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Abstract

Background
The function of exosome includes cell-to-cell communication, neovascularization, and metastasis of
cancer cell and drug resistance, which plays an important part in the occurrence and progression of
hepatocellular carcinoma (HCC). Because the mechanism in this area is less studied, our goal is to
identify exosome-related genes in HCC, establish a reliable prognostic model for liver cancer patients, and
explore its underlying mechanisms.

Methods
The exoRbase database and The Cancer Genome Atlas (TCGA) database were used to analyze
differentially expressed genes (DEGs). Cox regression and LASSO analysis were applied to determine
DEGs closely related to overall survival (OS). Then the exosome-related prognostic model was
constructed in TCGA and validated in the database of International Cancer Genome Consortium (ICGC).
Nomogram graph was performed to predict the survival. CIBERSORT was used to estimate the score of
different type of immune cells. DEGs related to immunotherapy are used to predict the effect of
immunotherapy.

Results
48 exosome-related DEGs were obtained and �ve genes (XPO1, IFI30, FBXO16, CALM1, MORC3) among
them were selected to construct predictive model. Then we divided the HCC patients into low-risk and
high-risk groups by the best cut-off value according to the X-tile software. The high-risk related to
exosome were signi�cantly associated with a poor prognosis. Moreover, the features related to exosome
could positively regulate immune response. At the same time, the proportion of T cell regulatory factors
(Tregs) and macrophages M2 is higher in the high-risk group, and high-risk group exhibited higher
expression of immune checkpoint molecular including PD-L1, PD-L2, TIGIT, and IDO1.

Conclusions
Overall, our research showed that markers related to exosomes were potential biomarkers for the
prognosis of HCC, providing an immunological perspective for the development of precision treatment.

1. Introduction
Hepatocellular carcinoma (HCC) ranks the fourth leading cause of cancer death all over the world,
accounting for 85percent to 90 percent of primary liver cancer. It is estimated that there are approximately
841,000 new cases of HCC each year [1–2]. Despite new breakthroughs in target therapy, immunity
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therapy, interventional therapy, operational techniques and liver transplantation, the prognosis of HCC is
still poor due to the high metastasis rate and high recurrence rate. [3–6] Traditional models use
clinicopathological parameters such as stage and other parameters to forecast the prognosis of HCC.
However, due to the heterogeneity, it is meaningful to study the underlying molecular and identify novel
markers for diagnosis and prognosis.

Exosomes are tiny extracellular vesicles with a lipid bilayer membrane structure. They were �rst
discovered by Johnstone in 1989 when he studied reticulocytes. Exosomes can transport biologically
active molecules between cells through various biological molecules and various biological molecules in
the cell, which can regulate the microenvironment between cells and the immune system. [3, 7–8]Exosomes
derived from tumor tissue contain numerous cancer-related biomarkers, such as miRNA, which can be
used to detect early-stage HCC. Although some breakthroughs have been made in the �eld of exosome,
the speci�c biological functions of exosome have not yet been fully elucidated. [9–12] Therefore, we are
supposed to comprehensively study the exosome-related genes in HCC which may help to predict the
outcome of HCC and �nd potential new drug candidates for speci�c targeted therapies.

2. Methods

2.1 Data collection
The exosome-related genes of liver were downloaded from the exoRbase (http://
exorbase.org/database/). The expression of mRNA and corresponding clinical data were obtained from
TCGA website. For the validation dataset, the data of genes expression were obtained from the LIRI-JP of
ICGC database.

2.2 Identi�cation of DEGs between HCC and non-cancer
tissues and GO enrichment
DEGs related to exosome and liver cancer are identi�ed with limma (a type of R package). The DEGs with
adjusted P < 0.05 and log2 FC > 1 were further analyzed. In order to study the potential biological effects
of exosome-related genes, GO enrichment analysis was carried out, namely cell composition (CC),
molecular function (MF) and biological process (BP) re�ecting the functional annotation of key genes.

2.3 Competing endogenous network construction
Follow the steps below to construct the HCC ceRNA network (1) Use the miRcode database
(http://mircode.org/) to scienti�cally search for the interaction between lncRNA and miRNA and perform
matching miRNA interactions; (2) The database of TargetScan (http://targetscan.org/) was used to
predict miRNA targeted mRNA. (3) ENCORI database (http://starbase.sysu.edu.cn/) predicted the
relationship between CircRNA-miRNA. (4) Only the mRNA that exists in these three databases and
overlaps with the mRNA can construct a ceRNA network. Use Cytoscape 3.7.2 to obtain the result graph.

2.4 Development and validation of a prognostic model
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First of all, we performed a univariate Cox regression analysis and determine that the p value is less than
0.05 is meaningful to the DEGs associated with OS. Subsequently, the glmnet, a package of R software,
was used to narrow the genetic screening range, and then the LASSO regression was carried out. [13] We
ful�lled 1,000 repetitions on the dataset and chose markers with a repetition greater than 500. Next, we
performed a multivariate Cox regression analysis to evaluate the strongly correlated genes, and then
developed a prognostic model. From the multivariate Cox regression, we can get the regression coe�cient
(β). The formula is as follows PI (prognostic index) = (βmRNA1* the expression value of mRNA1) +
(βmRNA2* the expression value of mRNA2) +…+ (βmRNAn* the expression value of mRNAn). The
software of X-tile was employed to a�rm the optimal cut-off value, and we divided patients into high-risk
and low-risk groups according to the best cut-off value. The predictive power of the prognostic model was
checked by Kaplan–Meier survival analysis, and the model was validated in ICGC database later.

2.5 Identi�cation of Independent Prognostic Parameters for
HCC
The independent factors affecting clinical prognosis were obtained by Univariate and multivariate Cox
proportional hazards regression analysis. A two-sided P value < 0.05 was recognized as statistically
meaningful, and then calculated the hazard ratio (HR) and con�dence interval (CI) of ninety-�ve percent.

2.6 Establishment and evaluation of forecast nomogram
Independent prognostic factors obtained from Cox analysis were used to construct a nomogram so that
we can predict the 1-, 2-, and 3-year survival rates of HCC patients. We used calibration chart for internal
veri�cation of the nomogram, and time-varying ROC curve to assess the predictive ability. [14–15]

2.7 Estimation of the immune cell types score
CIBERSORT is a new way to characterize cell composition by genes expression pro�ling, which is a
frequently used method for evaluating and analyzing the in�ltration of immune cell. [16] The difference of
the ratio of immune-cell types between low-risk and high-risk populations was forecasted by CIBERSORT.
The Gene�lter package of R software was used to screen each sample, and determine that the p value is
less than 0.05 as meaningful.

2.8 Evaluation of immunotherapy effect
Immunotherapy is a very promising treatment method, and the therapeutic effect is related to molecules
such as PD-L1, PD-L2, IDO1 and TIGIT. Analyze the difference of expression of these molecules between
the groups of low-risk and high-risk.

3. Results

3.1 Competing endogenous network construction and GO
enrichment analysis
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From the genes downloaded from the exoRbase database, we �nd the difference genes of mRNA, lncRNA,
circRNA between the tumor and non-tumor tissues respectively. And then explored the relationships
among mRNA, lncRNA, microRNA, circRNA, pairs of lncRNA and miRNA, miRNA and mRNA and circRNA
and miRNA were used to develop ceRNA network by cytoscape. Totally, 398 pairs of lncRNAs-miRNAs,
681 pairs of miRNAs-mRNAs and 200 pairs of circRNAs-miRNAs were con�rmed. Finally, 10 DElncRNAs,
72 DEmiRNAs, 48 DEmRNAs and 15DEcircRNAs were involved to construct ceRNA network.(Fig. 1A) To
better understand the biological consequences of the exosome-related genes, we carried out GO
enrichment analysis. The Go enrichment result illustrated that the exosome- related genes were
signi�cantly enriched in BP and MF, which were related to protein localization to nucleus and
phosphatase regulator activity (Fig. 1B). All these signaling pathways are reported to take signi�cant
roles in the development of cancer. The results may indicate that abnormal expression of exosome-
related genes might in�uence the pathway activation and mitosis and further lead to HCC.

3.2 Construction an exosome-related genes prognostic
model in TCGA
Intersect the mRNAs found in ceRNA network with TCGA genes, we got 48 DEGs. Then, we carried out a
univariate Cox regression and 18 DEGs were found to be signi�cantly correlated with OS in HCC patients
(P < 0.01). And a lasso analysis was carried out to narrow down the gene range. We have selected 6
DEGs, which appeared more than 500 times of 1000 cycles totally. At last, a multivariate Cox regression
was carried out, and �ve genes (XPO1, IFI30, FBXO16, CALM1, MORC3) were chosen to establish the
prognostic model as shown below: PI = (0.469 * expression value of XPO1) + (0.141* expression value of
IFI30) + (0.218* expression value of FBXO16) + (0.146* expression value of CALM1) + (-0.343 *
expression value of MORC3). The best cut-off value of 2.06 for the risk score was got by the software of
X-tile. Then HCC patients were divided into low-risk and high-risk groups according to the best cut-off
value. The overall survival of the high-risk group was signi�cantly poorer than that of low-risk group
according to the Kaplan–Meier curve (P < 0.001, HR = 3.51) (Fig. 2A). The area under the time-dependent
ROC curves (AUCs) for 1-, 2‐ and 3‐year overall survival (OS) were 0.74, 0.71, 0.7 and 0.68 respectively,
indicating a good predictive performance of this prognostic model (Fig. 2C).

3.3 External validation of exosome-related genes
prognostic model in ICGC
Samples from ICGC were further used to validate the predictive power of this prognostic mode. Same way
as above, patients were divided into low- and high-risk groups with the same cut-off value of 2.06 and the
survival rate of HCC patients in low-risk group was higher than that in the high-risk group (P = 0.009, HR = 
2.65) (Fig. 2B). And the AUCs of the �ve-gene prognostic model were 0.63, 0. 58 and 0.63 for the 1-, 2- and
3‐year survival times (Fig. 2D), which showed that this model is reliable.

3.4 Establishment a predictive nomogram
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Univariate Cox regression analysis illustrated that T.N.M. stage and risk-score were both meaningful
factors (Fig. 3A). Multivariate Cox regression analysis showed T.N.M. stage and risk-score were both
independent prognostic factors (Fig. 3B).So, the nomogram was built by including T.N.M. stage and the
risk score (Fig. 3C). Assign a score to the independent factors of each level, and calculate the total score
by summing the scores of each person. By transforming the relationship of the total score, the survival
rate of 1-, 2- and 3-years can be obtained. The calibration map was used for internal veri�cation of this
nomogram, which showed that there was a better conformity between the predicted results and the
realistic observation results (Fig. 3D-F).

3.5 Computation of immune cell type fractions
A new tool called CIBERSORT is used to directly analyze the types and expression of immune cells in the
tissue, combined with the Leukocyte signature matrix (LM22). And we assessed the differences of
twenty-two types of immune cells between the two groups of HCC patients. And 2 immune cells (T cells
regulatory, P = 0.043, Macrophages M2, P = 0.048) were different between the two groups (Fig. 4A). From
our result, we may conclude that the poor prognosis relates to the high content of Tregs and M2. As
shown in Fig. 4B, the twenty-two immune cell proportions between high-risk and low-risk groups were
different, and the relationship among immune cells showed in Fig. 4C.

3.6 Evaluation of the immunotherapy effect
Blockade of immune checkpoints has been found to be a promising treatment method of many cancers.
Subsequently, we studied the different expression of key immune checkpoint molecular including PD-L1,
PD-L2, TIGIT and IDO1. As shown in Figs. 5A-5D, high-risk HCC patients seemed to express higher
immune checkpoint molecules than low-risk patients (p < 0.05). From our research, we may conclude that
the poor prognosis is related to the high expression of exosomes-related genes.

4. Discussion
Hepatocellular carcinoma is a deadly malignant tumor and has been a considerable public health
problem in many countries for many years. Although the evidence-based treatment of HCC has made
great progress, its survival rate has not improved satisfaction.[17] More and more evidences show that the
malignant phenotype is affected by the cancer-related microenvironment. Hence, it is of great importance
to discover immune bio-markers to forecast the prognosis of HCC patients, which may be helpful in
immunotherapy.[18–20]

In our study, we built an exosome-related gene prognostic model to forecast the prognosis of HCC patient
based on TCGA database, and validated the prediction ability in external database successfully. We
con�rmed that the prognostic model can divide HCC patients into low-risk and high-risk subtypes, and
showed that the oncology outcome of low-risk subtypes is better than that of high-risk groups. Then a
nomogram was built to predict the survival rate of 1-, 2- and 3-years. And from the calibration plot, we can
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�nd the red curve is very close to the real curve which means a better predictive value. So, we further
analyzed the difference of in�ltrating immune cells and immune-related genes expression between low-
and high-risk groups. In our study, high-risk patients seem to be more likely to show higher immune
checkpoint molecules and have a poor prognosis.

So far, a lot of work has focused on the function of exosome in intercellular communication of HCC. It
has been widely accepted that HCC cells communicate with normal cells and promote the development
and metastasis of HCC through exosome. Some of them regulate the signal transduction pathway
among cells, while others can be used as medicine due to the protective effect of the outer membrane.
[21–22] However, there are still few studies on the role of exosome in immunotherapy. Our article has done
some exploratory research in this area and obtained some results, hoping to help future research.

Although our research had done a lot of work, there are still some limitations. First of all, our retrospective
studies need to be further veri�ed in prospective studies, especially RCTs. Second, after the process of
lasso analysis some important factors that contribute to the prognosis of HCC may be ignored. In
addition, the expression and prognostic effects of these �ve genes at the protein level need further
research. And need to perform functional experiments to clarify its potential mechanism. Finally, the
speci�c mechanism between tumor cells and immune cells needs to be further studied to clarify.
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Figure 1

Construction of CeRNA network, GO enrichment analysis of exosome -related genes. (A) Construct CeRNA
network from exoRbase database. (B) GO enrichment analysis of exosome-related genes.
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Figure 2

Establishment of a prognostic model of exosome-related genes in TCGA database. Evaluation of the
performance of exosome-related prognostic model in ICGC dataset (A) The Kaplan–Meier survival curves
of the �ve prognostic genes in the testing dataset. (B) The Kaplan–Meier survival curves of the �ve
prognostic genes in the validation dataset. (C) 1-year, 2-year, and 3-year predicted time-dependent ROC of
the �ve predicted genes in the testing dataset. (D) 1-year, 2-year, and 3-year predicted time-dependent ROC
of the �ve predicted genes in the validation dataset.
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Figure 3

Construction of a predictive nomogram. (A) Forrest plot of the univariate Cox regression analysis in HCC.
(B) Forrest plot of the multivariate Cox regression analysis in HCC. (C) Building the nomogram predicting
overall survival for HCC patients in the TCGA cohort. The nomogram plot was built based on two
independent prognostic factors in HCC..
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Figure 4

Relationship of the exosome-related prognostic signature and immune cell infiltration heterogeneity. (A)
The difference of immune cell in�ltration between low- and high-risk groups in HCC patients. (B) Heatmap
displayed the relative infiltration of immune cell populations for tumor samples with available RNA-
sequencing data from TCGA dataset. (C) Heatmap showing the correlation between immune cells
population.
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Figure 5

Differences in expression of immunomodulatory molecules between low- and high-risk groups.
Relationships between the low- and high-risk groups and difference in expression of PD-L1(A), PD-L2(B),
TIGIT(C) and IDO1(D).
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