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Abstract. Exosome complex (EXOSC) genes, which encode 
a multi-protein intracellular complex, mediate the degradation 
of various types of RNA molecules. EXOSCs, also known 
as polymyositis/scleroderma complexes, exist in eukaryotic 
cells and archaea, and primarily mediate 3' to 5'mRNA 
degradation. However, how EXOSC genes are implicated in 
processes of B-cell immune-associated pathways and B-cell 
tumorigenesis remains unclear. The present bioinformatics 
study indicated that 6 of 10 EXOSC genes, particularly the 
EXO.index, were able to predict the survival of patients with 
mantle cell lymphoma (MCL), by analyzing gene expression 
profiles of 123 patients with MCL from the Gene Expression 
Omnibus database. The results suggested that EXOSC gene 
expression may be a molecular marker for MCL. Compared 
with the whole transcript profile, patients with MCL with a 
high EXO.index exhibited poorer survival and decreased 
RNA levels, which was also verified in a second dataset. The 
EXOSC genes may be associated with DNA repair and B-cell 
activation pathways, which may be the cause of poorer survival 
of patients with MCL.

Introduction

During cell differentiation and development, RNA levels 
are inevitably regulated in response to environmental cues. 
Among the different mechanisms of RNA regulation, RNA 
degradation is an important method of gene expression 
control (1). In eukaryotic cells, the processes of mRNA 
degradation are generally divided into the 5' to 3' and the 3' 
to 5'pathways (1). In yeast, mRNA degradation also proceeds 
via two pathways: Rapid 5' to 3'degradation by removing the 
5'-cap structure, and slower 3' to 5'degradation mediated by the 
exosome complex (2). In human cells, exosome-mediated 3' to 
5'degradation is the predominant pathway (3-5). The exosome 
complex (EXOSC), also known as the polymyositis/sclero-
derma complex, is a multi-protein intracellular complex 
capable of degrading various types of RNA. The core of the 
exosome is a ring to which other proteins are attached (6). 
Exosome component 2 (EXOSC2), as a peripheral section 
of exosome component 9 (EXOSC9), combines with exosome 
component 4 (EXOSC4) and exosome component 7 (EXOSC7) 
to stabilize the ring of RNase PH-domain subunits (7). 
Furthermore, EXOSC4, exosome component 8 (EXOSC8) and 
EXOSC9 bind to adenylate-uridylate-rich element-containing 
RNAs (8). EXOSC10 is involved in the maturation of 5.8S 
ribosomal (r)RNA (9). In 2017, two study groups demonstrated 
that RNA stability regulation has an important role in hema-
topoietic stem and progenitor cell differentiation and T-cell 
homeostasis (10,11).

Mantle cell lymphoma (MCL) comprises 3-10% of all 
non-Hodgkin B-cell lymphoma cases, as a distinct entity with 
a t (q13;q32) translocation event (12-18). Among patients with 
MCL, 60-65-year-old males represent the predominant patient 
type, and the majority of cases are diagnosed at the advanced 
stage with extranodal involvement (15). At present, various 
treatments are used for MCL: Chemotherapy; bone marrow 
transplantation; radiotherapy; immunotherapy; and targeted 
therapy. However, to date, no consensus regarding the optimal 
treatment has been reached among physicians, and rapid 
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relapses hamper their curative effect (19). As a result, MCL has 
a relatively short median survival time of 5-7 years (20-22). 
To evaluate and select appropriate treatments for patients 
with MCL, several previous studies have investigated various 
approaches to stratify patients, including gene expression 
analysis of 20 ‘proliferation signature’ genes (23), a PCR-based 
5-gene model (24), the antigen Ki-67 (Ki-67) proliferation 
index (25) and the Mantle Cell International Prognostic Index 
(MIPI) (26). However, while all of these prognostic factors are 
associated with survival to a certain extent, none of them has 
been proven to be an effective tool for the selection of therapy. 
Therefore, it is necessary to explore the molecular mechanisms 
of MCL progression further, and to identify novel treatment 
approaches for MCL. It has been suggested that mutations 
in exosome component 3 (EXOSC3) may cause spinal motor 
neuron disease and cerebellar atrophy (27). However, little is 
known about the prognostic significance of EXOSC family 
genes in MCL. In the present study, the prognostic signifi-
cance and biological implication of EXOSC genes in MCL 
were investigated by using a Bioinformatics analysis of gene 
expression data.

Materials and methods

Data sources. Affymetrix Human Genome U133 Plus 2.0 
Array datasets were obtained from the NCBI Gene Expression 
Omnibus (GEO) database (28). The datasets GSE93291 and 
GSE36000 were used, containing the gene expression data of 
123 and 38 MCL patients, respectively.

Gene expression analysis. The gene expression data in each 
probe set of all the arrays were computed using the robust 
multiarray averaging algorithm. Log2-transformed values were 
used to represent the relative RNA expression value of each 
probe set or gene. An unpaired Student's t-test was used to iden-
tify the differentially expressed genes. P<0.05 was considered 
to indicate a statistically significant difference. Upregulated or 
downregulated differentially expressed genes were defined as 
genes with a log2 (fold change) of >1 or <-1, respectively.

Pearson's correlation coefficient was used to calculate 
the correlation coefficient of the expression level of 10 
EXOSC genes in MCL. The 123 patients with MCL were 
divided into two groups using a fuzzy clustering method in 

Figure 1. Survival analysis and forest plot of 10 EXOSC genes of 123 patients with mantle cell lymphoma. (A) Survival analysis of 10 EXOSC genes, classified 
by hazard ratio. (B) Forest plot of 10 EXOSC genes, classified by hazard ratio. The forest plot includes the lower and upper 95% confidence intervals. EXOSC, 
exosome complex. EXOSC5, exosome component 5; EXOSC1, exosome component 1; EXOSC4, exosome component 4; EXOSC2, exosome component 2; 
EXOSC7, exosome component 7; EXOSC3, exosome component 3; EXOSC8, exosome component 8; EXOSC6, exosome component 6; EXOSC9, exosome 
component 9; EXOSC10, exosome component 10.
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the ggplot2 package (version 3.1.1; ggplot2.tidyverse.org), 
based on the gene expression of the 10 EXOSC genes. To 
determine the association of EXOSC gene expression with 
survival of patients with MCL, Kaplan-Meier curves were 
calculated and log-rank tests was performed. Comparison 
between the expression levels of FA complementation 
group A (FANCA) and INO80 complex subunit D between 
EXO.index-high and -low groups was performed using an 
unpaired Student's t-test.

Definition of EXO.index for survival prediction. An EXO.
index was defined to predict survival of patients with MCL. 
The EXO.index was calculated by using the following formula: 
EXO.indexj=Hj/Fj, where EXO.indexj represented the index of 
EXOSC genes of the jth sample to predict survival. Hj repre-
sented the product of the expression of harmful genes (hazard 
ratio of >1) with P<0.05 in the jth sample. A total of 5 of the 10 
EXOSC genes (EXOSC1, EXOSC2, EXOSC4, EXOSC5 and 
EXOSC7) with a hazard ratio of >1 were included. Fj repre-
sented the product of the expression of favorable genes (hazard 
ratio of <1) of the jth sample. Of the 10 EXOSC genes, 1 gene, 
EXOSC3, with a hazard ratio of <1 was included.

Gene ontology (GO) analysis. The Database for Annotation 
and Visualization and Integrated Discovery tool was used 
with default parameters for GO analysis (29-31). Enriched 
GO terms (P<0.05) presented in the figures were manually 
curated, and only non-redundant GO terms in the biological 
process category were provided (32).

R software (version 3.1.3; www.r-project.org) was used for 
data analysis. Values are expressed as the mean ± standard 
error of the mean in scatter plots. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Survival in MCL predicted by 6 of 10 EXOSC genes. To 
investigate the association between the EXOSC genes 
(EXOSC1-EXOSC10) and the survival of patients with MCL, 
a total of 123 MCL expression profiles from the GEO dataset 
GSE93291 were analyzed. It was identified that the expression 
levels of 6 out of 10 EXOSC genes were significantly associ-
ated with the survival of patients with MCL (P<0.05; log-rank 
test). The 10 EXOSC genes were categorized based on the 
hazard ratio values. The genes with a hazard ratio of <1 were 

Figure 2. Kaplan-Meier curves for 4 EXOSC genes regarding overall survival of 123 patients with mantle cell lymphoma. The p-values for the EXOSC5, 
EXOSC1, EXOSC4 and EXOSC2 curves were as follows: P=7.0x10-7; P=5.7x10-6; P=1.1x10-4; and P=2.7x10-3, respectively. The log-rank test was used to 
compare Kaplan-Meier curves. EXOSC, exosome complex; EXOSC5, exosome component 5; EXOSC1, exosome component 1; EXOSC4, exosome 
component 4; EXOSC2, exosome component 2.
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Figure 3. Correlation plot of the expression levels of 10 EXOSC genes in mantle cell lymphoma. (A) Correlation plot of 10 EXOSC genes. The Pearson correla-
tion coefficient is presented. The X‑axis and Y‑axis represent gene expression levels (log2). The colors included in the upper right section of the plot represent 
dot density. Grey and blue represent mean low dot density and red and yellow represent high dot density. (B) Correlations between EXOSC4 and EXOSC5 
(upper left), EXOSC1 and EXOSC5 (upper right), EXOSC7 and EXOSC9 (lower left), EXOSC7 and EXOSC8 (lower right) genes were calculated. EXOSC, 
exosome complex; cor, Pearson correlation coefficient; EXOSC4, exosome component 4; EXOSC5, exosome component 5; EXOSC1, exosome component 1; 
EXOSC7, exosome component 7; EXOSC9, exosome component 9; EXOSC8, exosome component 8.
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defined as ‘favorable genes’, as they had a positive influence 
on the survival of MCL. Only EXOSC3, with a hazard ratio of 
0.76 [95% confidence interval (CI), 0.61‑0.94], was a signifi-
cant ‘favorable gene’. Conversely, the genes with a hazard ratio 
of >1 were defined as ‘harmful genes’ due to having a nega-
tive effect on the survival of MCL. Based on this, 5 of the 10 
EXOSC genes (EXOSC1, EXOSC2, EXOSC4, EXOSC5 and 
EXOSC7) were classified as ‘harmful genes’ (Fig. 1A and B). 
With a hazard ratio of 5.87 (95% CI, 2.72-12.69), EXOSC1 
was the most significant gene among the ‘harmful genes’. The 
Kaplan-Meier curves of overall survival for the 123 patients 
with MCL were then generated to compare 4 EXOSC genes 
with the log-rank test values (Fig. 2; EXOSC5, P=7.0x10-7; 
EXOSC1, P=5.7x10-6; EXOSC4, P=1.1x10-4; EXOSC2, 
P=2.7x10-3; log-rank test), indicating that the ‘harmful’ EXOSC 
genes were able to predict the survival of patients with MCL.

Correlation of the 10 EXOSC genes in MCL. Correlation 
plots of the expression of the 10 EXOSC genes in MCL 
are presented in Fig. 3. Of note, certain pairs of EXOSC 
genes exhibited a positive correlation, including EXOSC4 
and EXOSC5 (R=0.47), EXOSC1 and EXOSC5 (R=0.44), 
EXOSC1 and EXOSC2 (R=0.42), and EXOSC4 and EXOSC7 
(R=0.35). Other pairs of EXOSC genes had a negative corre-
lation, including EXOSC7 and EXOSC9 (Rr=-0.49), and 
EXOSC7 and EXOSC8 (R=-0.36). In addition, certain pairs 
of EXOSC genes exhibited no correlation, including EXOSC1 
and EXOSC8 (R=-0.02), and EXOSC6 and EXOSC10 
(R=-0.03). The 5 ‘harmful genes’, EXOSC1, EXOSC2, 
EXOSC4, EXOSC5 and EXOSC7, exhibited a positive mutual 
correlation. EXOSC3, as a ‘favorable gene’, had a weak posi-
tive correlation with EXOSC8 (R=0.24), a weak negative 
correlation with EXOSC1 (R=-0.26) and no correlation with 
EXOSC5 (R=-0.08).

EXOSC gene expression predicts survival in MCL. Cosine 
correlation similarity was adopted to perform unsupervised 
clustering of the 10 EXOSC genes in the 123 patients with 
MCL (Fig. 4A). The results indicated that the 10 EXOSC genes 
were significantly clustered into 2 different groups (EXOSC2 
and EXOSC3 in one group, and the other 8 EXOSC genes in 
a second group). Furthermore, all of the ‘harmful genes’, with 
the exception of EXOSC2, were in the same group. Therefore, 
the EXOSC genes were considered to be associated with the 
survival of MCL and also exhibited a characteristic expres-
sion profile. Furthermore, using a fuzzy clustering of the 10 
EXOSC genes, it was possible to stratify the 123 patients with 
MCL into two groups (R, ggplot2; Fig. 4B). The EXO.index 
was then calculated as the ratio of the expression of ‘harmful 
genes’ and ‘favorable genes’. The EXO.index was significantly 
associated with the survival of MCL (P=1.73x10-7; log-rank 
test; Fig. 4C). The EXO.index revealed the unequal expression 
levels between the ‘favorable genes’ and the ‘harmful genes’ 
among the EXOSC genes. The patients with MCL in the EXO.
index-high group exhibited poorer survival rates compared 
with the EXO.index-low group.

EXO.index‑high group demonstrates a lower RNA levels in 
MCL. The gene expression profiles of the EXO.index‑high 
and EXO.index-low groups of patients with MCL are 

demonstrated in Fig. 5A. Overall, it was observed that 153 
genes were upregulated and 303 genes were downregulated 
between the EXO.index-high and EXO. Index-low group 

Figure 4. A total of 10 EXOSC genes were used as classifiers for the 
123 patients with MCL. (A) Unsupervised clustering of the expression of 
10 EXOSC genes for the 123 patients with MCL. The cluster of EXOSC 
genes demonstrated cosine correlation similarity. (B) Fuzzy clustering of the 
123 patients with MCL based on the expression of the 10 EXOSC genes. 
(C) Kaplan-Meier curves for overall survival of 123 patients with MCL based 
on the EXO.index (P=1.73x10-7). The log-rank test was used to compare 
Kaplan-Meier curves. EXOSC, exosome complex; EXO.index, exosome 
complex index; MCL, mantle cell lymphoma; EXOSC5, exosome compo-
nent 5; EXOSC1, exosome component 1; EXOSC4, exosome component 4; 
EXOSC2, exosome component 2; EXOSC7, exosome component 7; EXOSC3, 
exosome component 3; EXOSC8, exosome component 8; EXOSC6, exosome 
component 6; EXOSC9, exosome component 9; EXOSC10, exosome 
component 10.
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(P<0.05; Fig. 5B). The number of downregulated genes in the 
EXO.index-high group of patients with MCL was increased 
compared with the upregulated genes, indicating that the 
EXO.index-high group has different ways of RNA processing 
compared with the EXO.index-low group. As demonstrated 
in the cumulative distribution of RNA expression of the 
differentially expressed genes between the EXO.index-high 
vs. EXO.index-low groups of patients with MCL, the EXO.
index-high group exhibited decreased RNA levels compared 
to the whole transcript profile (P=5.14x10-3; Fig. 5C). This 
result was also confirmed in a second dataset (GSE36000; 
n=38 samples; P=9.20x10-7; Fig. 5C).

Furthermore, the correlation coefficients of the EXO.index 
with the gene expression of 10 proliferation-associated genes, 

including Ki67, were determined in the 123 MCL samples 
(Fig. S1). The results indicated that EXO.index is highly 
correlated with the 10 proliferation-associated genes. 

DNA repair and regulation of B‑cell pathways are significantly 
enriched in MCL. Enrichment analysis of the differentially 
expressed genes between the EXO.index-high and the EXO.
index-low group of patients with MCL was then performed. 
The results of the GO pathway analysis are summarized in 
Table I, and the complete list is presented in Table SI. As indi-
cated in Fig. 6A, ‘mitotic nuclear division’ followed by ‘DNA 
repair’ was the most significantly enriched pathway among 
the cell division-associated pathways, and ‘immunoglobulin 
receptor binding pathway’ and ‘positive regulation of B-cell 

Figure 5. Differentially expressed genes between the EXO.index-high and EXO.index-low groups of 123 patients with MCL. (A) The heatmap demonstrates the 
differentially expressed genes between the EXO.index-high and EXO.index-low groups. The red color represents high expression, the green color represents 
low expression and the white color represents intermediate expression. The top 12 downregulated and 12 upregulated genes were included. On the right-hand 
side of the heatmap, the bar graphs on the left indicate the fold changes (log2) and the right bar graph indicates the P-values (-log10). (B) The total of 303 down-
regulated genes and 153 upregulated genes were identified between the EXO.index‑high and EXO.index‑low groups of patients with MCL. (C) Cumulative 
distribution of RNA expression levels of different genes between the EXO.index-high and EXO.index-low groups in patients with MCL (log2 fold change). 
The left plot represents the GSE93291 dataset (n=123 samples; P=5.14x10-3) and the right plot represents the GSE36000 dataset (n=38 samples; P=9.20x10-7). 
EXO.index, exosome complex index; MCL, mantle cell lymphoma.
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activation’ were the 2 most enriched pathways in B-cell 
immune-associated pathways. Among all of the differentially 
expressed genes, FANCA and INO80D were upregulated or 
downregulated in DNA repair pathway (Fig. 6B). According 
to a previous study, knockdown of EXOSC8 induced cell-cycle 
exit and promoted the expression of several cell cycle regula-
tory genes that are involved in cell-cycle arrest (33). A similar 
expression pattern of these genes was also observed in the 
other dataset (GSE36000; n=38 samples; Fig. 6B). 

Discussion

In eukaryotic cells, the exosome complex exists in the cyto-
plasm, nucleus and particularly the nucleolus. In the nucleus, 
the exosome is required to correct processing of several 
small RNA molecules, including rRNA, small nuclear (sn)
RNA and small nucleolar RNA (34). In the nucleolus, the 
exosome is involved in the processing of the 5.8S rRNA and 
several snRNAs (34-36). In the cytoplasm, the exosome has a 
role in degrading mRNA (9,37,38). It has been demonstrated 
that mutations in EXOSC3 and EXOSC8 are associated with 
human neurological diseases (27,39). However, the biological 
implications and prognostic significance of EXOSC family 
genes in MCL remain unknown. By analyzing the expression 
of EXOSC genes in MCL, the present Bioinformatics study 
indicated that abnormal EXOSC gene expression may predict 
survival in MCL and alter the expression levels of RNAs 
compared with those in the whole transcript profile.

MCL is a rare and refractory subtype of non-Hodgkin's 
lymphomas, with a median overall survival time of 5-7 years. 

In previous studies, 20 ‘proliferation signature’ genes (23), 
a PCR-based 5-gene model (24), the Ki67 proliferation 
index (25), and the MIPI (26) were used as prognostic models 
for predicting the survival of patients with MCL. Among 
these prognostic models, MIPI is the most commonly used, 
and is applied to stratify patients with MCL into three risk 
groups: Low risk; intermediate risk; and high risk, on the 
basis of age, leukocyte count, Eastern Cooperative Oncology 
Group performance status and lactic dehydrogenase 
levels (22,40). However, it is not universally accepted for 
predicting survival in MCL. Therefore, novel biomarkers for 
predicting the survival of MCL are urgently required (26). 
In the present analysis, it was indicated that the expression 
levels of more than one-half of the EXOSC genes (6 out 
of 10) were significantly associated with survival in MCL 
(P<0.05; log-rank test). Furthermore, a comprehensive EXO.
index was established to predict the survival of patients with 
MCL. The EXO.index exhibited an improved performance 
in predicting survival compared with each specific EXOSC 
protein alone (P=1.73x10-7). Furthermore, the unequal 
expression of EXOSC genes may predict poorer survival in 
patients with MCL.

In addition, 3 key results from the present study were iden-
tified to support the study conclusions. Firstly, the expression 
of EXOSC genes was demonstrated to be a good classifier in 
MCL in the fuzzy clustering. Furthermore, the EXO.index 
was determined, and the patients with MCL were stratified 
into EXO.index-high and EXO.index-low groups. The EXO.
index-high group exhibited decreased RNA levels compared 
with the whole transcript profile. In addition, the differentially 

Table I. GO pathway analysis of differently expressed genes.

Category Term Count P-value FDR

GOTERM_MF_DIRECT GO:0034987~immunoglobulin receptor binding 9 8.0x10-09 3.7x10-06

GOTERM_MF_DIRECT GO:0003823~antigen binding 11 1.1x10-05 4.9x10-03

GOTERM_MF_DIRECT GO:0005524~ATP binding 48 3.3x10-05 1.5x10-02

GOTERM_MF_DIRECT GO:0005515~protein binding 182 1.6x10-04 7.1x10-02

GOTERM_MF_DIRECT GO:0008017~microtubule binding 13 2.5x10-04 1.1x10-01

GOTERM_MF_DIRECT GO:0004386~helicase activity 7 3.4x10-03 7.9x10-01

GOTERM_MF_DIRECT GO:0003777~microtubule motor activity 6 1.2x10-02 1.0x100

GOTERM_MF_DIRECT GO:0004252~serine-type endopeptidase activity 11 1.3x10-02 1.0x100

GOTERM_MF_DIRECT GO:0003682~chromatin binding 14 1.8x10-02 1.0x100

GOTERM_MF_DIRECT GO:0008253~5'-nucleotidase activity 3 2.3x10-02 1.0x100

GOTERM_MF_DIRECT GO:0003677~DNA binding 40 2.9x10-02 1.0x100

GOTERM_MF_DIRECT GO:0003690~double-stranded DNA binding 5 5.0x10-02 1.0x100

GOTERM_MF_DIRECT GO:0042393~histone binding 6 5.9x10-02 1.0x100

GOTERM_MF_DIRECT GO:0004674~protein serine/threonine kinase activity 12 6.0x10-02 1.0x100

GOTERM_MF_DIRECT GO:0098641~cadherin binding involved in cell-cell adhesion 10 6.2x10-02 1.0x100

GOTERM_MF_DIRECT GO:0035662~Toll-like receptor 4 binding 2 6.7x10-02 1.0x100

GOTERM_MF_DIRECT GO:0051015~actin filament binding 6 7.7x10-02 1.0x100

GOTERM_MF_DIRECT GO:0050544~arachidonic acid binding 2 8.3x10-02 1.0x100

GOTERM_MF_DIRECT GO:0008026~ATP-dependent helicase activity 3 8.8x10-02 1.0x100

GOTERM_MF_DIRECT GO:0004672~protein kinase activity 11 9.0x10-02 1.0x100

GO, Gene Ontology; FDR, false discovery rate.
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expressed genes in the EXO.index-high group were enriched 
in cell division and DNA repair pathways, which may lead to 
poor survival of patients with MCL.

However, there are certain limitations to the present study: 
There may be confounding factors during the survival compar-
ison of EXO.index-high and EXO.index-low groups for the 
absent of comparison all the clinical information between each 
group. As compensation, the correlation coefficient of EXO.
index with the gene expression of 10 proliferation-associated 
genes, including KI67, was calculated in 123 MCL samples. 
The results indicated that the EXO.index is highly correct with 
the 10 proliferation-associated genes.

In conclusion, the expression of EXOSC genes was demon-
strated to be a good classifier in MCL. Abnormal expression 
of EXOSC genes predicts poor survival in MCL. Furthermore, 
the patients with MCL in the EXO.index-high group exhibited 
poorer survival rates and decreased RNA levels compared with 
the whole transcript profile. The EXOSC genes were indicated 
to be associated with cell division and DNA repair pathways, 
which may result in poorer survival of patients with MCL.
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