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Abstract: Objectives: Accumulating evidence suggests that long non-coding RNA (lncRNA) may affect hepatocel-
lular carcinoma (HCC) progression. However, the mechanism remains unclear. Previous studies have shown that 
exosomes may promote tumor progression by transporting proteins. Our study aimed to determine the prognostic 
value of lncRNAs in HCC and the underlying mechanism. Methods: A dataset comprising a HCC cohort of 364 pa-
tients from The Cancer Genome Atlas (TCGA) was analyzed to identify lncRNAs with prognostic value. Co-expression 
and competing endogenous RNA (ceRNA) networks were constructed to investigate the mechanism of exosome-
related lncRNAs. To confirm the bioinformatics analysis results, 95 pairs of clinical samples were evaluated by 
digoxigenin-labeled chromogenic in situ hybridization (CISH). Results: Five lncRNAs (CTD-2116N20.1, AC012074.2, 
RP11-538D16.2, LINC00501 and RP11-136I14.5) with significant differences were identified (P<0.001). A prog-
nostic nomogram was constructed with a C-index of 0.701. The co-expression and ceRNA networks showed possible 
mechanisms for CTD-2116N20.1 and RP11-538D16.2. The CISH results confirmed that CTD-2116N20.1 and RP11-
538D16.2 were correlated with a poor prognosis for HCC patients. Conclusion: Our findings provide an independent 
and effective prognostic model to predict the survival rate of HCC patients. RP11-538D16.2 and CTD-2116N20.1 
are highlighted as important exosome-related lncRNAs.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most prevalent cancers and a frequent cause 
of cancer-related death worldwide [1]. Although 
many molecular mechanisms of HCC and tar-
geted therapies have been studied in recent 
years [2-4], no effective systemic chemothera-
py exists [5]. Tumor recurrence and metastasis, 
which usually arise within 2 years after resec-
tion, result in a poor prognosis [6]. The underly-
ing molecular mechanisms that mediate recur-
rence and metastasis remain largely unclear. 
The construction of an appropriate survival pre-
diction model will help improve the overall prog-
nosis of HCC patients.

Long non-coding RNAs (lncRNAs) are important 
regulators that affect chromatin reprogram-
ming, cis-regulation at enhancers, and the post- 

transcriptional regulation of mRNA processing 
[7, 8]. However, the role of lncRNAs in HCC 
metastasis is unclear. Exosomes, which are tiny 
membrane-bound vesicles that carry small  
molecules such as protein and RNA, can be 
released by cancer cells and normal cells 
[9-12]. Accumulating evidence suggests that 
exosomes may play important roles in tumor 
metastasis and recurrence [13, 14]. Addition- 
ally, the modulatory function of exosomes is 
mediated through the horizontal transfer of 
RNA and protein [15]. Therefore, we hypothe-
sized that lncRNAs affect tumor progression 
through exosomes.

In this study, datasets in The Cancer Genome 
Atlas (TCGA) and ExoCarta were analyzed. A 
survival prediction nomogram was established 
with a C-index of 0.701. A functional analysis 
and Kaplan-Meier (KM) curves indicated that 
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CTD-2116N20.1 and RP11-538D16.2 are  
functionally important lncRNAs. We construct-
ed a competing endogenous RNA (ceRNA) net-
work to demonstrate the potential molecular 
mechanism. Digoxigenin (DIG)-labeled chromo-
genic in situ hybridization (CISH) of 95 pairs  
of clinical samples confirmed that CTD-
2116N20.1 and RP11-538D16.2 are correlat-
ed with a poor prognosis for HCC patients.

Materials and methods

LncRNA expression profiles and HCC patient 
clinical information

The lncRNA expression data and corresponding 
HCC patient clinical information used in this 
study were obtained from TCGA, a public data-
base. Individuals with repeat IDs or a survival 
time equal to 0 were excluded. Three hundred 
sixty-four HCC patients were included in this 
study. LncRNA expression levels and corre-
sponding clinical data for 50 samples of normal 
liver tissue were included as the control group. 
All TCGA lncRNA expression data and clinical 
information for both HCC patients and normal 
individuals were downloaded from the Genomic 
Data Commons Data Portal (https://portal.gdc.
cancer.gov/).

Identification of prognostic lncRNAs associ-
ated with OS in patients with HCC

Differentially expressed lncRNAs in HCC pati- 
ents were identified using edge R/R (version 
3.34). We excluded lncRNAs with an expre- 
ssion value of 0 in more than 30% of samples. 
Variation in lncRNA expression levels between 
HCC tissues and normal liver tissues was  
evaluated as the FC (fold change). The utilized 
edgeR package is based on negative binomial 
distributions, empirical Bayes estimation, exact 
tests, generalized linear models (GLMs) and 
quasi-likelihood tests [16, 17]. LncRNAs with a 
logFC ≥1.0 or logFC ≤-1.0 and P<0.05 were 
selected as statistically significant hits. Univa- 
riate Cox proportional regression analysis was 
used to identify prognostic lncRNAs by evaluat-
ing the associations between lncRNA expres-
sion levels and overall survival (OS) at P<0.001.

Construction of the lncRNA-based risk score 
and OS prediction nomogram

Multivariate Cox proportional regression analy-
sis was conducted to establish a risk score 

model with the identified lncRNAs. The lncRNA-
based risk score model was defined as the  
linear combination of the expression values of 
the prognostic lncRNAs and the multivariable 
Cox regression coefficients as the weight. 
According to the median risk score derived 
from the TCGA dataset, patients with HCC in 
this study were classified into a high-risk group 
and a low-risk group. Univariate regression was 
used to identify clinical risk factors, and multi-
variate Cox regression was conducted to devel-
op an OS prediction model. The RMS/R (version 
3.34) package was used to establish the OS 
prediction nomogram. 

Functional enrichment analysis

The Pearson correlation coefficient was utilized 
to evaluate the co-expression relationships 
between lncRNAs and mRNAs. mRNAs with R 
square values >0.4 were selected as potential 
targets of regulation. Gene ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes 
(KEGG) analyses were used to annotate biologi-
cal functions and molecular processes for 
lncRNA target genes. DAVID, a bioinformatics 
tool (http://david.abcc.ncifcrf.gov/, version 6.8) 
and recognized bioinformatics resource [18], 
was used to analyze the biological functions of 
the identified lncRNAs. The GO terms and KEGG 
pathways with P values corrected for a false 
discovery rate (FDR) <0.05 were considered 
significantly enriched functional annotations.

Co-expression network with proteins in exo-
somes

Data on protein expression levels in exosomes 
were obtained from ExoCarta (http://exocarta.
org/), a public database. We used the Pearson 
correlation coefficient to evaluate the relation-
ship between prognostic lncRNAs and mRNAs 
encoding exosomal proteins. A co-expression 
network was constructed with Cytoscape (ver-
sion 3.5.1) software, an open source platform 
that can help visualize complex networks and 
integrate these networks with any type of attrib-
uted data. All data on the expression levels of 
exosomal proteins were downloaded from 
ExoCarta (http://exocarta.org/download/).

Construction of ceRNA network

CTD-2116N20.1 and RP11-538D16.2 were dis-
tinguished from other identified lncRNAs for 
their significant differences at the expression 
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Figure 1. According to the median risk score, 364 patients with HCC were classified into the high-risk (n=182) and low-risk (n=182) groups. A. Shows the distribution 
of overall survival times and risk scores for the HCC patients. The heat map shows the differential expression of the identified lncRNAs between the high-risk and 
low-risk groups. B. Shows the KM curve of the risk score, and C-G show the individual KM curves of the five identified lncRNAs.
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Table 1. Clinical Characteristics of the TCGA HCC Cohort

Clinical factors group
Survival risk

Total 
(n=364) P valueLow risk 

(n=182)
High risk 
(n=182)

Sex
    Female (F) 67 52 119 0.1185
    Male (M) 116 129 245
Age, mean, SD (months) 60.5 58.81 0.2388
History
    Viral infection (HBV + HCV) 77 74 151 0.8194
    Alcohol consumption 35 41 76
    Hemochromatosis 3 2 5
    Non-alcoholic fatty liver 7 5 12
Tumor pathologic stage
    Stage I-II 131 122 253 0.1066
    Stage III-IV 36 51 87
Tumor size
    T1-T2 140 130 270 0.1149
    T3-T4 38 53 91
Tumor metastasis
    M0 123 138 261 0.6095
    M1 2 1 3
Tumor nodes
    N0 116 131 247 1
    N1 2 2 4
Child-Pugh classification
    A 112 103 215 0.05078
    B 16 5 21
    C 1 0 1
Grade
    G1 37 18 55 0.000002679
    G2 99 75 174
    G3 37 81 118
    G4 4 8 12
Race
    American Indian or Alaskan 1 0 1 0.01645
    Asian 63 91 154
    Black or African American 11 6 17
    White 100 81 174
AFP at procurement, mean 4019.664 22502.338 0.211
DFS, months, SD 21.42 18.9 0.2701
OS, months, SD 29.2 24.2 0.04051
Abbreviation: AFP, alpha-fetoprotein; DFS, disease-free survival; OS, overall survival.

level and in the KM curves. To identify  
the microRNAs (miRNAs) targeted by CTD-
2116N20.1 and RP11-538D16.2, we searched 
the miRcode database (http://www.mircode.
org), which contains putative miRNA target 
sites in the long non-coding transcriptome [19]. 

the corresponding probe, and the specimens 
were incubated at 37°C overnight. The washed 
specimens were incubated at room tempera-
ture in blocking serum containing BSA for 30 
min and then incubated at 37°C for 40 min with 
anti-DIG/AP antibody (Jackson). The color was 

MiRNAs targeted by ln- 
cRNAs and mRNAs are 
listed. Cytoscape soft-
ware (version 3.5.1) was 
used to construct the 
ceRNA network.

Digoxigenin-labeled 
chromogenic in situ hy-
bridization

To validate CTD-2116- 
N20.1 and RP11-538D- 
16.2 expression in HCC, 
DIG-labeled CISH was 
performed on 95 pairs 
of tumor and para-carci-
noma tissues. Probes 
were designed as follo- 
ws with DIG tags at the 
5’ and 3’ ends: CTD-211- 
6N20.1, 5’-ATGGGCAGA- 
ATAGAGTTGACAGGA-3’; 
and RP11-538D16.2, 5’- 
CAAGGGTCTGCCCGCCT- 
GTCTG-3’. The samples 
were fixed using 4% par- 
aformaldehyde (DEPC, 
Servicebio) for 2-12 h. 
Paraffin sections were 
prepared to perform the 
hybridizations. Then, the 
sections were placed  
in boiling water for 15 
min and cooled at room 
temperature. The speci-
mens were incubated at 
37°C for 30 min in 20 
µg/ml Proteinase K (Ser- 
vicebio) and then rinsed 
three times in PBS (Ser- 
vicebio). Prehybridization 
was conducted at 37°C 
for 1 h in hybridization 
buffer (Servicebio). Th- 
en, the prehybridization 
buffer was replaced with 
fresh hybridization buf-
fer containing 8 ng/ml of 
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developed using BCIP/NBT (Boster). The speci-
mens were stained with nuclear fast red 
(Servicebio) to visualize nuclei. The stained 
specimens were mounted in Neutral Balsam 
(Sinopharm Chemical Reagent Co., Ltd) and 
examined by bright field microscopy.

Results

Identification of prognostic lncRNA biomarkers 
associated with the OS of HCC patients

The lncRNA expression data and corresponding 
clinical information for 373 patients with HCC 
and 50 normal liver tissue specimens were 
downloaded from the TCGA. Individuals with 
repeat IDs or a survival time equal to 0 were 
eliminated, and 364 patients with HCC were 
included in our study. Three hundred sixty- 
two up-regulated lncRNAs and 69 down-regu-
lated lncRNAs were filtered with logFC ≥1.0  
or logFC ≤-1.0. Univariate Cox proportional 
regression analysis was conducted with OS as 
the dependent variable and P<0.001. Five 
prognostic lncRNAs, namely, CTD-2116N20.1, 
AC012074.2, RP11-538D16.2, LINC00501 
and RP11-136I14.5, were identified separately. 
KM analysis was performed for each lncRNA, 
and the KM curves are shown in Figure 1C-G.

Construction of the lncRNA-based risk score

To develop an OS prediction model, these five 
lncRNAs were fitted into a multivariate Cox  
proportional regression with OS as the depen-
dent variable to evaluate the relative contri- 
bution of each lncRNA to the prediction of  
OS. Then, a lncRNA-based risk score was  
developed by integrating the expression data 
for these five lncRNAs with corresponding  
coefficients derived from the above multivari-
ate regression analysis as follows: Risk score 
=(0.0542×CTD-2116N20.1 expression value) + 
(0.0223×AC012074.2 expression value) + 
(-0.0004×RP11-538D16.2 expression value) + 
(0.0136×LINC00501 expression value) + 
(-0.035×RP11-136I14.5 expression value). The 
risk score was calculated for all 364 patients 
with HCC in this study with the lncRNA-based 
risk score model. According to the median risk 
score, all 364 patients with HCC were classified 
into the high-risk (n=182) or low-risk group 
(n=182) (Figure 1A). The clinical characteristics 
of the patients with HCC in the high-risk and 
low-risk groups are summarized in Table 1. KM 
analysis was performed to evaluate the differ-

ence in OS between the high-risk and low-risk 
groups (P=0.0042; Figure 1B).

Establishment of OS prediction nomogram 

Univariate regression analysis was performed 
with OS as the dependent variable to identify 
clinical risk factors. Pathologic stage and path- 
ologic T stage were validated as clinical param-
eters with P<0.05. Multivariable Cox regression 
combining pathologic stage, pathologic T stage 
and lncRNA-based risk score was conducted, 
and an OS prediction nomogram was estab-
lished to predict the 1-year, 3-year and 5-year 
OS of patients with HCC (Figure 2A). To improve 
the accuracy of our model, the clinical variables 
of age, grade and tumor status were included 
based on the results of other studies and clini-
cal experience [20, 21]. The predictive ability of 
the OS nomogram was analyzed, and calibra-
tion curves were generated (Figure 2B-D). The 
C-index of our nomogram was 0.701, which 
suggested good predictive ability. Additionally, 
ROC curves of the risk score, pathologic stage 
and pathologic T stage were constructed 
(Figure 2E, 2F). The AUCs for the lncRNA-based 
risk score for the 1-year, 3-year and 5-year OS 
prediction models were 0.63, 0.58 and 0.65, 
respectively.

GO term and KEGG pathway analysis of the 
five lncRNAs

To determine the biological implications of the 
five selected lncRNAs, KEGG pathway and GO 
term analyses were performed; the list of 
enriched target genes from these analyses is 
presented in Figure 3. The KEGG pathway anal-
ysis results showed that these five lncRNAs 
were associated with cell cycle, DNA replica-
tion, miRNAs in cancer and the p53 signaling 
pathway. The GO term enrichment indicated 
that the selected five lncRNAs were associated 
with cell cycle processes such as protein bind-
ing, DNA replication, mitosis, cell proliferation 
and cell division. Prognostic lncRNAs may 
affect the prognosis of patients with HCC by 
inducing tumor cell proliferation. To further 
explore the correlations between the selected 
lncRNAs and gene expression, a co-expression 
network was constructed.

Co-expression network involving prognostic ln-
cRNAs and exosomal protein expression levels

The Pearson correlation coefficient was used to 
evaluate the relationship between prognostic 
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lncRNAs and mRNAs encoding exosomal pro-
teins. A co-expression network was established 
(Figure 4). CTD-2116N20.1 qualified as the 
most important lncRNA and regulated the fol-
lowing proteins: CCNB1, CDCA3, CDCA8, 
CDKN3, E2F2, HAUS5, LMNB2, MCM4, MYBL2, 
PLK1, RAD54L, RRM2, TUBA1B and WHSC1. 
RP11-538D16.2 was associated with the pro-
tein expression levels of GLUL and MYO16. 
LINC00501 may regulate the exosome-related 

protein PRDM13, and AC012074.2 was related 
to the protein UNC199B.

ceRNA network linking exosome-related ln-
cRNAs, miRNAs and exosomal proteins

Based on significant differences at the ex- 
pression level and in the KM analysis, CTD-
2116N20.1 and RP11-538D16.2 were select-
ed as critical exosome-related lncRNAs. To 

Figure 2. A. Shows the OS prediction nomogram of the HCC patients. The risk factors include tumor stage ≥III, T 
stage ≥T3, grade 4 disease, older age, higher risk score and with-tumor status. B-D. Show the individual consistency 
curves for 1-year, 3-year and 5-year survival. The C-index of our nomogram is 0.701, suggesting good predictive 
ability. E-G. Show the individual ROC curves of the risk score, pathologic stage and pathologic T stage for the 1-year, 
3-year and 5-year survival prediction models. The AUCs of the lncRNA-based risk score for the 1-year, 3-year and 
5-year OS prediction models are 0.63, 0.58 and 0.65, respectively.
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explore the mechanism by which exosome-
related lncRNAs regulate proteins in exosomes, 
a ceRNA network was constructed using miR-
code (Figure 5). MiRNAs targeted by lncRNAs 
and mRNAs are listed in Tables S1 and S2. The 
ceRNA network results suggest that CTD-
2116N20.1 may regulate 14 proteins in exo-
somes by destabilizing miR-141/200a, miR-

148ab-3p/152 and miR-18ab/4735-3p. In 
addition, RP11-538D16.2 can modulate GLUL 
and MYO16 by destabilizing miR-7/7ab, miR-
9/9ab, miR-96/507/1271, miR-18ab/4735- 
3p, miR-135ab/135a-5p, miR-137/137ab,  
miR-181abcd/4262, miR-205/205ab, miR-
182, miR-150/5127, miR-17/17-5p/20ab/20b-
5p/93/106ab/427/518a-3p/519d, miR-193/ 

Figure 3. GO term and KEGG pathway analyses were conducted, and the results are provided in this figure. The five 
selected lncRNAs are associated with cell cycle processes, such as protein binding, DNA replication, mitosis, cell 
proliferation and cell division.
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Figure 4. A co-expression network of the prognostic lncRNAs and the expression levels of proteins in exosomes was established. Purple rhombuses represent the 
identified lncRNAs. Green ovals represent the proteins targeted by the GO term and KEGG pathway analyses. Exosomal proteins confirmed by both functional enrich-
ment analysis and ExoCarta are indicated in blue triangles.
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193b/193a-3p and miR-219-5p/508/508-3p/ 
4782-3p.

Digoxigenin-labeled chromogenic in situ hy-
bridization

To determine whether CTD-2116N20.1 and 
RP11-538D16.2 are differentially expressed in 
tumor and para-carcinoma tissues, we per-
formed CISH on 95 pairs of clinical samples. 
Clinical characteristics are summarized in Table 
S3. These two lncRNAs were significantly over-
expressed in tumor tissues. CTD-2116N20.1 
was overexpressed in 48 tumor tissues and 13 
para-carcinoma tissues (Figure 6A). RP11-
538D16.2 was overexpressed in 58 tumor tis-
sues and 20 para-carcinoma tissues (Figure 
6B). KM analysis was performed to evaluate 

the differences in the disease-free survival 
(DFS) and OS of patients in the high-expression 
and low-expression groups (Figure 6C-F). 
Patients with overexpression of either CTD-
2116N20.1 or RP11-538D16.2 had a shorter 
OS and DFS (P<0.05).

Discussion

In this study, lncRNA expression data and cor-
responding clinical information for a HCC cohort 
were analyzed. Five lncRNAs (CTD-2116N20.1, 
AC012074.2, RP11-538D16.2, LINC00501 
and RP11-136I14.5) were identified as prog-
nostic factors whose expression levels were 
associated with OS. These lncRNAs were anno-
tated with GENCODE (http://www.gencode-
genes.org/) and NONCODE (http://www.non-

Figure 5. A ceRNA network was constructed using matching data from miRcode. Yellow ovals represent underlying 
exosome-related lncRNAs. Pink ovals represent miRNAs targeted by lncRNAs and mRNAs. The CTD-2116N20.1 
pathways are connected by purple lines, and the RP11-538D16.2 pathways are connected by red lines.
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Figure 6. CISH was performed on 95 pairs of clinical samples. A. Shows that CTD-2116N20.1 was overexpressed in 
48 tumor tissues and 13 para-carcinoma tissues. B. Shows that RP11-538D16.2 was overexpressed in 58 tumor 
tissues and 20 para-carcinoma tissues. C and D. Indicate that overexpression of RP11-538D16.2 is related to worse 
DFS and OS. E and F. Indicate that overexpression of CTD-2116N20.1 is related to worse DFS and OS.
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code.org/). Then, a lncRNA-based risk score 
was constructed. The KM curve suggested a 
significant difference in OS between the high-
risk and low-risk groups. An OS prediction 
nomogram was developed by combination with 
the clinical dataset. The AUCs of the lncRNA-
based risk scores for the 1-year, 3-year and 
5-year OS prediction models were 0.63, 0.58 
and 0.65, respectively.

Functional enrichment analysis suggested that 
these lncRNAs may regulate cell cycle process-
es, including protein binding, DNA replication, 
mitosis, cell proliferation and cell division. To 
explore the correlation between these lncRNAs 
and exosomes, a co-expression network was 
constructed using the dataset in ExoCarta. 
CTD-2116N20.1 qualified as the most critical 
lncRNA and was suggested to regulate the  
following proteins: CCNB1, CDCA3, CDCA8, 
CDKN3, E2F2, HAUS5, LMNB2, MCM4, MYBL2, 
PLK1, RAD54L, RRM2, TUBA1B and WHSC1.  
To further explore the biological implications, 
we analyzed these proteins and found that  
all of them were related to cell proliferation  
and tumor metastasis. Previous studies have 
reported that these proteins promote tumor 
cell proliferation and induce chemotherapeutic 
drug resistance in HCC patients [22-31]. RP11-
538D16.2 is another critical lncRNA that may 
regulate MYO16 and GLUL. MYO16 affects cell 
cycle by regulating subcellular motor function 
and decreasing protein phosphatase catalytic 
activity [32]. GLUL is involved in mediating 
oncogenesis in various kinds of cancer [33, 
34].

Notably, ceRNAs, which are transcripts that can 
regulate each other at the post-transcription 
level by competing for shared miRNAs, link the 
functions of protein-coding mRNAs and non-
coding RNAs in tumors [35]. Previous studies 
have shown that lncRNAs are generally suscep-
tible to regulation by ceRNA interactions [36, 
37]. Therefore, the important lncRNAs identi-
fied herein may regulate protein coding in exo-
somes through ceRNA interactions. To explore 
the mechanism by which lncRNAs regulate exo-
some protein coding, a ceRNA network was 
constructed. Based on significant differences 
in both the expression level and KM analysis, 
CTD-2116N20.1 and RP11-538D16.2 were 
selected as critical exosome-related lncRNAs. 
The results of the ceRNA network analysis are 

summarized in Figure 5. MiR-141/200a and 
miR-148ab-3p/152 are reportedly related to 
cell invasion in different kinds of cancer [38, 
39]. Moreover, miR-182 promotes HCC cell pro-
liferation and invasion [40]. Furthermore, miR-
7/7ab regulates cell proliferation [41], and miR-
181abcd/4262 interacts with genes in cancer-
related signaling pathways [42]. We performed 
CISH on 95 pairs of clinical samples, and the 
results confirmed the overexpression of CTD-
2116N20.1 and RP11-538D16.2 in tumors. 
Clinical analysis suggested that these lncRNAs 
are correlated with a poor prognosis for HCC 
patients. CTD-2116N20.1 and RP11-538D16.2 
are critical lncRNAs that affect HCC progres-
sion by regulating exosomal proteins.

Due to a lack of sufficient data, DFS was not 
analyzed as a dependent variable. Because  
of the limited size of the dataset and large dif-
ferences in the expression levels of the prog-
nostic lncRNAs, the grade score in the nomo-
gram was inconsistent with the clinical logic. 
However, the OS prediction nomogram had 
good predictive ability, with a C-index of 0.701. 
KM analysis of the CISH results combined with 
the clinical data showed that patients overex-
pressing RP11-538D16.2 had a worse progno-
sis, which was contrary to our bioinformatics 
analysis results. This discrepancy was probably 
due to the TCGA database, wherein differences 
in lncRNA expression levels were compared 
between tumor tissues and normal liver tis-
sues. Differences between individuals may 
affect the results of the KM analysis. 

In summary, five prognostic lncRNAs associat-
ed with significant differences in OS were iden-
tified. Biological implications were analyzed 
using KEGG and GO pathway analyses. The 
enrichment results indicated that these lnc- 
RNAs correlate with cell cycle. A co-expression 
network of the prognostic lncRNAs and exo-
somal protein expression levels was generated. 
Finally, CTD-2116N20.1 and RP11-538D16.2 
were distinguished from other lncRNAs. Accor- 
ding to the bioinformatics analysis and our 
CISH results, both CTD-2116N20.1 and RP11-
538D16.2 lead to a poor prognosis in patients 
with HCC by regulating the expression levels of 
proteins in exosomes. A ceRNA network was 
constructed to describe the possible mecha-
nisms through which CTD-2116N20.1 and 
RP11-538D16.2 regulate exosomal proteins.
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Table S1. MiRNAs Targeted by Underlying lncRNAs
lncRNA miRNAs targeted by lncRNAs
CTD-2116N20.1 miR-141/200a, miR-148ab-3p/152, miR-18ab/4735-3p
RP11-538D16.2 miR-7/7ab, miR-9/9ab, miR-96/507/1271, miR-135ab/135a-5p, miR-137/137ab, 

miR138/138ab, miR143/1721/4770, miR-146ac/146b-5p, miR-150/5127, miR-17/17-
5p/20ab/20b-5p/93/106ab/427/518a-3p/519d, miR-181abcd/4262, miR-182, miR-
18ab/4735-3p, miR-193/193b/193a-3p, miR-205/205ab, miR-219-5p/508/508-3p/4782-
3p, miR-233

Table S2. MiRNAs Targeted by Co-Expressed Proteins in Exosomes
mRNA miRNAs targeted by mRNAs
CCNB1 miR-551a, miR-130ac/301ab/301b/301b-3p/454/721/4295/3666, miR-7/7ab, miR-133abc, miR-135ab/135a-5p, miR-139-5p, 

miR-140/140-5p/876-3p/1244, miR-144, miR-145, miR-148ab-3p/152, miR-17/17-5p/20ab/20b-5p/93/106ab/427/518a-
3p/519d, miR-181abcd/4262, miR-183, miR-199ab-5p, miR-19ab, miR-208ab/208ab-3p, miR-214/761/3619-5p, miR-217, 
miR-218/218a, miR-223, miR-23abc/23b-3p, miR-24/24ab/24-3p, miR-101/101ab, miR-103a/107/107ab, miR-124/124ab/506, 
miR-338/338-3p, miR-34ac/34bc-5p/449abc/449c-5p, miR-425/425-5p/489, miR-499-5p

CDCA3 miR-93/93a/105/106a/291a-3p/294/295/302abcde/372/373/428/519a/520be/520acd-3p/1378/1420ac, 
miR-135ab/135a-5p, miR-138/138ab, miR-142-3p, miR-143/1721/4770, miR-145, miR-17/17-5p/20ab/20b-
5p/93/106ab/427/518a-3p/519d, miR-18ab/4735-3p, miR-199ab-5p, miR-208ab/208ab-3p, miR-210, miR-217, miR-22/22-3p, 
miR-223, miR-24/24ab/24-3p, miR-124/124ab/506, miR-33ab/33-5p, miR-125a-5p/125b-5p/351/670/4319, miR-10abc/10a-
5p, miR-490-3p, miR-499-3p

CDCA8 miR-132/212/212-3p, miR-133abc, miR-9/9ab, miR-96/507/1271, miR-96/507/1271, miR-93/93a/105/106a/291a-3p/294/2
95/302abcde/372/373/428/519a/520be/520acd-3p/1378/1420ac,
miR-139-5p, miR-141/200a, miR-143/1721/4770, miR-146ac/146b-5p, miR-182, let-7/98/4458/4500, miR-192/215, 
miR-193/193b/193a-3p, miR-194, miR-1ab/206/613, miR-200bc/429/548a, miR-204/204b/211, miR-21/590-5p, miR-
214/761/3619-5p, miR-216a, miR-30abcdef/30abe-5p/384-5p, miR-125a-5p/125b-5p/351/670/4319, miR-455-5p, miR-
128/128ab, miR-490-3p

CDKN3 miR-15abc/16/16abc/195/322/424/497/1907, miR-181abcd/4262, miR-196abc, miR-208ab/208ab-3p, miR-216b/216b-5p, 
miR-219-5p/508/508-3p/4782-3p, miR-25/32/92abc/363/363-3p/367, miR-26ab/1297/4465, miR-26ab/1297/4465, miR-
27abc/27a-3p, miR-101/101ab, miR-124/124ab/506, miR-338/338-3p, miR-129-5p/129ab-5p, miR-490-3p, miR-499-5p

E2F2 miR-503, miR-130ac/301ab/301b/301b-3p/454/721/4295/3666, miR-93/93a/105/106a/291a-3p/294/295/302abcde/
372/373/428/519a/520be/520acd-3p/1378/1420ac, miR-96/507/1271, miR-99ab/100, miR-138/138ab, miR-141/200a, 
miR-145, miR-146ac/146b-5p, miR-148ab-3p/152, miR-150/5127, miR-155, miR-17/17-5p/20ab/20b-5p/93/106ab/427/518a-
3p/519d, miR-181abcd/4262, miR-182, miR-183, let-7/98/4458/4500, miR-196abc, miR-19ab, miR-204/204b/211, 
miR-205/205ab, miR-208ab/208ab-3p, miR-214/761/3619-5p, miR-216a, miR-216b/216b-5p, miR-218/218a, miR-22/22-
3p, miR-221/222/222ab/1928, miR-223, miR-23abc/23b-3p, miR-26ab/1297/4465, miR-31, miR-103a/107/107ab, miR-
124/124ab/506, miR-338/338-3p, miR-33a-3p/365/365-3p, miR-34ac/34bc-5p/449abc/449c-5p, miR-383, miR-125a-
5p/125b-5p/351/670/4319, miR-455-5p, miR-128/128ab, miR-129-5p/129ab-5p, miR-490-3p, miR-499-5p

HAUS5 miR-503, miR-130ac/301ab/301b/301b-3p/454/721/4295/3666, miR-7/7ab, miR-93/93a/105/106a/291a-3p/294/295/3
02abcde/372/373/428/519a/520be/520acd-3p/1378/1420ac, miR-135ab/135a-5p, miR-138/138ab, miR-143/1721/4770, 
miR-148ab-3p/152, miR-181abcd/4262, miR-184, miR-203, miR-204/204b/211, miR-205/205ab, miR-208ab/208ab-3p, 
miR-214/761/3619-5p, miR-216a, miR-216b/216b-5p, miR-22/22-3p, miR-24/24ab/24-3p, miR-26ab/1297/4465, miR-
103a/107/107ab, miR-103a/107/107ab, miR-34ac/34bc-5p/449abc/449c-5p, miR-375, miR-425/425-5p/489, miR-129-
5p/129ab-5p, miR-490-3p, miR-499-5p

LMNB2 miR-503, miR-7/7ab, miR-133abc, miR-9/9ab, miR-143/1721/4770, miR-145, miR-15abc/16/16abc/195/322/424/497/1907, 
miR-192/215, miR-193/193b/193a-3p, miR-205/205ab, miR-208ab/208ab-3p, miR-216b/216b-5p, miR-217, miR-218/218a, 
miR-122/122a/1352, miR-23abc/23b-3p, miR-24/24ab/24-3p, miR-30abcdef/30abe-5p/384-5p, miR-338/338-3p, miR-
34ac/34bc-5p/449abc/449c-5p, miR-125a-5p/125b-5p/351/670/4319, miR-499-5p

MCM4 miR-132/212/212-3p, miR-7/7ab, miR-93/93a/105/106a/291a-3p/294/295/302abcde/372/373/428/519a/520be
/520acd-3p/1378/1420ac, miR-96/507/1271, miR-135ab/135a-5p, miR-137/137ab, miR-138/138ab, miR-140/140-
5p/876-3p/1244, miR-142-3p, miR-143/1721/4770, miR-145, miR-146ac/146b-5p, miR-150/5127, miR-15abc/16/16a
bc/195/322/424/497/1907, miR-17/17-5p/20ab/20b-5p/93/106ab/427/518a-3p/519d, miR-181abcd/4262, miR-182, 
miR-183, miR-190/190ab, miR-191, miR-192/215, miR-193/193b/193a-3p, miR-194, miR-196abc, miR-199ab-5p, miR-
1ab/206/613, miR-203, miR-204/204b/211, miR-214/761/3619-5p, miR-216a, miR-216b/216b-5p, miR-217, miR-218/218a, 
miR-219-5p/508/508-3p/4782-3p, miR-22/22-3p, miR-223, miR-122/122a/1352, miR-23abc/23b-3p, miR-24/24ab/24-3p, 
miR-25/32/92abc/363/363-3p/367, miR-27abc/27a-3p, miR-29abcd, miR-103a/107/107ab, miR-338/338-3p, miR-33a-
3p/365/365-3p, miR-425/425-5p/489, miR-125a-5p/125b-5p/351/670/4319, miR-455-5p, miR-128/128ab, miR-129-
5p/129ab-5p, miR-490-3p

MYBL2 miR-130ac/301ab/301b/301b-3p/454/721/4295/3666, miR-133abc, miR-9/9ab, miR-138/138ab, miR-143/1721/4770, 
miR-145, miR-148ab-3p/152, miR-15abc/16/16abc/195/322/424/497/1907, miR-182, miR-192/215, miR-193/193b/193a-
3p, miR-199ab-5p, miR-205/205ab, miR-214/761/3619-5p, miR-22/22-3p, miR-122/122a/1352, miR-23abc/23b-3p, 
miR-24/24ab/24-3p, miR-26ab/1297/4465, miR-27abc/27a-3p, miR-29abcd, miR-30abcdef/30abe-5p/384-5p, miR-
103a/107/107ab, miR-338/338-3p, miR-34ac/34bc-5p/449abc/449c-5p, miR-375
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PLK1 miR-503, miR-7/7ab, miR-9/9ab, miR-93/93a/105/106a/291a-3p/294/295/302abcde/372/373/428/519a/520be/520acd-
3p/1378/1420ac, miR-96/507/1271, miR-138/138ab, miR-141/200a, miR-145, miR-148ab-3p/152, miR-150/5127, miR-15ab
c/16/16abc/195/322/424/497/1907, miR-181abcd/4262, miR-182, miR-183, let-7/98/4458/4500, miR-193/193b/193a-3p, 
miR-196abc, miR-1ab/206/613, miR-200bc/429/548a, miR-204/204b/211, miR-205/205ab, miR-214/761/3619-5p, miR-217, 
miR-218/218a, miR-22/22-3p, miR-122/122a/1352, miR-23abc/23b-3p, miR-24/24ab/24-3p, miR-101/101ab, miR-29abcd, 
miR-31, miR-103a/107/107ab, miR-124/124ab/506, miR-338/338-3p, miR-34ac/34bc-5p/449abc/449c-5p, miR-375, miR-383, 
miR-455-5p, miR-129-5p/129ab-5p, miR-490-3p

RAD54L miR-503, miR-551a, miR-130ac/301ab/301b/301b-3p/454/721/4295/3666, miR-7/7ab, miR-133abc, miR-135ab/135a-5p, 
miR-138/138ab, miR-140/140-5p/876-3p/1244, miR-143/1721/4770, miR-145, miR-146ac/146b-5p, miR-148ab-3p/152, 
miR-150/5127, miR-15abc/16/16abc/195/322/424/497/1907, miR-182, let-7/98/4458/4500, miR-193/193b/193a-3p, 
miR-196abc, miR-1ab/206/613, miR-205/205ab, miR-214/761/3619-5p, miR-22/22-3p, miR-221/222/222ab/1928, miR-
122/122a/1352, miR-26ab/1297/4465, miR-27abc/27a-3p, miR-103a/107/107ab, miR-124/124ab/506, miR-338/338-3p, 
miR-34ac/34bc-5p/449abc/449c-5p, miR-383

RRM2 miR-503, miR-130ac/301ab/301b/301b-3p/454/721/4295/3666, miR-7/7ab, miR-9/9ab, miR-137/137ab, miR-138/138ab, 
miR-139-5p, miR-140/140-5p/876-3p/1244, miR-141/200a, miR-143/1721/4770, miR-144, miR-145, miR-150/5127, 
miR-17/17-5p/20ab/20b-5p/93/106ab/427/518a-3p/519d, let-7/98/4458/4500, miR-196abc, miR-199ab-5p, miR-
200bc/429/548a, miR-203, miR-204/204b/211, miR-208ab/208ab-3p, miR-214/761/3619-5p, miR-223, miR-23abc/23b-3p, 
miR-26ab/1297/4465, miR-27abc/27a-3p, miR-101/101ab, miR-30abcdef/30abe-5p/384-5p, miR-31, miR-103a/107/107ab, 
miR-338/338-3p, miR-125a-5p/125b-5p/351/670/4319, miR-451, miR-128/128ab, miR-499-5p

TUBA1B miR-551a, miR-7/7ab, miR-9/9ab, miR-137/137ab, miR-139-5p, miR-142-3p, miR-143/1721/4770, miR-146ac/146b-5p, miR-
153, miR-181abcd/4262, miR-182, miR-184, miR-205/205ab, miR-214/761/3619-5p, miR-216a, miR-221/222/222ab/1928, 
miR-223, miR-23abc/23b-3p, miR-24/24ab/24-3p, miR-103a/107/107ab, miR-124/124ab/506, miR-338/338-3p, miR-125a-
5p/125b-5p/351/670/4319, miR-128/128ab, miR-129-5p/129ab-5p, miR-490-3p

WHSC1 miR-503, miR-130ac/301ab/301b/301b-3p/454/721/4295/3666, miR-7/7ab, miR-133abc, miR-9/9ab, miR-
93/93a/105/106a/291a-3p/294/295/302abcde/372/373/428/519a/520be/520acd-3p/1378/1420ac, miR-96/507/1271, 
miR-135ab/135a-5p, miR-138/138ab, miR-139-5p, miR-140/140-5p/876-3p/1244, miR-141/200a, miR-142-3p, miR-
143/1721/4770, miR-144, miR-145, miR-146ac/146b-5p, miR-148ab-3p/152, miR-150/5127, miR-155, miR-15abc/16/16
abc/195/322/424/497/1907, miR-17/17-5p/20ab/20b-5p/93/106ab/427/518a-3p/519d, miR-181abcd/4262, miR-182, 
miR-18ab/4735-3p, miR-192/215, miR-193/193b/193a-3p, miR-196abc, miR-199ab-5p, miR-19ab, miR-1ab/206/613, miR-
200bc/429/548a, miR-203, miR-204/204b/211, miR-205/205ab, miR-208ab/208ab-3p, miR-21/590-5p, miR-210, miR-
214/761/3619-5p, miR-216a, miR-216b/216b-5p, miR-217, miR-218/218a, miR-219-5p/508/508-3p/4782-3p, miR-22/22-3p, 
miR-221/222/222ab/1928, miR-223, miR-122/122a/1352, miR-23abc/23b-3p, miR-24/24ab/24-3p, miR-26ab/1297/4465, 
miR-27abc/27a-3p, miR-27abc/27a-3p, miR-101/101ab, miR-29abcd, miR-30abcdef/30abe-5p/384-5p, miR-31, miR-
103a/107/107ab, miR-338/338-3p, miR-33a-3p/365/365-3p, miR-33ab/33-5p, miR-34ac/34bc-5p/449abc/449c-5p, miR-375, 
miR-383, miR-425/425-5p/489, miR-125a-5p/125b-5p/351/670/4319, miR-10abc/10a-5p, miR-455-5p, miR-128/128ab, miR-
129-5p/129ab-5p, miR-490-3p, miR-499-5p

GLUL miR-132/212/212-3p, miR-7/7ab, miR-9/9ab, miR-93/93a/105/106a/291a-3p/294/295/302abcde/372/373/428/519a/
520be/520acd-3p/1378/1420ac, miR-96/507/1271, miR-138/138ab, miR-140/140-5p/876-3p/1244, miR-141/200a, miR-
143/1721/4770, miR-145, miR-146ac/146b-5p, miR-150/5127, miR-155, miR-17/17-5p/20ab/20b-5p/93/106ab/427/518a-
3p/519d, miR-181abcd/4262, miR-182, miR-183, let-7/98/4458/4500, miR-18ab/4735-3p, miR-194, miR-196abc, miR-
199ab-5p, miR-1ab/206/613, miR-203, miR-204/204b/211, miR-205/205ab, miR-21/590-5p, miR-214/761/3619-5p, 
miR-216a, miR-217, miR-221/222/222ab/1928, miR-223, miR-122/122a/1352, miR-23abc/23b-3p, miR-24/24ab/24-3p, 
miR-25/32/92abc/363/363-3p/367, miR-26ab/1297/4465, miR-27abc/27a-3p, miR-29abcd, miR-30abcdef/30abe-5p/384-5p, 
miR-31, miR-338/338-3p, miR-34ac/34bc-5p/449abc/449c-5p, miR-375, miR-383, miR-125a-5p/125b-5p/351/670/4319, miR-
10abc/10a-5p, miR-129-5p/129ab-5p, miR-490-3p

MYO16 miR-503, miR-551a, miR-130ac/301ab/301b/301b-3p/454/721/4295/3666, miR-7/7ab, miR-9/9ab, miR-96/507/1271, 
miR-135ab/135a-5p, miR-137/137ab, miR-138/138ab, miR-139-5p, miR-140/140-5p/876-3p/1244, miR-141/200a, miR-
143/1721/4770, miR-144, miR-153, miR-15abc/16/16abc/195/322/424/497/1907, miR-181abcd/4262, miR-182, miR-184, 
miR-187, miR-18ab/4735-3p, miR-192/215, miR-193/193b/193a-3p, miR-194, miR-199ab-5p, miR-1ab/206/613, miR-203, 
miR-205/205ab, miR-214/761/3619-5p, miR-216a, miR-216b/216b-5p, miR-218/218a, miR-219-5p/508/508-3p/4782-3p, 
miR-221/222/222ab/1928, miR-223, miR-122/122a/1352, miR-23abc/23b-3p, miR-24/24ab/24-3p, miR-27abc/27a-3p, miR-
101/101ab, miR-29abcd, miR-30abcdef/30abe-5p/384-5p, miR-31, miR-103a/107/107ab, miR-124/124ab/506, miR-338/338-
3p, miR-33ab/33-5p, miR-375, miR-125a-5p/125b-5p/351/670/4319, miR-451, miR-129-5p/129ab-5p, miR-490-3p
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Table S3. Clinical characteristics of 95 pairs 
of HCC tissues specimen

Clinical factors
HCC specimen group

(N=95)
Gender
    Male 14
    Female 81
Age
    ≤50 48
    >50 47
TNM stage
    I and II 51
    III and IV 44
PVTT
    Yes 30
    No 65
Hepatitis virus
    Yes 54
    No 41
Tumor number
    1 58
    >1 37
Tumor size
    ≤5 cm 49
    >5 cm 46
AFP
    ≤400 50
    >400 45
AST
    ≤50 u 48
    >50 u 47
Edmondson-Steiner grade
    I and II 64
    III and IV 31
Abbreviation: PVTT, portal vein tumor thrombus; AFP, 
alpha-fetoprotein; AST, aspartate transaminase.


