosis degrees

To further study whether the degree of liver fibrosis could
have an impact on the fraction of immune cell type, the
gene profiles of 212 samples with a fibrosis Ishak score
(ranging from 0 to 6) were downloaded from the UCSC
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Xena platform (31). Similarly, the samples were divided
into 3 groups with different fibrosis Ishak scores (no
fibrosis: 0, early fibrosis: 1-4, advanced fibrosis: 5-6) and
the proportions of different immune cells were estimated
(Figure 2B) and comparative studies were carried out
(Tables S5,56).

For adaptive immune cells, the subtypes of T cells,
B cells, and plasma cells were not significantly different
in each group of HCC samples. For innate immune
cells, comparative studies illustrated that the polarized
macrophage M1 subtype increased with an increase of
fibrosis degree (no fibrosis vs. advanced fibrosis, P=2.32E-2,
Figure 4F). In contrast, the fractions of some immune cell
subtypes were significantly decreased with an increase
of fibrosis degree, such as resting mast cells (P=2.30E-2
Figure 54), monocytes (P=5.80E-2, Figure 5B), neutrophils
(P=5.00E-2, Figure 5C), and activated NK cells (P=4.6E-2,
Figure 5D). Resting mast cell number in HCC patients
without fibrosis was significantly higher than that in other
HCC patients with early fibrosis (P=2.13E-2) and advanced
fibrosis (P=1.60E-2). Meanwhile, monocytes in HCC
patients without fibrosis were significantly higher than
the other HCC patients with early fibrosis (P=4.36E-2)
and advanced fibrosis (P=4.02E-2). Neutrophils in HCC
patients without fibrosis were significantly higher than early
fibrosis HCC patients (P=2.06E-2). The results of activated
NK cells were also similar, and HCC without fibrosis had a
higher number than early fibrosis HCC patients (P=2.44E-2)
and advanced fibrosis HCC patients (P=4.87E-2).

Association between immune genes and OS (RFS) by
TCGA datasets

As previously mentioned, the analysis of comparative
studies in microarray datasets and TCGA both revealed that
significant differences in immune cell composition existed
not only in healthy livers vs. cirrhosis and cirrhosis vs. HCC,
but also in types of HCC with different degrees of fibrosis.
Previous studies have reported that immune cell migration
and/or retention in tumors can impact patients’ overall
survival and/or recurrence-free survival. Therefore, our
studies hypothesized that genes involved in those immune
cells could be significantly associated with OS and RFS.

For revealing the molecular mechanism of the different
fraction of immune cells and identifying candidate genes,
we first re-analyzed the microarray datasets. Differentially
expressed genes (DEGs) were identified between different
liver tissues with the threshold of absolute log2-fold-change
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Figure 5 The fractions of innate immune cells in TCGA dataset. CIBERSORT immune cell fractions were determined for each sample;

each dot represents one sample. Mean values and standard deviations for each cell subset including resting mast cell (A), monocytes (B),

neutrophils (C), and activated NK cells (D), were calculated for each sample group and compared using Kruskal-Wallis test and Wilcoxon

test.

>1 and adjusted P value <0.05 (Table ). In different DEG
groups (control vs. cirrhosis and cirrhosis vs. HCC), the
enrichment results of top 20 Gene Ontology BP (biological
process) were shown in Figure 6, respectively. With the
development of the disease, there were apparent significant
dysfunction of immune system in both DEG groups,
including immune response and inflammatory response.
The enrichment results of KEGG pathways were shown
in Figure S2, the abnormal pathways related immune
and cirrhosis were also found, such as ECM-receptor
interaction, "Toll-like receptor signaling pathway and TGF-
beta signaling pathway. These pathway analysis results

© Annals of Translational Medicine. All rights reserved.

were consistent with the Wurmbach ez 4/. who published
the GSE6764 (30). They also suggested dysregulation
of the Notch and Toll-like receptor pathway in early
carcinogenesis.

There were 189 DEGs found in the different DEG
groups which were also included in the CIBERSORT gene
signatures (http://fp.amegroups.cn/cms/8c16a193b0b926dc
420fa7bd4e8a85c6/atm.2019.09.122-1.pdf) and the heatmap
was shown in Figure 6A4. Secondly, COXPH analysis was
carried out on the fractions of immune cell types. Thirdly,
COXPH analysis was carried out on the TCGA datasets to
detect whether those DEGs were significantly associated

Ann Transl Med 2019;7(20):528 | http://dx.doi.org/10.21037/atm.2019.09.122
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Table 1 Differentially expressed genes

Tang et al. Clinical significances of immune cell landscape in HCC patients

Sample Up-regulated Down-regulated Sum

Control (n=10) vs. cirrhosis (n=13) 838 252 1,090
Cirrhosis vs. dysplasia (n=17) 36 488 524
Dysplasia vs. early HCC (n=18) 522 712 1234
Early HCC vs. advanced HCC (n=17) 263 165 428
Control vs. dysplasia 279 184 463
Control vs. early HCC 622 647 1,269
Control vs. advanced HCC 1,502 1,192 2,694
Control vs. HCC (n=35) 932 908 1,840
Cirrhosis vs. early HCC 318 836 1,154
Cirrhosis vs. advanced HCC 1,177 1,415 2,592
Cirrhosis vs. HCC 603 1,079 1,682
Dysplasia vs. advanced HCC 1,646 1,284 2,930
Dysplasia vs. HCC 914 955 1,869

HCC, hepatocellular carcinoma.

(P<0.05) with OS and/or RFS. There were 16 (or 79) DEGs
significantly associated with OS (or RFS) (Tables S7,S8).

For example, the fraction of resting NK cells were found
not only to be significantly related with OS (P=3.23E-2, HR
>1) but also significantly related with RFS (P=3.93E-2, HR
>1). Finally, the gene PVRIG (PVR related immunoglobulin
domain-containing, also named CD112R) involving NK
cell testing was found (32). COXPH analysis found that
PVRIG was significantly associated with OS [P=8.97E-3,
HR =0.676 (0.505-0.905)] and RFS [P=5.50E-3, HR=0.694
(0.505-0.898)]. As shown in in Figure 74,B, Kaplan-Meier
analyses were performed, and log-rank test suggested
PVRIG was significantly related by positive association with
OS (log-rank P=3.90E-2) and RFS (log-rank P=1.70E-2).
Many cancers failed to respond due to their resistance to
NK cell-triggered antibody-dependent cellular cytotoxicity
(ADCC). PVRIG is known to be important for lymphocyte
functions, and PVR-like receptors have been found to be
expressed in NK cells (32). Trastuzumab is the first-line
drug in treating breast cancer with high Her2 expression,
and previous studies have proven that blockade of TIGIT or
PVRIG, separately or together, could enhance trastuzumab-
triggered antitumor response by human NK cells for
improving trastuzumab therapy for breast cancer (32).
Furthermore, the values of Pearson correlation coefficient
between PVRIG and other checkpoint molecules (PDCD1,

© Annals of Translational Medicine. All rights reserved.

CTLA4, LAG3, HAVCR2, CD274) and Teff (effector
T-cell) gene signatures (33) were calculated. In Figure 65,
the results suggested that PVRIG is significantly positively
related to other immune genes (correlation coefficients:
0.35-0.67).

In innate immune cells, the monocytes, neutrophils,
total mast cells, and dendritic cells are significantly altered.
Mast cells play key roles in immune regulation, and the
mechanism behind mast cell inactivation in HCC is still
unknown. Mast cell activator IgE has been observed in
HBV-associated HCC (34). Our results also found the
fraction of active mast cells to be higher in healthy liver,
whereas the resting subtype was higher in advanced
HCC. COXPH analysis also found that the fraction
of resting mast cells was significantly associated with
patients’ outcomes. FCERIA (Fc fragment of IgE receptor
Ia), involving the activated and resting mast cells, was
significantly associated with HCC patients’ overall survival
[P=4.01E-2, HR =0.864 (0.752-0.993)] and relapse-free
survival [P=1.28E-2, HR =0.864 (0.752-0.993)]. The results
of the log-rank test and Kaplan-Meier analyses are shown
in Figure 7C,D, respectively. Mast cells are among the
fastest immune cell responders, and are especially abundant
at barrier sites. They rapidly release preformed mediators,
such as vasoactive amines, proteoglycans, proteases, and
cytokines from intracellular stores upon the crosslinking

Ann Transl Med 2019;7(20):528 | http://dx.doi.org/10.21037/atm.2019.09.122



Annals of Translational Medicine, Vol 7, No 20 October 2019

C

Type | interferon signaling pathway

Tesponse to virus

Regulation of cell proliferation

Positive regulation of leukocyte chemotaxis

Positive regulation of ERK1 and ERK2 cascade

Positive regulation of B cell activation

Phagocytosis, recognition

Phagocytosis, engulfment

Negative regulation of viral genome replication

Innate immune response

GO BP

Inflammatory response

Immune response

Extracellular matrix organization

Defense response to virus

Complement activation, classical pathway

Chemotaxis

Chemokine-mediated signaling pathway

Cell chemotaxis

Cell adhesion

B cell receptor signaling pathway

—— Type

12

14 Type
= Advanced

Cirthoses
Control
4
Ol oysplasia
8 | Early
6

| .
(SIS

—log;,(Qvalue)

9
6
3

Gene number
* 5

® e

@ 15

@ 20

@ s

0.025

0.050

0.075
Gene ratio

0.100

Page 11 of 15

1
T T T T T T T T T Tyee
0.69/0.690.28 0.75/0.61|0.73/0.64/0.65|0.50/0.67/0.65/0.23) PDCD1
0.8
0.62/0.72/0.26. 0.71/0.56/0.66/0.60|0.65/0.51/0.64|0.57/0.24 CTLA4
0.69 0.62 0.540.29/0.68/0.670.60/0.68/0.55/0.50|0.38/0.55/0.52 LAG3 06
0.69/0.72/0.54. 0.36|0.69/0.69/0.56/0.55|0.59|0.480.39(0.59|0.47/0.32| HAVCR2 Type
0.280.26/0.29/0.36 0.35/0.30/0.34/0.46/0.48/0.52/0.46 0.32/0.35 CD274 04 CheCkpomt
! Signature
0.68/0.69/0.35 0.67. 0.71/0.58 0.67/0.29) CD8A 9
Teff
0.75/0.71/0.67|0.69 0.30 0.71/0.72/0.71/0.60/0.54, 0.64/0.29| GZMA 0.2
0.61/0.56/0.60/0.56/0.34/0.67/0.71 0.67/0.55/0.59(0.44/0.70/0.50 GZMB
0.73/0.66/0.680.55|0.46 0.72/0.67 0.65|0.69/0.56|0.67|0.55, IFNG 0
0.64|0.60/0.55/0.59|0.48 0.71/0.55/0.65 0.71/0.60 0.650.28' EOMES
0.65/0.65(0.500.48|0.52(0.71/0.60/0.59/0.69/0.71 0.70/0.59 CXCL9
0.50|0.51/0.38/0.39|0.46|0.580.54|0.44/0.56 0.60 0.61/0.52, CXCL10
0.61 0.66/0.30| TBX21
0.52/0.66 0.26| PVRIG
0.30/0.26 FCER1A
- T @ o ¥ < Jus] n o o - <
3gjom,\m§§gw4—§9_
FSFISA8NNEZRCBSE
z © x O [CANO] Q38 X k12 o
T o o
Receptor-mediated endocytosis )
Positive regulation of B cell activation .
Phagocytosis, recognition °
Phagocytosis, engulfment °
Oxidation-reduction process [ ]
Organ regeneration (=}
Negative regulation of growth °
—log,,(Qvalue)
Mitotic nuclear division o
25
Mitotic cytokinesis °
2.0
N Inflammatory response ) 1.5
o
o
(O} Immune response Gene number
5
Exogenous drug catabolic process 4 o ® 10
@15
Epoxygenase P450 pathway ° ® 20
@2
Defense response to bacterium o
Complement activation, classical pathway {
Complement activation [ ]
Cellular response to zinc ion °
Cellular response to cadmium ion °
Cell division o
Cell chemotaxis ®
0.02 0.04 0.06 0.08
Gene ratio

Figure 6 The heatmaps and enrichment results of DEGs. The heatmaps of 189 DEGs found in the different DEG groups which were also
included in the CIBERSORT gene signatures were shown (A). The Gene Ontology enrichments of DEG in different DEG groups (control
vs. cirrhosis and cirrhosis vs. HCC) were shown (C and D). The Pearson correlation coefficients between our signatures (PVRIG, FCER1A),
various checkpoint molecules (PDCD1, CTLA4, LAG3, HAVCR2, CD274) and Teff signatures (CD8A, GZMA, GAMB, IFNG, EOMES,

CXCL9, CXCL10, TBX21) were calculated and shown (B). DEGs, differentially expressed genes; HCV, hepatitis C virus.
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of FCERI1-bound IgE. In Figure 6B, the results suggested
that FCERIA is less significantly positively related to other
immune genes than PVRIG. The function of mast cells and
FCERIA in aberrant liver is still unclear, and more studies
are needed.

Discussion and conclusions

The major causes of morbidity and mortality of patients with
chronic liver disease are liver fibrosis and cirrhosis. With
chronic inflammation and intra-hepatic immunosuppressive
microenvironment, liver fibrosis contributes to
hepatocellular carcinoma. Previous studies have found
immune gene profiles are consistently down-regulated
during HCC progression, which leads to tumor immunity
with a lower level, especially in advanced HCC. Okrah ez 4.
suggested that the fibrotic liver state makes a barrier by
collagens and ECM proteins and then prevents CD8+ intra-
tumor infiltration, which favors tumor progression (35).
Further, Okrah et 4/. found that administration of o-TGF-8
appeared to improve the fibrotic environment of STAM™
model of murine HCC and enhance distribution of
CD8+ T cells (35). All of this research has suggested that
uncovering the different immune cell fractions of aberrant
liver, revealing the potential molecular mechanism, and
identifying key biomarkers are necessary, as they may lead
to finding possible novel ways to improve immunotherapy
efficacy by disrupting the function of collagen and ECM
proteins and promoting immune infiltration.

In this manuscript, CIBERSORT was applied to assess
differential immune cell fractions in various kinds of liver
tissues (from healthy, cirrhotic, dysplastic nodules to HCC).
In adaptive immune cells, the total of T cells plays a central
role and is significantly altered. Among subtypes of T cells,
the fraction of CD4 memory resting and gamma delta T
cells were increased in cirrhosis and dysplasia tissues and
then decreased in HCC. In contrast, Tregs and follicular
helper T cells were down-regulated in cirrhosis and
dysplasia tissues and then up-regulated in HCC. Although
there was no significant difference found between HCC
samples with different degrees of fibrosis, T cell activation
was involved in all stages of the T cell response. Our
workflow suggested PRIVG was significantly associated
with survival. Previous studies have reported PRIVG as
a novel checkpoint for T cells. PRIVG was preferentially
expressed in T cells and inhibited T cell receptor-mediated
signals. It is known to compete with CD226 to bind to
CD112, disrupting the PRIVG-CD112 interaction that

© Annals of Translational Medicine. All rights reserved.
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enhances T cell response (36). Another 2 studies declared
that PVRIG is an inducible checkpoint receptor and that
targeting PVRIG-PVRL?2 interactions results in increased
CD8+ T-cell function and reduced tumor growth (37).

Alternative treatments, including immunotherapies, are
necessary and urgent for HCC. Preliminary clinical trials
with immune checkpoint inhibitors show great potential
in HCC as first and second-line treatment (38). Although
checkpoint inhibitors that block CTLA-4 and PD-1 have
improved cancer immunotherapies, targeting additional
checkpoint receptors may be required to broaden patient
response to immunotherapy. Meanwhile, the antifibrotic
agents to liver fibrosis have advanced in development.
Several novel agents focusing on special molecular targets
involved in fibrosis progression have entered the clinical
stage (39). Combination chemotherapy has been evaluated
in several pre-clinical settings and a handful of clinical
trials (40). The combination of immunotherapy with
antifibrotic therapy may treat HCC patients, especially with
advanced fibrosis and cirrhosis.

Our research attempted to study the variant immune cell
fractions in cirrhosis and HCC patients with variant fibrosis
degrees and to identify the key biomarkers, but naturally,
there were some limitations. Firstly, in the microarray
datasets, the patient sample size, especially the cirrhosis
samples were not big, and the fibrosis degree of the HCC
samples was not clear. Secondly, the TCGA datasets only
had the tumor samples, and the paired adjacent tissues were
lacking. Thirdly, more method and immune-related genes
could be used for estimating the fraction and activation
of variant types of immune cells. All these shortcomings
disturb the study’s robustness and could be improved in
future studies.
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Table S1 The sample information of GSE6764

Source name Characteristics Characteristics [disease staging]

GSM155950 HCV, HCC Very advanced

GSM155926 No infection, normal Not applicable

GSM155990 HCV, HCC Advanced

GSM155943 HCV, HCC Very advanced

GSM155930 HCV, HCC Pre neoplastic lesion: high-grade liver dysplasia
GSM155992 HCV, HCC Early

GSM155985 HCV, HCC Advanced

GSM155987 HCV, HCC Very early

GSM155920 HCV, HCC Pre neoplastic lesion: cirrhoses

GSM155975 HCV, HCC Pre neoplastic lesion: high-grade liver dysplasia
GSM155949 HCV, HCC Very advanced

GSM155953 HCV, HCC Very advanced

GSM155925 HCV, HCC Pre neoplastic lesion: low-grade liver dysplasia
GSM155993 HCV, HCC Very early

GSM155984 No infection, cirrhoses Not applicable

GSM155942 HCV, HCC Advanced

GSM155948 No infection, normal Not applicable

GSM155965 HCV, HCC Pre neoplastic lesion: cirrhoses

GSM155968 HCV, HCC Pre neoplastic lesion: cirrhoses

GSM155946 HCV, HCC Early

GSM155962 HCV, HCC Very advanced

GSM155923 HCV, HCC Pre neoplastic lesion: cirrhoses

GSM155969 HCV, HCC Pre neoplastic lesion: cirrhoses

GSM155922 HCV, HCC Pre neoplastic lesion: cirrhoses

GSM155963 HCV, HCC Advanced

GSM155981 HCV, HCC Pre neoplastic lesion: high-grade liver dysplasia
GSM155935 HCV, HCC Very early

GSM155961 No infection, normal Not applicable

GSM155955 HCV, HCC Early

GSM155976 HCV, HCC Pre neoplastic lesion: low-grade liver dysplasia
GSM155928 No infection, normal Not applicable

GSM155966 HCV, HCC Pre neoplastic lesion: cirrhoses

GSM155933 HCV, HCC Very early

GSM155924 HCV, HCC Pre neoplastic lesion: low-grade liver dysplasia
GSM155974 HCV, HCC Pre neoplastic lesion: low-grade liver dysplasia
GSM155951 No infection, cirrhoses Not applicable

GSM155945 HCV, HCC Early

GSM155947 No infection, normal Not applicable

GSM155979 HCV, HCC Pre neoplastic lesion: low-grade liver dysplasia
GSM155931 HCV, HCC Pre neoplastic lesion: cirrhoses

GSM155939 HCV, HCC Early

GSM155977 HCV, HCC Pre neoplastic lesion: high-grade liver dysplasia
GSM155972 HCV, HCC Pre neoplastic lesion: low-grade liver dysplasia
GSM155934 HCV, HCC Very early

GSM155980 HCV, HCC Pre neoplastic lesion: low-grade liver dysplasia
GSM155921 HCV, HCC Pre neoplastic lesion: cirrhoses

GSM155964 No infection, normal Not applicable

GSM155941 HCV, HCC Advanced

GSM155971 HCV, HCC Pre neoplastic lesion: low-grade liver dysplasia
GSM155937 HCV, HCC Early

GSM155936 HCV, HCC Very advanced

GSM155959 HCV, HCC Early

GSM155982 HCV, HCC Pre neoplastic lesion: high-grade liver dysplasia
GSM155989 No infection, normal Not applicable

GSM155958 HCV, HCC Early

GSM155929 HCV, HCC Pre neoplastic lesion: high-grade liver dysplasia
GSM155919 No infection, normal Not applicable

GSM155970 HCV, HCC Pre neoplastic lesion: high-grade liver dysplasia
GSM155986 HCV, HCC Early

GSM155940 HCV, HCC Advanced

GSM155938 HCV, HCC Advanced

GSM155967 HCV, HCC Pre neoplastic lesion: cirrhoses

GSM155927 No infection, normal Not applicable

GSM155991 HCV, HCC Very early

GSM155960 HCV, HCC Early

GSM155988 No infection, normal Not applicable

GSM155952 No infection, cirrhoses Not applicable

GSM155973 HCV, HCC Pre neoplastic lesion: low-grade liver dysplasia
GSM155983 HCV, HCC Very early

GSM155932 HCV, HCC Very early

GSM155956 HCV, HCC Very advanced

GSM155954 HCV, HCC Very advanced

GSM155944 HCV, HCC Very advanced

GSM155957 HCV, HCC Very advanced

GSM155978 HCV, HCC Pre neoplastic lesion: low-grade liver dysplasia

HCV, hepatitis C virus; HCC, hepatocellular carcinoma.



Table S2 The number of HCC samples with various fibrosis Table S3 The results of Kruskal-Wallis test between multiple liver Table S5 The results of Kruskal-Wallis test between multiple liver

degrees in TCGA tissues in GSE6764 tissues in TCGA
Fibrosis ishak score All Within OS  Within RFS Cell type P value Adjusted P value Cell type Pvalue  Adjusted P value
0—No Fibrosis 74 74 63 B cells naive 1.65E-03 1.60E-03 B cells memory 0.49 0.49
1,2—Portal Fibrosis 31 31 26 B cells memory 8.07E-03 8.10E-03 B cells naive 0.26 0.26
3,4—Fibrous Speta 28 27 24 Plasma cells 5.95E-03 5.90E-03 Dendritic cells activated NA NA
5—Nodular Formation and 9 9 8 T cells CD8 1.56E-01 1.60E-01 Dendritic cells resting 0.67 0.67
Incomplete Cirrhosis T cells CD4 naive NA NA Eosinophils 0.34 0.34
6—Established Cirrhosis 70 68 61 T cells CD4 memory resting 1.94E-02 1.90E-02 Macrophages MO 0.29 0.29
Sum 212 209 182 T cells CD4 memory activated 5.50E-01 5.50E-01 Macrophages M1 0.21 0.21
HCC, hepatocellular carcinoma; TCGA, The Cancer Genome )
Atlas; RFS, relapse-free survival. T cells follicular helper 3.63E-02 3.60E-02 Macrophages M2 1.00 1.00
T cells regulatory Tregs 9.99E-03 1.00E-02 Mast cells activated 0.58 0.58
T cells gamma delta 8.99E-02 9.00E-02 Mast cells resting 0.01 0.01
NK cells resting 3.18E-01 3.20E-01 Monocytes 0.16 0.16
NK cells activated 1.22E-01 1.20E-01 Neutrophils 0.07 0.07
Monocytes 4.85E-05 4.80E-05 NK cells activated 0.13 0.13
Macrophages MO 2.22E-04 2.20E-04 NK cells resting 0.91 0.91
Macrophages M1 1.98E-03 2.00E-03 Plasma cells 0.33 0.33
Macrophages M2 2.21E-03 2.20E-03 T cells CD4 memory activated 0.68 0.68
Dendritic cells resting 3.32E-03 3.30E-03 T cells CD4 memory resting 0.43 0.43
Dendritic cells activated 5.30E-01 5.30E-01 T cells CD4 naive 0.38 0.38
Mast cells resting 3.93E-03 3.90E-03 T cells CD8 0.72 0.72
Mast cells activated 1.84E-05 1.80E-05 T cells follicular helper 0.37 0.37
Eosinophils 5.38E-01 5.40E-01 T cells gamma delta 0.15 0.15
Neutrophils 1.75E-04 1.70E-04 T cells regulatory (Tregs) 0.40 0.40

TCGA, The Cancer Genome Atlas.

Table S4 The results of Wilcoxon test between two liver tissues in GSE6764

Cell type ConVsCir ConVsDys ConVsEHCC ConVsAHCC CirVsDys CirVsEHCC CirVsAHCC DysVsEHCC DysVsAHCC EHCCVsAHCC
B cells naive 0.02 0.74 0.76 0.31 0 0 0 0.92 0.64 0.53
B cells memory 0.23 0.45 0.06 0.07 0.03 0 0 0.22 0.25 0.99
Plasma cells 0 0.01 0.24 0.2 0.06 0.01 0.07 0.15 0.49 0.61
T cells CD8 0.25 0.94 0.06 0.22 0.26 0.17 0.87 0.03 0.33 0.42
T cells CD4 naive NA NA NA NA NA NA NA NA NA NA
T cells CD4 memory resting 0.03 0.05 0.61 0.14 0.8 0.48 0 0.59 0.01 0.12
T cells CD4 memory activated 0.12 0.29 0.31 0.18 0.44 0.4 0.76 0.93 0.58 0.53
T cells follicular helper 0.56 0.01 0.92 0.9 0.04 0.53 0.77 0.01 0.02 0.83
T cells regulatory (Tregs) 0.01 0.03 0.09 0.69 0.7 0.22 0.01 0.48 0.02 0.06
T cells gamma delta 0.01 0.21 0.39 0.16 0.02 0.07 0.24 0.7 0.68 0.6
NK cells resting 0.29 1 0.75 0.22 0.23 0.14 NA 0.66 0.16 0.09
NK cells activated 0.73 0.1 0.58 0.63 0.08 0.79 0.3 0.46 0.01 0.27
Monocytes 0 0.1 0 0 0.1 0.33 0.02 0.02 0 0.14
Macrophages MO 0.23 0.18 0.02 0 1 0.07 0 0.05 0 0.05
Macrophages M1 0 0 0.01 0.22 0.38 0.27 0.02 0.68 0.03 0.09
Macrophages M2 0.02 0.63 0.1 0.05 0 0.62 0.62 0.02 0.01 0.93
Dendritic cells resting 0 0.6 0.07 0.94 0 0.27 0.04 0.01 0.53 0.13
Dendritic cells activated NA NA 0.5 NA NA 0.43 NA 0.36 NA 0.36
Mast cells resting 0.07 0.5 0.07 0 0.08 0.88 0.13 0.07 0 0.19
Mast cells activated 0.02 0.07 0 0 0.21 0.3 0 0.02 0 0.06
Eosinophils 0.62 0.74 0.92 0.49 0.26 0.28 0.1 0.87 0.61 0.47
Neutrophils 0.01 0.08 0 0 0.14 0.06 0.24 0 0.01 0.1

HCC, hepatocellular carcinoma.



Table S6 The results of Wilcoxon test between two liver tissues in TCGA

Cell type Tissue 1 Tissue 2 P Adjusted P
B cells naive No fibrosis Early fibrosis 0.65 0.65
B cells naive No fibrosis Advanced fibrosis 0.09 0.17
B cells naive Early fibrosis Advanced fibrosis 0.06 0.17
B cells memory No fibrosis Early fibrosis 0.21 0.62
B cells memory No fibrosis Advanced fibrosis 0.41 0.81
B cells memory Early fibrosis Advanced fibrosis 0.58 0.81
Plasma cells No fibrosis Early fibrosis 0.21 0.43
Plasma cells No fibrosis Advanced fibrosis 0.11 0.34
Plasma cells Early fibrosis Advanced fibrosis 0.92 0.92
T cells CD8 No fibrosis Early fibrosis 0.50 1

T cells CD8 No fibrosis Advanced fibrosis 0.35 1

T cells CD8 Early fibrosis Advanced fibrosis 0.75 1

T cells CD4 naive No fibrosis Early fibrosis 0.13 0.4
T cells CD4 naive No fibrosis Advanced fibrosis 0.15 0.4
T cells CD4 naive Early fibrosis Advanced fibrosis 0.80 0.8
T cells CD4 memory resting No fibrosis Early fibrosis 0.10 0.3
T cells CD4 memory resting No fibrosis Advanced fibrosis 0.16 0.32
T cells CD4 memory resting Early fibrosis Advanced fibrosis 0.74 0.74
T cells CD4 memory activated No fibrosis Early fibrosis 0.27 0.82
T cells CD4 memory activated No fibrosis Advanced fibrosis 0.93 0.93
T cells CD4 memory activated Early fibrosis Advanced fibrosis 0.30 0.82
T cells follicular helper No fibrosis Early fibrosis 0.31 0.93
T cells follicular helper No fibrosis Advanced fibrosis 0.41 0.93
T cells follicular helper Early fibrosis Advanced fibrosis 0.86 0.93
T cells regulatory (Tregs) No fibrosis Early fibrosis 0.15 0.42
T cells regulatory (Tregs) No fibrosis Advanced fibrosis 0.14 0.42
T cells regulatory (Tregs) Early fibrosis Advanced fibrosis 0.75 0.75
T cells gamma delta No fibrosis Early fibrosis 0.07 0.22
T cells gamma delta No fibrosis Advanced fibrosis 0.11 0.22
T cells gamma delta Early fibrosis Advanced fibrosis 0.82 0.82
NK cells resting No fibrosis Early fibrosis 0.63 1
NK cells resting No fibrosis Advanced fibrosis 0.33 0.99
NK cells resting Early fibrosis Advanced fibrosis 0.69 1
NK cells activated No fibrosis Early fibrosis 0.05 0.097
NK cells activated No fibrosis Advanced fibrosis 0.02 0.073
NK cells activated Early fibrosis Advanced fibrosis 0.89 0.89
Monocytes No fibrosis Early fibrosis 0.04 0.12
Monocytes No fibrosis Advanced fibrosis 0.04 0.12
Monocytes Early fibrosis Advanced fibrosis 0.75 0.75
Macrophages MO No fibrosis Early fibrosis 0.09 0.27
Macrophages MO No fibrosis Advanced fibrosis 0.46 0.69
Macrophages MO Early fibrosis Advanced fibrosis 0.35 0.69
Macrophages M1 No fibrosis Early fibrosis 0.17 0.34
Macrophages M1 No fibrosis Advanced fibrosis 0.02 0.069
Macrophages M1 Early fibrosis Advanced fibrosis 0.44 0.44
Macrophages M2 No fibrosis Early fibrosis 0.93 1
Macrophages M2 No fibrosis Advanced fibrosis 0.75 1
Macrophages M2 Early fibrosis Advanced fibrosis 0.76 1
Dendritic cells resting No fibrosis Early fibrosis 0.20 0.6
Dendritic cells resting No fibrosis Advanced fibrosis 0.45 0.9
Dendritic cells resting Early fibrosis Advanced fibrosis 0.61 0.9
Mast cells resting No fibrosis Early fibrosis 0.02 0.048
Mast cells resting No fibrosis Advanced fibrosis 0.02 0.048
Mast cells resting Early fibrosis Advanced fibrosis 0.85 0.85
Mast cells activated No fibrosis Early fibrosis 0.85 1
Mast cells activated No fibrosis Advanced fibrosis 0.79 1
Mast cells activated Early fibrosis Advanced fibrosis 0.64 1
Eosinophils No fibrosis Early fibrosis 0.06 0.19
Eosinophils No fibrosis Advanced fibrosis 0.29 0.58
Eosinophils Early fibrosis Advanced fibrosis 0.31 0.58
Neutrophils No fibrosis Early fibrosis 0.02 0.062
Neutrophils No fibrosis Advanced fibrosis 0.11 0.22
Neutrophils Early fibrosis Advanced fibrosis 0.31 0.31

TCGA, The Cancer Genome Atlas.



Table S7 16 OS-related DEGs

Table S8 Seventy-nine RFS-related DEGs

Symbol P value HR (95% ClI) Symbol P value HR (95% Cl)
CCL14 0.0141 0.838 (0.729-0.963) ADAMDECT1 0.00629 0.873 (0.792-0.963)
CCR7 0.0337 0.852 (0.735-0.988) ALOX5 0.00154 0.811 (0.712-0.924)
CD8A 0.0109 0.824 (0.709-0.957) ATP8B4 0.00036 0.687 (0.56-0.843)
CXCL9 0.0164 0.856 (0.753-0.972) BCL2A1 0.0106 0.835 (0.727-0.96)
EFNA5 0.0109 1.13 (1.03-1.25) C5AR1 0.0247 0.781 (0.63-0.969)
ETS1 0.0487 0.8 (0.641-0.999) CCL18 0.00042 0.812 (0.723-0.912)
FCER1A 0.0391 0.864 (0.752-0.993) CCL23 0.00225 0.717 (0.578-0.888)
FOSB 0.0243 0.872 (0.774-0.983) CCND2 0.0485 0.835 (0.7-0.996)
GPR65 0.047 0.796 (0.635-0.997) CCR2 0.0278 0.872 (0.772-0.985)
ITK 0.022 0.833 (0.711-0.975) CCR5 0.00603 0.828 (0.723-0.948)
KLRK1 0.0216 0.815 (0.685-0.971) CCR7 0.0308 0.873 (0.772-0.988)
PIK3IP1 0.0391 0.788 (0.628-0.989) CD180 0.0022 0.76 (0.637-0.907)
PVRIG 0.00897 0.676 (0.505-0.905) CcDi1C 0.0232 0.876 (0.781-0.982)
REPS2 0.000276 0.651 (0.515-0.822) CD1E 0.0182 0.871 (0.776-0.977)
RRP12 0.0000231 2.11 (1.5-2.97) CcD2 0.00582 0.84 (0.742-0.952)
SKA1 0.0138 1.23 (1.04-1.44) cbh27 0.0184 0.875 (0.783-0.978)
DEGs, differentially expressed genes. CD300A 0.0308 0.811 (0.671-0.981)
CD37 0.000675 0.755 (0.642-0.889)
CD3D 0.0443 0.896 (0.805-0.997)
CD3E 0.00657 0.843 (0.745-0.954)
CD4 0.00167 0.761 (0.641-0.903)
CD69 0.00825 0.847 (0.749-0.959)
CD72 0.00307 0.785 (0.669-0.922)
CDs8s6 0.00557 0.775 (0.647-0.929)
CD8A 0.00701 0.847 (0.75-0.956)
CFP 0.00531 0.812 (0.7-0.941)
CLEC10A 0.0125 0.833 (0.722-0.962)
CLEC7A 0.0186 0.824 (0.701-0.968)
CPA3 0.0277 0.909 (0.834-0.99)
CSF3R 0.00333 0.78 (0.66-0.921)
CXCL9 0.0236 0.882 (0.791-0.984)
DGKA 0.0306 0.84 (0.717-0.984)
EGR2 0.0265 0.876 (0.78-0.985)
ETS1 0.0186 0.796 (0.658-0.962)
FAIM3 0.00588 0.795 (0.674-0.936)
FAM65B 0.00249 0.776 (0.658-0.915)
FCER1A 0.00468 0.843 (0.748-0.949)
FOSB 0.00395 0.862 (0.779-0.954)
FPR1 0.0185 0.855 (0.75-0.974)
FPR2 0.0312 0.836 (0.709-0.985)
FPR3 0.000664 0.73 (0.609-0.875)
GGT5 0.00833 0.848 (0.75-0.959)
GPC4 0.0436 0.913 (0.835-0.998)
GPR171 0.00653 0.845 (0.748-0.955)
GPR183 0.00552 0.821 (0.715-0.944)
GPR65 0.0052 0.764 (0.632-0.924)
GZMB 0.00709 0.811 (0.696-0.944)
HCK 0.0119 0.797 (0.667-0.952)
HLA-DOB 0.0109 0.857 (0.76-0.966)
HLA-DQA1 0.0395 0.868 (0.758-0.994)
IGSF6 0.0112 0.794 (0.665-0.949)
ILTRL1 0.0354 0.876 (0.774-0.991)
IL7R 0.00982 0.888 (0.812-0.973)
ITK 0.00304 0.819 (0.717-0.935)
KLRB1 0.00598 0.845 (0.749-0.953)
KLRK1 0.0271 0.853 (0.741-0.983)
LCK 0.0267 0.868 (0.766-0.984)
LILRB2 0.00207 0.735 (0.605-0.895)
LRMP 0.0118 0.748 (0.597-0.937)
LST1 0.0445 0.847 (0.72-0.996)
LTB 0.0195 0.877 (0.786-0.98)
MARCO 0.00931 0.894 (0.821-0.974)
MMP9 0.0418 0.915 (0.839-0.997)
MNDA 0.00592 0.813 (0.702-0.942)
MS4A1 0.00755 0.867 (0.781-0.963)
MS4A6A 0.00631 0.766 (0.632-0.928)
NR4A3 0.00877 0.846 (0.746-0.959)
P2RY13 0.0276 0.819 (0.686-0.978)
PVRIG 0.0055 0.694 (0.537-0.898)
RGST1 0.00527 0.865 (0.781-0.958)
RNASE6 0.00985 0.784 (0.652-0.943)
RRP12 0.00958 1.56 (1.12-2.17)
SAMSN1 0.0245 0.834 (0.712-0.977)
SH2D1A 0.00106 0.811 (0.715-0.92)
SIGLEC1 0.0173 0.803 (0.671-0.961)
SLAMF8 0.0409 0.864 (0.751-0.994)
TNFRSF17 0.0121 0.838 (0.729-0.963)
TPSABT 0.0198 0.911 (0.842-0.985)
TRAT1 0.0089 0.853 (0.757-0.96)

RFS, relapse-free survival; DEGs, differentially expressed genes.



