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Hepatocellular carcinoma (HCC) is one of the most common cancers all over the world. Several studies have
explored if immune-related genes and tumor immune microenvironment could play roles in HCC prognoses. This
study is aimed at developing a prognostic signature of HCC based on immune-related genes or tumor immune
microenvironment to predict survival and response to immune checkpoint inhibitors (ICIs). We constructed a
prognostic signature using bioinformatics method and validated its predictive capability. The mechanisms of
the signature prediction were explored with The Cancer Immunome Atlas (TCIA) and mutation analysis. We
also explored the association between the signature and immunophenoscore (IPS), which is the marker of ICIs
response. A 6 immune-related-gene (6-IRG) signature was developed. It was revealed in a multivariate analysis
that the 6-IRG signature was an independent prognostic factor of overall survival and progression-free interval
among HCC patients. In the high-risk group of 6-IRG signature score, macrophage MO cells and regulatory T cells,
which are observed associated with poor overall survival in our study, were higher. The low-risk group had a
higher IPS, which meant a better response to ICIs. Taken together, we constructed a reliable 6-IRG signature for

prediction of survival and response to ICIs. The signature needs further testing for clinical application.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common cancers
all over the world, which is affected by both of environment and diet
[1]. It’s believed that the development of HCC is a complex progression
with a number of other factors. Epidemiology and experimental stud-
ies reveal that the occurrence of HCC is associated with the infection of
HBV and HCYV, aflatoxin, alcohol and liver cirrhosis. Early diagnosis of
HCC is an important means to raise the survival rate of patients. With
the advances of technology and of the understanding of HCC biology,
new biomarkers have been constantly discovered. The application of
chemotherapy, radiotherapy and surgical resection improved the prog-
nosis of early HCC.

However, it is difficult to prevent metastasis and recurrence of HCC
[2], which is responsible for most HCC deaths. To take a precision
medicine approach in cancer immunotherapy, it is critical to identify
and develop predictive biomarkers of checkpoint inhibitor-based im-
munotherapy responsiveness. Tumor immune microenvironment is an
important variable relating to the progression of HCC. Additionally, sev-

eral immune prognostic signatures have been reported to predict the
prognosis of patients with cancer, such as hepatocellular carcinoma [3],
lung cancer [4], ovarian cancer [5] and colorectal cancer [6], These
studies indicate that IRGs or TIME can serve as promising biomarkers for
estimating survival in corresponding cancer. However, limited studies
have explored whether immune-related genes (IRGs) or TIME could be
indicators for the prognosis of HCC. An improved prognostic signature
of HCC based on IRGs or TIME is urgently needed to predict outcomes
and response to ICIL.

Our study was aimed at developing a new immune signature with
predictive capability on the basis of IRGs or tumor immune microenvi-
ronment. Following the development of the immune signature, its asso-
ciation to clinicopathological characteristics, and prognosis overall sur-
vival and progression-free interval in HCC was explored. Moreover, im-
mune cell infiltration, mutation data, and immunophenoscore linked to
this signature in HCC was thoroughly investigated. This may help to pro-
vide a more complete understanding of, and more precise immunother-
apy for, HCC.
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Fig. 1. Overall flowchart of this study.

Materials and methods
The flowchart of the whole study was presented in Fig. 1.
Patient data

We downloaded:

(1) 4 datasets (GSE45436 [7], GSE62232 [8], GSE84402 [9] and
GSE101685 (unpublished)) of HCC expression microarrays form
the Gene Expression Omnibus (GEO) database (https://www.ncbi.
nlm.nih.gov/gds/) [10];

(2) the clinical information and gene expression profiles of HCC
from The Cancer Genome Atlas (TCGA) data portal (https://portal.
gdc.cancer.gov/); and (3) the list of immune-related genes (IRGs) from
the Immunology Database and Analysis Portal (ImmPort) database
(https://immport.niaid.nih.gov) [11].

Differentially expressed genes analysis

In order to find the IRGs that involved in the development of HCC,
we used the limma package [12] to screen the common differentially
expressed genes (DEGs) between tumor samples and normal samples
from the 4 GEO datasets with adjusted P-value <0.05 and |log, (fold
change) |>1. Then we selected the intersection of DEG list and IRG list
as differentially expressed immune-related genes (DE-IRGs).

Functional enrichment analysis

We conducted gene ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analysis on the Database for Anno-
tation, Visualization and Integrated Discovery (DAVID) 6.8 [13] to ex-
plore the possible molecular mechanisms of the DE-IRGs. The terms of
GO and KEGG with a threshold that false discovery rate (FDR) < 0.05
were considered significantly enriched.

Calculation and validation of the immune related signature of HCC

The HCC patients from TCGA were divided into a training set (TRS)
and a testing set (TES). The TRS was used to calculate the prognostic
immune related signature and to construct a prognostic immune related
risk model of HCC, and the TES was used to valid the prognostic capa-
bility of this model [14]. We used a univariate Cox proportional hazard
regression analysis to identify the relationship between DE-IRGs and
overall survival in the TRS so that we could investigate the DE-IRGs re-
lated to prognosis for HCC patients. If P < 0.05, the corresponding DE-
IRGs were considered as prognostic ones. To minimize overfitting and to
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find the best gene model, prognosis-related DE-IRGs were evaluated by
the least absolute shrinkage and selection operator (LASSO) penalized
Cox proportional hazards regression using glmnet package [15]. This
method minimizes the residual sum of squares subject to the sum of the
absolute value of the coefficients being less than a constant, because of
which it tends to produce some coefficients that are exactly 0 and hence
gives interpretable models. There should be two significant lambdas in
the LASSO result, “min” one and “1se” one. The min lambda gives min-
imum cross-validated error while the 1se lambda is the largest value of
lambda such that error is within 1 standard error of the minimum. For
construction of a stable signature, genes with a coefficient > 0 under
1se lambda would be selected for further analysis. The risk score was
calculated with the following model for each patient in the TRS, TES
and total set: Risk score =exp (expression 1 * coefficient 1 + expression
2 * coefficient 2+ ... expression n * coefficient n) [16]. Then the pa-
tients were divided into high-risk and low-risk groups according to the
median cutoff of the risk score. The area under the curve (AUC) was cal-
culated both in high-risk and low-risk groups with survivalROC package
to validate the prognostic capability of the immune related risk signa-
ture [17]. We plotted the Kaplan-Meier survival curves of the high-risk
and low-risk groups using survival package [18], which demonstrated
the overall survival of the patients.

Estimate of tumor-infiltrating immune cells

We used the Cancer Genome Atlas gene expression RNA-sequencing
data to estimate the proportions of 22 types of infiltrating immune cells
on the Cancer Inmunome Database (TCIA, https://tcia.at/home), which
provided results of comprehensive immunogenomic analyses of next
generation sequencing data (NGS) data for 20 solid cancers from TCGA
and other datasources [19].

Mutation analysis

The mutation data of TCGA HCC patients, if available, were down-
loaded from the TCGA data portal. Mutation data, which were stored in
MAF form, were analyzed using maftools package [20]. And we calcu-
lated the tumor mutation burden (TMB) score of each HCC patient as
follows: (total mutation/total covered bases) x 10° [21].

Immunophenoscore analysis

The immunogenicity is determined by effector cells, immunosup-
pressive cells, MHC molecules, and immunomodulators adding up to
four major categories of genes [22], through which machine learning
can derived the Immunophenoscore of a patient without bias. We ob-
tained the Immunophenoscores of patients with HCC from TCIA.

The main code used in this section can be founded on:

https://github.com/Ebonleo/pub_1/blob/main/rscript_1.r.

The code is available upon the request.

Results
Patient characteristics

As previously described, we obtained:

(1) 285 microarrays of samples including 214 tumor ones and 71
normal ones;

(2) clinical information and gene expression profiles of 377 HCC pa-
tients;

and (3) a list of IRGs that contained 2498 genes.

In order to remove system error from different platforms, the plat-
form of the 4 datasets from GEO database is the same one (GPL570).
The patients from TCGA were randomly divided into the TRS (n=188)
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Fig. 2. Identification of differentially ex-
pressed immune-related genes. (a) Venn dia-
gram for the intersections of HCC differentially
expressed genes from GEO datasets. (b)Venn
diagram for the intersections of HCC differ-
entially expressed genes and immune-related

genes.
Table 1
Clinical variables in the total, training and testing sets.

Variables Group  Total set (n=377)  Training set (n=188)  Testing set (n=189) P value = Method

Survival time (days) 8214729 862+760 781+696 0.278 Wilcoxon rank sum test

Vital status Alive 245 123 122 0.859 Chi-squared test
Dead 132 65 67

Clinical stage 1 175 89 86 0.144 Chi-squared test
I 87 35 52
111 86 45 41
I\ 5 4 1
NA 24 15 9

T stage T1 185 98 87 0316 Chi-squared test
T2 95 39 56
T3 81 141 40
T4 13 8 5
X 3 2 1

N stage NO 257 132 125 0.688 Chi-squared test
N1 4 2 2
NX 115 54 61

M stage MO 272 136 136 0.581 Chi-squared test
M1 4 3 1
MX 101 49 52

Age (years) 59+14 60+13 59+14 0.678 t-test

Histological grade G1 55 29 26 0.577 Chi-squared test
G2 180 87 93
G3 124 63 61
G4 13 5 8
GX 5 4 1

and the TES (n=189). There were no significant differences («=0.05) of Table 2

clinical variables between the two sets (Table 1).

Identification of DE-IRGs

Referring to the threshold in part 2.2, a total of 476 DEGs were identi-
fied, consisting of 149 up-regulated ones and 327 down-regulated ones.
Then we extracted 50 DE-IRGs (Fig. 2). GO and KEGG enrichment anal-
ysis of the DE-IRGs were performed on DAVID. Top 6 enriched terms of
biological process (BP), cellular component (CC), and molecular func-
tion (MF) are shown in Fig. 3 (a). The most enriched terms for BP, CC,
and MF were immune response, extracellular region, and peptide hor-
mone binding. The 6 pathways enriched in were cytokine-cytokine re-
ceptor interaction, staphylococcus aureus infection, pathways in cancer,
neuroactive ligand-receptor interaction, complement and coagulation
cascades, chemokine signaling pathway (Fig. 3 (b)).

Construction of immune related risk signature

We performed a univariate Cox regression analysis to investigate
the prognostic value of the 50 DE-IRGs. 12 DE-IRGs were signifi-
cantly associated with the overall survival of HCC patients in the TRS
(Table 2). The 12 DE-IRGs underwent LASSO analysis to minimize over-
fitting, and 6 of the 12 DE IRGs were identified (Table 3). Then we

The univariate Cox regression analysis result with significance.

Gene Beta value  HR (95% CI for HR) ~ Wald test P value
BIRC5 0.22 1.3 (1.1-1.4) 10.0 0.001**
CCL14 -0.22 0.8 (0.70-0.93) 8.8 0.003**
FCN2 -0.10 0.9 (0.82-0.99) 4.3 0.038*
FYN -0.35 0.7 (0.53-0.92) 6.4 0.012*
GHR -0.24 0.79 (0.69-0.9) 12.0 <0.001***
IGF1 -0.15 0.86 (0.77-0.97) 6.6 0.010*
KLKB1 -0.16 0.85 (0.74-0.98) 5.1 0.024*
MASP1 -0.17 0.85 (0.75-0.96) 6.4 0.012*
MDK 0.14 1.10 (1.00-1.30) 45 0.034*
NR3C2 -0.34 0.71 (0.59-0.86) 13.0 <0.001***
TGFBR3  -0.20 0.82 (0.68-0.99) 4.4 0.035*
VIPR1 -0.17 0.85 (0.74-0.96) 6.6 0.010*

HR: hazard ratio.

used the 6 DE-IRGs to construct the immune signature (Table 4). The
model for prediction was defined as a linear combination of the expres-
sion levels of the 6 DE-IRGs weighted by their relative coefficient in
the multivariate Cox regression as follows: exp (0.07482 * BIRC5) + (-
0.18477 * FYN) +(-0.03359 * IGF1) + (-0.09906 * MASP1) + (-0.21387
* NR3C2) + (-0.04448 * TGFBR3). One (BIRC5) of the 6 DE-IRGs were
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Fig. 3. Functional enrichment analyses of differentially expressed immune-related genes. (a) Gene ontology analysis. (b) The top six most significant Kyoto Ency-

clopedia of Genes and Genomes pathways.

Table 3
Genes with a coefficient >0 under
“lse” lambda.

Gene Coefficient
BIRC5 0.07893
FYN -0.09003
IGF1 -0.10624
MASP1 -0.08650
NR3C2 -0.02509
TGFBR3 -0.00082

Table 4
Coefficients and multivariable Cox model results of each gene in 6-IRG risk sig-
nature.

Gene symbol  Log FC  Regulation  Coefficient =~ HR Z score P value
BIRC5 1.416 Up 0.07482 1.08 0.798 0.425
FYN -1.440 Down -0.18477 0.83 -1.190 0.234
IGF1 -2.304 Down -0.03359 097 -0499 0.618
MASP1 -1.237  Down -0.09906 091 -1.242 0.214
NR3C2 -1.692  Down -0.21387 081 -1.877 0.061
TGFBR3 -1.250 Down -0.04448 096 -0.415 0.678

HR: hazard ratio; FC: fold change.

linked to high risk and five (FYN, IGF1, MASP1, NR3C2, TGFBR3) were
protective ones.

We calculated the risk scores for each patient in the TRS based on the
above model. Then the patients were divided into high-risk (n=94) and
low-risk (n=94) groups according to part 2.4. There was a significant
difference between the two risk groups (P<0.001) (Fig. 4 (a)). High-
risk patients had a poorer overall survival than those in the low-risk
group. The AUC of the 6-IRG risk signature was 0.71 at 5-year survival
(Fig. 4 (d)). The risk scores of the patients in the TRS were ranked,
and we analyzed their distribution in Fig. 4 (g). The heatmap revealed
expression comparison of 6 DE-IRGs between two risk groups (Fig. 5).

Evaluating the predictive capability of the 6-IRG risk signature

In order to valid the stability of the 6-IRG signature, we further veri-
fied its predictive capability in the TES and the total set. The risk scores
of each patient were calculated, according to which the patients were
divided into high-risk and low-risk groups in the two sets. There were
94 patients from the TES in the high-risk group and 94 in the low-risk
group. Similarly, Kaplan-Meier survival curve showed significant differ-
ence between the two risk groups (P =0.026), and the overall survival
of the high-risk patients was lower than that of the low-risk ones. In
the TES, the AUC was 0.655, and the distribution of the risk score, sur-
vival status, and expression heatmap of 6 DE-IRGs were presented in
Fig. 4 and Fig. 5.

The results in the total set were similar to the previous two sets
(Fig. 4). There were 188 patients from the total set were in the high-
risk group and 189 in the low-risk group. According to the Kaplan-
Meier survival curves, it was significantly different in the two risk groups
(P<0.001). In the total set, the AUC was 0.675, and the distribution of
risk score, survival status, and expression heatmap of 6 DE-IRGs for CC
patients in the total set were showed in Fig. 5.

Relationship between the 6-IRG risk signature and the prognosis

A univariate Cox regression was performed to analyze the relation-
ship between overall survival, progression-free interval, clinicopatho-
logical factors, and 6-IRG risk signature in the total set (Table 5). This
signature was able to act as an independent prognosis variable of HCC
in the total set referring to the multivariate analysis (P <0.001, Table 6).
So was it in progression-free interval prediction (P=0.0179, Table 5).

Association between the 6-IRG risk signature and clinicopathological factors

We analyzed the association between the immune signature and clin-
icopathological variables. Significant differences were observed in tu-
mor burden, T stage, grade and clinical stage. However, the 6-IRG risk
score is not significant in M stage, and N stage (Fig. 6).
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Fig. 4. Identification of the 6-IRG signature in the 3 sets. (a) Kaplan-Meier curve analysis of overall survival of HCC patients in TRS. (b) Kaplan-Meier curve analysis
of overall survival of HCC patients in TES. (c) Kaplan-Meier curve analysis of overall survival of HCC patients in the total set. (d)Time-dependent ROC curves analysis
of TRS. (e)Time-dependent ROC curves analysis of TES. (f)Time-dependent ROC curves analysis of the total set. (g)Risk score distribution in TRS. (h)Risk score

distribution in TES. (i)Risk score distribution in the total set.

Tumor immune microenvironment changing associated with the 6-IRG risk

signature

Immune cells play the main roles of tumor immune microenviron-
ment. Thus, we tried to find out which classes of immune cells were

Table 5

Univariate analysis with Cox proportional hazard model.

Overall survival

Progression-free interval

Covariates HR (95% CI for HR) P value HR (95% CI for HR) P value
Age 1.02 (0.90-1.23) 0.045* 1.00 (0.93-1.20) 0.352
Histological grade

G1/2 1.00 1.00

G3/4 1.13 (1.03-1.23) 0.526 1.16 (1.10-1.19) 0.335
Clinical stage

Stage I/1I 1 1.00

Stage 1II/IV 2.44 (2.31-2.64) 0.526 2.29 (2.22-2.38) <0.001***
N stage (NO vs. N1) 2.29 (2.09-2.39) 0.250 1.45 (1.37-1.54) 0.603

M stage (MO vs. M1) 3.39 (3.26-3.54) 0.089 5.14 (0.91-5.20) 0.006

T stage

T1/2 1 1

T3/4 2.53 (2.44-2.62) <0.001***  2.28 (2.18-2.38) <0.001***
Risk score (high vs. low)  0.53 (0.44-0.63) 0.001** 0.67 (0.62-0.73) 0.010*

HR: hazard ratio.

linked to the 6-IRG risk signature. TCIA could assess the relative pro-
portion of the 22-type immune cells according to the RNA-sequencing
data. Table 6 presented the immune cell type abundance between the
6-IRG signature low-risk group and the high-risk group from the total
set. Immune cell type abundance between high risk and low risk group
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Table 6

Multivariate analysis with Cox proportional hazard model.

Overall survival

Progression-free interval

Covariates HR P value HR P value
Age 1.02 (0.90-1.10) 0.059 1.00 (0.93-1.10)  0.304
Histological grade

G1/2 1.00 1.00

G3/4 1.12 (1.02-1.29) 0.474 1.16 (10.9-1.26)  0.516
Clinical stage

Stage I/Il 1.00 1.00

Stage III/IV 0.18 (0.10-0.26) 0.249 1.24 (1.16-1.35)  0.854
N stage (NO vs. N1) 6.39 (6.32-6.45) 0.087 0.81 (0.73-0.91)  0.853
M stage (MO vs. M1) 1.58 (1.50-1.69) 0.539 2.92 (2.83-2.99) 0.089
T stage

T1/2 1.00 1.00

T3/4 15.06 (14.96-15.19)  0.068 1.24 (1.17-1.30)  0.854
Risk score (high vs. low)  0.46 <0.001*** 0.70 (0.59-.079)  0.036*

HR: hazard ratio.

of the 6-IRG signature from the total set are displayed in Table 7. Among
the 22 immune cell types, CD8 T cells, macrophage MO, memory B cells,
regulatory T cells, and T follicular helper cells were positively correlated
with the risk score, while gamma delta T cells, macrophage M1, naive
B cells, resting mast cells, and resting memory CD4 T cells were nega-
tively associated with the risk score (Fig. 7). Moreover, after grouped
according to the median of the fraction, the relative proportion of ac-
tivated mast cells, macrophage MO, neutrophil, and regulatory T cells
were significantly correlated with overall survival (Fig. 8).

The immune related risk signature and mutation profile

We assessed the association between mutation profile and the sig-
nature of the HCC patients. The top 10 mutated genes in the high-
risk group were TP53, CTNNB1, RYR2, ARID1A, LRP1B, RB1, CSMD3,
USH2A, XIRP2, ABCA13. And those in the low-risk group were CTNNB1,
TP53, APOB, ABCA13, ALB, PCLO, BIRC6, CSMD1, DNAH6 and FAT2.
And the TMB in the high-risk group was higher than that in the low-risk
group in spite of no significance. Moreover, there was no significant rela-



Y. Xu, Z. Wang and F. Li Translational Oncology 14 (2021) 100957

a 4 p = 0.00032 . b 4 p& 0.047 c pe= 0.21
* . . 31 :
o ° H
o . ] o (] ° o 2]
3 . 3 ) S
@ 27 H » 21 %)
-t - -
[4 [4 r 11
ke ke ke
2 3 3
(V] [V V]
3 & @ 0
01 01
_1 B
TUMOR FREE  WITH TUMOR T1/2 T3/4 MO M1
d pe= 0.25 e p = 1.4e-07 . f pé& 0.013
3 i 34 . * 3 :
i i . (]
o o . o °
g 21 g 2 g 24
%] n n
X X X
[} 2 2
X 1 o 1 o 14
© © b o
3 3 3
© (] ©
O O O
5] 01 n 04 w 0
1] -14 -1
NO N1 G112 G3/4 Stage /1l Stage IV

Fig. 6. The relationships between the signature and (a) tumor burden; (b) T stage; (c) M stage; (d) N stage; (e) grade; and (f) clinical stage.

Table 7
Immune cell type abundance between the 6-IRG signature high-risk group and low-risk
group in the total set.

Abundance

Immune cell type High risk Low risk P value
Activated dendritic cells 0.020 0.022 0.463
Activated mast cells 0.009 0.010 0.179
Activated memory CD4 T cells 0.008 0.006 0.356
Activated Natural killer cells 0.001 0.002 0.192
CD8 T cells 0.039 0.025 0.001**
Eosinophil 0.000 0.000 0.571
Gamma delta T cells 0.111 0.124 0.040*"
Macrophage MO 0.088 0.048 <0.001***
Macrophage M1 0.067 0.080 0.003**
Macrophage M2 0.170 0.186 0.110
Memory B cells 0.025 0.016 0.001**
Monocyte 0.011 0.015 0.101
Naive B cells 0.019 0.021 0.006**
Naive CD4 T cells 0.001 0.007 0.051
Neutrophil 0.023 0.020 0.280
Plasma cells 0.046 0.042 0.403
Regulatory T cells 0.038 0.018 <0.001***
Resting Dendritic cells 0.031 0.030 0.763
Resting mast cells 0.044 0.059 0.005**
Resting memory CD4 T cells 0.124 0.157 0.002**
Resting Natural killer cells 0.059 0.058 0.884
T follicular helper cells 0.064 0.055 0.005**

The data are presented as mean. Method: Wilcoxon rank sum test.
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Fig. 7. The association of immune cells infiltration and the signature in HCC. Warm-colored boxplots represent the 6-IRG signature high-risk group. Cold-colored

boxplots represent the 6-IRG signature low-risk group

tionship between TMB and overall survival. Neither was there between
TMB and progression-free interval (Fig. 9).

The immune related risk signature and response to ICI

Recent studies have reported the roles that immunophenoscore
played in the prediction of the response to ICI of melanoma patients.
This is on the basis of the high pre-existing immunogenic potential.
The relationship between IPS and the 6-IRG risk signature was inves-
tigated in our study (Fig. 10). We used the IPS, IPS-PD1/PD-L1/PD-L2,
IPS-CTLA4, and IPS-PD1/PD-L1/PD-L2 + CTLA4 to assess the potential
of ICI application for HCC. The IPS and IPS-PD1/PD-L1/PD-L2 were sig-
nificantly higher in the low-risk group (P<0.05). Meanwhile, the expres-
sion of PD-L1 and PD-L2 was significantly higher in the low-risk group.
The results suggested that 6-IRG signature low-risk patients had a better
opportunity for ICI application.

Discussion

There has been evidence that ICI has potential in the treatment of
HCC. However, only a small proportion of the patients benefit from it.
So, it’s important to identify the biomarkers for ICI. One-biomarker-one-
disease style has gradually been abandoned, which is unable to meet the
requirements of precision medicine. On the contrary, accurate predic-
tion calls for several indicators, genomics and transcriptomics included.
In addition, an immune-related model, according to the roles that tu-
mor immune environment play in cancers, contributes to identification
of the patients who can benefit from immunotherapy.

The prognostic value of this signature

We used the data from GEO database and TCGA to construct and
to validate the IRG risk signature, which consisted of six prognosis DE-
IRGs. One (BIRC5) of the six genes was related to high risk, while five
(FYN, IGF1, MASP1, NR3C2 and TGFBR3) were protective factors. Com-
pared to the normal samples, 149 genes were up-regulated in the tumor
samples, and 327 were down-regulated.

It’s reported that all of the 6 genes play important roles in develop-
ment and prediction in cancers. As a direct target, NR3C2 is involved
in proliferation and metastasis of HCC under the regulation of miR-766.
In our study, NR3C2 was down-regulated in the HCC tumor samples
compared to the normal samples [23].Migration inhibitory factor up-
regulated miR-301b that targeted NR3C2, reduced expression levels of
which correlated with poorer survival in multiple independent cohorts
of pancreatic cancer patients, and suppressed its expression mechanis-
tically [24].Fyn is a member of the Src family kinases (SFKs) which is
involved in signal transduction pathways in the nervous system, and the
development and activation of T cells under normal physiological con-
ditions [25]. Fyn controls the cell growth, death, morphogenic transfor-
mation and cellular motility resulting in the development and progres-
sion of several cancer types. Enhanced expression and/or activation of
Fyn is observed in various cancers, including breast cancers, glioblas-
toma, melanoma, prostate, and squamous cell carcinoma. The impor-
tance of Fyn in the resistance or susceptibility of cancer cells to some
anti-cancer treatments have been demonstrated in recent studies. Fyn,
which plays a key role in the resistance mechanism, is up-regulated in
tamoxifen-resistant breast cancer cell lines. There is prognostic signif-
icance of IGF-1 signaling pathway in patients with advanced NSCLC.
It’s found that reduction of IGF-1/IGF-BP3 ratio was statistically sig-
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Fig. 8. The association of immune cells
infiltration and overall survival in TCGA
HCC dataset. (a) activated mast cells; (b)
macrophage MO; (c¢) neutrophil, activated; (d)
regulatory T cells.
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nificant only among patients with NSCLC who responded to first-line
treatment. IGF-1/IGFBP3 has opportunities to become a predictive tool
for response to chemotherapy in NSCLC if validated in larger cohorts.
Moreover, studies provide support that paracrine IGF1/IGF1R signaling
promotes colorectal cancer progression [26, 27].Regulation of TFGBR3
contributes to the development of pancreatic ductal adenocarcinoma
and metastasis of clear-cell renal cell carcinoma [28].The expression of
MASP-1 is down-regulated in the tumor samples compared to normal
samples from GEO datasets. It’s reported that MASP-1 serum levels are
associated with worse prognostic in cervical cancer progression [29].A
meta-analysis reveals that several polymorphisms of BIRC5, a member
of apoptosis inhibition gene family, might cause the different risk of
urinary cancer [30].

Thus, the genes may reflect the changes of tumor immune envi-
ronment in high-risk HCC patients, contributing to the progression of
HCC and poor survival. Due to the obvious difference in the survival
curves, the signature revealed outstanding predictive power. Further-
more, the signature was significantly associated with the prognosis of
the patients, including overall survival and progression-free interval.
When linked with clinicopathologic factors, the signature always played
an independent prognostic role in the multivariate Cox regression. The
results proved that the signature is a reliable predictive tool. The re-
lationships between the signature and several pathological factors was
validated, such as tumor grade and stage. Moreover, we estimated the
relative proportions of 22-type immune cells each HCC sample.

The abundance of macrophage MO and regulatory T cells were
high in the high-risk group, which was associated with better survival.
The relationship between the HCC prognosis and the infiltration of
macrophage MO and regulatory T cells is constructed.

5 75 10

Time (Years)

This seemed an explanation for the predictive power of the signa-
ture. In order to explore more probable mechanisms of the signature,
we performed mutation an analysis. There were differences in the mu-
tation profiles between the two groups. The TMB was higher in the
low-risk group, though without significance, which overturned our as-
sumption that the TMB should been higher in the high-risk group. Even,
the TMB showed no significant relationship with overall survival and
progression-free interval, different from previous studies [31, 32].

Prediction of ICI response

We explored the association between the IPS and the signature.
The IPS, IPS-PD1/PD-L1/PD-L2, IPS-CTLA4, and IPS-PD1/PD-L1/PD-
L2 + CTLA4 markedly increased in the 6-IRG signature low-risk group.
And the expression of PD-L1 and PD-L2 was significantly higher in the
low-risk group. It’s suggested that the signature may represent the im-
munogenic tumor microenvironment of HCC. All above results support
that the signature can predict which patients will benefit from ICI. Ad-
ditionally, there were studies reporting that PD-L1 expression and TMB
might play the similar roles [33-37], though the results were negative
in several other studies [38-40]. In this study, significant differences of
TMB were not observed between the risk groups. Therefore, we haven’t
fully understood the relevance of the signature and ICI response.

We established a firm immune related risk signature which can es-
timate the tumor immune environment and predict the survival and re-
sponse to ICI of HCC patient. As is known to us, this is the first study
of immune-related predictive model based on RNA-seq, which estimated
the relative proportion of 22-type immune cells of HCC data from TCGA.
This model was also used for exploration of the association among TMB,
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Fig. 9. The mutation profile and TMB among high-risk and low-risk groups. (a) Mutation profile of high-risk groups; (b) Mutation profile of low-risk groups; (c)
The relationship between the immune related risk signature and TMB; (d) The association of TMB and overall survival and progression-free interval in TCGA HCC
dataset.
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abundance of the immune cells, and prognosis. The signature was able
to predict the survival and progression of HCC. In spite of the inspiring
results, there remains problems. First above all, the signature was es-
tablished on limited data from retrospective studies. Secondly, the pro-
portion of several races was small, which made it unsure the signature
would function accurately on all patients of different races. More data
of patients of different races is necessary in further research.
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