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Abstract: Exportin-1 (XPO1) is an essential nuclear export receptor that is involved in the pathogenesis of mul-
tiple tumors. However, the role of XPO1 in diffuse large B-cell lymphoma (DLBCL) requires clarification. This study 
aims to detect XPO1 expression in DLBCL and to explore its relationships with clinicopathologic parameters and 
prognoses. Methods: A total of 131 cases of DLBCL and 30 cases of reactive lymphoid hyperplasia were selected 
for immunohistochemistry to examine XPO1 expression and analyze the relationships of XPO1 expression with 
clinicopathologic parameters and prognosis. DLBCL datasets downloaded from The Cancer Genome Atlas (TCGA) 
were used to analyze the mutations, expressions, and clinical values of XPO1 in DLBCL. Results: XPO1 expres-
sion was markedly upregulated in DLBCL compared to the reactive lymphoid hyperplasia group (χ2 = 10.734, P = 
0.001). High XPO1 expression was associated with an advanced clinical stage (χ2 = 4.036, P = 0.045) and a risky 
International Prognostic Index (IPI) score (χ2 = 5.301, P = 0.025). Moreover, high XPO1 expression was associated 
with a lower overall survival rate compared with low expression (P = 0.043). XPO1 was an independent prognostic 
factor for DLBCL (risk ratio, RR = 3.772, P = 0.006). Furthermore, XPO1 overexpression in DLBCL was correlated 
with a high IPI score (P = 0.024) in TCGA datasets. Conclusion: High XPO1 expression in DLBCL was related to an 
advanced clinical stage, poor IPI score, and poor prognosis. Thus, XPO1 may be useful for condition identification 
and prognostic assessment. 
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the 
most common type of non-Hodgkin’s lympho-
ma (NHL) [1-3]. Each DLBCL subtype has differ-
ent pathological features, biological behaviors, 
clinical presentations, and prognoses [4, 5]. 
DLBCL is categorized into the germinal center B 
cell-like (GCB) and non-germinal center B cell-
like (non-GCB) subtypes based on immunohis-
tochemistry tests [6-8]. The GCB subtype has a 
better prognosis [9]. Currently, rituximab plus 
cyclophosphamide, doxorubicin, vincristine, 
and prednisone (R-CHOP) is used as the first-
line chemotherapy for DLBCL because this regi-
men improves the prognosis and results in 
70-80% complete remission (CR) and 50-60% 
progression-free survival (PFS) at 3-5 years 
[10-14]. However, one-third of patients with 
DLBCL are refractory to the treatment or experi-

ence recurrence after treatment [15, 16]. 
Hence, providing treatment for patients who 
resist the first-line therapy or have early recur-
rence is a pressing clinical issue. The identifica-
tion of effective DLBCL markers for diagnosis 
and prognosis that will lead to accurate diag-
nostic stratification and individualized treat-
ment is of paramount importance.

Exportin-1 (XPO1), also known as chromosome 
region maintenance 1 (CRM1), mediates leu-
cine-rich nuclear export signal (NES)-dependent 
protein transport [17, 18]. Current studies have 
revealed that XPO1 nuclear export pathways 
are involved in the protein regulation and signal 
transduction of multiple key molecules, includ-
ing p21, p27, p53, and epidermal growth factor 
(EGF) [19, 20]. Additionally, XPO1 expression is 
increased and has been related to an unfavor-
able prognosis in malignancies, including ovar-
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ian cancer [21], multiple myeloma [17], and 
acute myeloid leukemia [22]. A number of stud-
ies have shown that XPO1 can function as a 
target for oncotherapy [23-26], although stud-
ies on its role in DLBCL are limited. The gene 
chip analyses performed by Kwiecinska [27], 
Scholtysik [28], and Trifonov [29] indicated that 
XPO1 was highly expressed in DLBCL tissues. 
Zhou [30] found that XPO1 was positively 
expressed in DLBCL. However, comprehensive 
research on the relationships between XPO1 

receive R-CHOP treatment (20 were in CR and 9 
were in PR), while 10 patients preferred other 
forms of chemotherapy. Clinical staging was 
conducted based on the 2008 WHO Ann Arbor 
criteria, and the performance status of the 
patients was measured using the Eastern 
Cooperative Oncology Group (ECOG) and 
International Prognostic Index (IPI) scores. 
None of the patients received antineoplastic 
therapy prior to the biopsy or operation, and the 
patients had no medical history of immunodefi-

Figure 1. Morphology of H&E-stained DLBCL and reactive lymph node hyper-
plasia tissue sections. A. DLBCL tissues; B. Reactive lymph node hyperplasia 
tissue. Annotation: DLBCL, diffuse large B-cell lymphoma; H&E, hematoxylin-
eosin.

Figure 2. Detection of XPO1 protein expression by immunohistochemistry 
in DLBCL and reactive lymph node hyperplasia tissues. A: DLBCL tissues; B: 
Reactive lymph node hyperplasia tissues. Annotation: DLBCL, diffuse large 
B-cell lymphoma; XPO1, exportin-1.

expression, clinical parame-
ters, and prognosis is lacking.

This study aims to explore the 
correlation of XPO1 expres-
sion in DLBCL with its clinico-
pathological parameters and 
prognosis. Additionally, we 
analyze the biologic signifi-
cance of XPO1 using TCGA 
datasets to provide evidence 
for the clinical diagnosis and 
treatment of DLBCL.

Materials and methods

Tissue samples

A total of 131 paraffin speci-
mens of primary DLBCL were 
collected and re-examined as 
sections. All of the specimens 
were pathologically diagnosed 
using the 2008 World Health 
Organization (WHO) criteria. 
The age of onset ranged from 
18 to 86 (median 54) years. 
Of the specimens, 43 cases 
were diagnosed with lymph-
adenopathy, mainly iun the 
neck and inguinal lymph no- 
des, and 88 cases were clas-
sified as extranodal lesions, 
mainly in the stomach, intes-
tines, liver, spleen, and brain; 
among the latter cases, 20 
were primary central nervous 
system lymphoma. Of the 131 
patients, 78 had received che-
motherapy. Among these pa- 
tients, 29 had been treated 
with CHOP therapy and 5 were 
in CR while 6 were in partial 
remission (PR). Additionally, 
39 patients had elected to 
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ciency. The follow-up, which lasted between 14 
and 65 months, ended on October 15, 2016. 
The overall survival (OS) and PFS were calcu-
lated separately. Thirty cases of reactive hyper-
plasia of the lymph node were selected as the 
controls. The study was approved by the Re- 
search Ethics Committees of the First Affiliated 
Hospital of Guangxi Medical University, China.

Reagents

The XPO1 antibody (sc-5595) was purchased 
from Santa Cruz and used at a 1:100 dilution. 
The ready-to-use Bcl-2 and Bcl-6 antibodies 
were acquired from Fuzhou Maixin Biotech. Co., 
Ltd. CD20, MUM1, CD10, and Ki67 were pur-
chased from Beijing Zhongshan Golden Bridge 
Biotechnology Co., Ltd. 

Immunohistochemistry

Paraffin-embedded tissues were sliced into 
4-μm sections. Then, the slides were baked in 

medium. Positive tissues were considered as 
the positive control group, and PBS was used in 
place of the primary antibody as the normal 
control group [31, 32]. 

Immunohistochemistry assessment

XPO1 expression was located in the nucleus 
and partly in the cytoplasm. Bcl-2, CD20, and 
CD10 were detected in the cytomembrane, and 
Bcl-6, MUM1, and Ki67 were found in the 
nucleus. The overall scoring system was based 
on the staining intensity of the tumor cells and 
the percentage of positive cells [33]. The stain 
color was compared against the background 
color in the same section. The scoring criteria 
for the staining intensity were as follows: 0 for 
colorless, 1 for light yellow, 2 for yellowish-
brown, and 3 for dark brown. The scoring sys-
tem for the percentages of positive cells was as 
follows: 0 for ≤ 5%, 1 for 6%-25%, 2 for 26%-
50%, 3 for 51%-75%, and 4 for > 75%. The over-
all score was achieved by multiplying the inten-

Figure 3. Detection of CD20, CD10, Bcl-2, Bcl-6, MUM1, and Ki67 protein 
expression in DLBCL tissues by immunohistochemistry. A. CD20; B. CD10; 
C. Bcl-2; D. Bcl-6; E. MUM1; F. Ki67 (400×). Annotation: DLBCL, diffuse large 
B-cell lymphoma.

an oven for 6 hours. The slides 
were subjected to dewaxing 
and gradient hydration with 
ethanol. An ethylenediamine 
tetra acetic acid buffer solu-
tion was applied to recover 
antigens, according to the 
manufacturer’s instructions, 
and 3% H2O2 was used as a 
block. The primary antibodies 
were added first. The sections 
with the XPO1 antibody were 
incubated at 4°C overnight. 
Then, the secondary antibody 
was added after a 30-minute 
rewarming period. The sec-
tions with the ready-to-use pri-
mary antibodies were incubat-
ed at 37°C for 1 hour, after 
which the secondary antibod-
ies were added, and the slides 
were incubated for 30 min-
utes and washed three times 
with phosphate-buffered sa- 
line (PBS). Next, the slides 
were incubated with 3,3’-dia- 
minobenzidine for visualiza-
tion for 2-5 minutes. Re-st- 
aining was performed with 
hematoxylin, and dehydration 
was conducted for transpar-
ency. Finally, neutral balsam 
was used as the mounting 
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Table 1. Relationships between XPO1 expression and clinicopath-
ologic parameters in DLBCL patients
Clinicopathologic  
parameters n

XPO1
χ2 P r P

+ -
Gender
    Male 77 41 36 0.799 0.371 -0.078 0.375 
    Female 54 33 21
Age
    > 60 49 29 20 0.231 0.631 0.042 0.634 
    ≤ 60 82 45 37
Extranodal sites
    < 2 92 50 42 0.576 0.448 -0.060 0.452 
    ≥ 2 39 24 15
Clinical stage
    III-IV 59 39 20 4.036 0.045* 0.176 0.045*
    I-II 72 35 37
LDH level
    High 51 26 25 0.382 0.537 -0.062 0.541 
    Normal 49 28 21
ECOG PS
    < 2 98 56 42 0.158 0.691 0.035 0.694 
    ≥ 2 32 17 15
IPI score
    3-5 47 33 14 5.031 0.025* 0.196 0.025*
    0-2 84 42 42
B symptoms
    Yes 29 15 14 0.297 0.585 -0.048 0.589 
    No 101 58 43
Hgb
    Low 64 38 26 0.378 0.539 0.055 0.542 
    Normal 63 34 29
Chemotherapy
    CHOP 29 16 13 0.101 0.751 0.039 0.755 
    R-CHOP 39 20 19
Treatment responses
    CR+PR 44 24 20 0.007 0.934 -0.010 0.935 
    SD+PD 27 15 12
Subtype
    GCB 38 18 20 1.811 0.178 -0.118 0.181 
    Non-GCB 93 56 37
Bcl-2
    + 105 61 44 0.556 0.456 0.065 0.460 
    - 26 13 13
Ki67
    + 83 47 36 0.002 0.967 0.004 0.967 
    - 48 27 21
Annotation: XPO1, exportin-1; DLBCL, diffuse large B-cell lymphoma; LDH, lactate 
dehydrogenase; ECOG PS, Eastern Cooperative Oncology Group performance 
status; IPI, International Prognostic Index; Hgb, hemoglobin; CHOP, cyclophospha-
mide, doxorubicin, vincristine, prednisone; R-CHOP, rituximab, cyclophosphamide, 
daunorubicin, vincristine, prednisone; CR, complete remission; PR, partial remis-
sion; SD, stable disease; PD, progressive disease; GCB, germinal center B cell-like; 
non-GCB, non-germinal center B cell-like; *P < 0.05.

sity score by the percentage 
score: 0-4 was considered 
negative (-), 5-8 positive (+), 
and 9-12 strongly positive (++). 
“Positive” and “strongly posi-
tive” were classified as high 
expression. Additionally, a 
sample was considered posi-
tive when more than 25% of 
the cells stained positive for 
Bcl-2, CD20, CD10, Bcl-6, and 
MUM1 and more than 70% of 
the cells stained positive for 
Ki67. 

Analysis of TCGA datasets

Mutations in XPO1 in DLBCL 
(TCGA, provisional) were ana-
lyzed with cBioPortal (www.
cbioportal.org) [34, 35], which 
included amplification, mRNA 
upregulation, and missense 
mutations. OncoPrint in cBio-
Portal was employed to draw 
the XPO1 mutation diagram for 
the 48 DLBCL cases. Addi- 
tionally, plot was applied to 
generate several pictures of 
the clinicopathological param-
eters (Neoplasm American Jo- 
int Committee on Cancer Cli- 
nical Group Stage), OS, and 
DFS. The clinical data for XPO1 
expression in DLBCL down-
loaded from TCGA were used 
to analyze the correlations bet- 
ween XPO1 and the clinical 
parameters and prognosis. To 
obtain a better understanding 
of the relationships between 
XPO1 and other genes, the 
network of XPO1 and related 
genes was downloaded from 
cBioPortal.

Statistical analysis

SPSS 22.0 (IBM Corporation) 
was used for statistical analy-
sis. Quantitative data were 
represented as the mean ± 
standard deviation, and cate-
gorical data were analyzed 
with the χ2 test or Spearman’s 
rank correlation. The Kaplan-
Meier method was applied for 
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survival analysis, and comparisons between 
curves were tested with the log-rank test. A Cox 
proportional hazards model was adopted for 
analysis of the effects of multiple factors on the 
prognosis. Statistical significance was set at P 
< 0.05.

Results

Morphology of the tissue sections

We observed HE-stained DLBCL and reactive 
lymphoid hyperplasia tissue sections using 
microscopy. The observation of typical DLBCL 

morphology showed that the tissues in or out-
side of the lymph nodes were replaced by dif-
fuse cells that contained nuclei that were 
approximately twice as large as the nuclei of 
small lymphocytes. The large cells had a rich 
endochylema, empty nucleus, and obvious 
nucleolus (Figure 1A). The reactive lymph node 
hyperplasia sections revealed the partial exis-
tence of a normal structure with an increased 
number of lymphoid follicles, larger size, and 
expanded germinal center; additionally, the 
paracortical area was broadened, and the ves-
sels were multiplied (Figure 1B). 

Figure 4. Survival comparison of DLBCL patients with low and high XPO1 expression levels. A: Overall survival (OS) 
of 131 DLBCL patients; B: Progression-free survival (PFS) of 131 DLBCL patients; C: OS of 78 DLBCL patients with 
chemotherapy; D: PFS of 78 DLBCL patients undergoing chemotherapy. Annotation: DLBCL, diffuse large B-cell 
lymphoma; XPO1, exportin-1.
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Table 2. Univariate prognostic analysis of clinicopathologic 
parameters in 131 DLBCL patients
Risk factors n 3-year OS (%) 5-year OS (%) P
Gender
    Male 77 59.5 27.6 0.185 
    Female 54 47.7 32.5 
Age
    > 60 49 42.7 30.5 0.036*
    ≤ 60 82 68.0 27.9 
Extranodal sites
    < 2 92 58.8 35.1 0.160 
    ≥ 2 39 45.9 15.1 
Clinical stage
    III-IV 59 41.2 27.4 0.035*
    I-II 72 65.5 30.6 
LDH level
    High 51 39.2 17.6 < 0.001*
    Normal 49 84.8 63.6 
ECOG PS
    < 2 98 55.3 33.1 0.526 
    ≥ 2 32 51.9 26.0 
IPI score
    3-5 47 31.4 19.6 < 0.001*
    0-2 84 68.6 34.8 
B symptoms
    Yes 29 45.6 0.0 0.171 
    No 101 56.7 36.2 
Hgb
    Low 64 47.4 8.0 0.080 
    Normal 63 58.1 48.2 
Subtype
    GCB 38 70.1 52.7 0.031*
    Non-GCB 93 48.4 15.7 
Treatment
    No 53 37.6 13.7 < 0.001*
    Yes 78 69.1 46.2 
Chemotherapy
    R-CHOP 39 74.0 74.0 0.101 
    CHOP + other 39 64.5 17.9 
XPO1
    + 74 46.2 25.3 0.043*
    - 57 65.3 34.9 
Bcl-2
    + 105 53.3 18.8 0.028*
    - 26 61.2 61.2 
Ki67
    + 83 57.7 32.5 0.419 
    - 48 50.4 25.6 
Annotation: DLBCL, diffuse large B-cell lymphoma; OS, overall survival; 
LDH, lactate dehydrogenase; ECOG PS, Eastern Cooperative Oncology 
Group performance status; IPI, International Prognostic Index; Hgb, he-
moglobin; GCB, germinal center B cell-like; non-GCB, non-germinal center 
B cell-like; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; 
R-CHOP, rituximab, cyclophosphamide, daunorubicin, vincristine, predni-
sone; other chemotherapy including methotrexate or temozolomide; *P 
< 0.05.

Immunohistochemical staining results

Positive XPO1 expression in the DLBCL 
sections was mostly detected in the 
nuclei of the tumor cells (Figure 2A). 
Additionally, some staining was detect-
ed in the cytoplasm, with a positive 
percentage of 56.1% (74/131). XPO1 
had extremely low or no expression in 
the reactive lymph node hyperplasia 
sections (Figure 2B). The majority of 
the expression was detected in the 
germinal center, while a small amount 
was seen in the medullary cord and 
medullary sinus. Positive expression 
was located in the cytoplasm and 
nucleus in 23.3% (7/30) of the sec-
tions, which was significantly lower 
than the positive staining rate detect-
ed in the DLBCL group (χ2 = 10.734, P 
= 0.001). CD20 expression was posi-
tive in all 131 cases, and Bcl-2 and 
Ki67 expression was positive in 80.2% 
(105/131) and 63.4% (83/131) of the 
cases, respectively. The staining 
results for CD20, Bcl-2, Bcl-6, MUM1, 
CD10, and Ki67 are shown in Figure 3.

Relationships between XPO1 expres-
sion and clinicopathological param-
eters in DLBCL patients

The positive percentages of XPO1 
expression in the GCB subtype (CD- 
10+; CD10-/Bcl-6+/MUM1-) and the 
non-GCB subtype (CD10-/Bcl-6+/MU- 
M1+; CD10-/Bcl-6-/MUM1+; CD10-/
Bcl-6-/MUM1-) were 47.4% (18/38) 
and 60.3% (56/93), respectively. The 
increased XPO1 expression was asso-
ciated with an advanced clinical stage 
(χ2 = 4.036, P = 0.045) and a high IPI 
score (χ2 = 5.301, P = 0.025) (Table 
1). However, high XPO1 expression 
showed no relationship with the age, 
gender, extranodal involvement, B 
symptoms, subtypes, ECOG scores, 
hemoglobin (Hb), lactate dehydroge-
nase (LDH), Bcl-2, or Ki67 parameters 
(P > 0.05).

Follow-up results and survival analy-
sis

Of the 131 patients with DLBCL, 58 
were deceased, resulting in a mortali-
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Table 3. Univariate prognostic analysis of clinicopatholog-
ic parameters in 78 DLBCL patients with chemotherapy
Risk factors n 3-year OS (%) 5-year OS (%) P
Gender
    Male 44 72.1 38.4 0.625 
    Female 34 65.4 65.4 
Age
    > 60 23 65.6 65.6 0.969 
    ≤ 60 55 70.8 38.9 
Extranodal sites
    < 2 53 58.4 58.4 0.263 
    ≥ 2 25 52.1 26.0 
Clinical stage
    III-IV 41 57.1 37.5 0.021*
    I-II 37 83.5 55.7 
LDH level
    High 35 43.2 21.6 < 0.001*
    Normal 40 90.4 90.4 
ECOG PS
    < 2 58 70.0 63.0 0.491 
    ≥ 2 19 65.2 39.1 
IPI score
    3-5 30 45.3 27.2 0.001*
    0-2 48 86.0 57.3 
B symptoms
    Yes 18 65.8 0.0 0.520 
    No 59 68.8 55.0 
Hgb
    Low 34 62.8 16.7 0.234 
    Normal 41 71.6 71.6 
Subtype
    GCB 22 78.7 78.7 0.044*
    Non-GCB 56 65.8 19.2 
Chemotherapy
    R-CHOP 39 74.0 74.0 0.101 
    CHOP + other 39 64.5 17.9 
XPO1
    + 44 61.4 26.3 0.034*
    - 34 78.6 62.9 
Bcl-2
    + 61 66.7 30.0 0.076 
    - 17 77.1 77.1 
Ki67
    + 49 70.5 47.0 0.700 
    - 29 67.0 55.9 
Annotation: DLBCL, diffuse large B-cell lymphoma; OS, overall survival; 
LDH, lactate dehydrogenase; ECOG PS, Eastern Cooperative Oncology 
Group performance status; IPI, International Prognostic Index; Hgb, 
hemoglobin; GCB, germinal center B cell-like; non-GCB, non-germinal 
center B cell-like; CHOP, cyclophosphamide, doxorubicin, vincristine, 
prednisone; R-CHOP, rituximab, cyclophosphamide, daunorubicin, 
vincristine, prednisone; other chemotherapy including methotrexate or 
temozolomide; *P < 0.05.

ty rate of 46.8% (7 were lost to follow-
up). The three-year OS rate was 54.9%, 
and the 5-year OS rate was 29.4%, with 
a median survival time of 41.0 months 
(range 37.8-44.2 months). The univari-
ate survival analysis revealed that 
higher XPO1 expression was correlated 
with a worse prognosis (OS P = 0.043, 
PFS P = 0.011; Figure 4A, 4B). Mo- 
reover, there was a close link between 
a worse prognosis and an elderly age, 
non-GCB subtype, high LDH level, Bcl-2 
expression, Ann Arbor stages III-IV, and 
high IPI score (Table 2). The Cox regres-
sion analysis indicated that the XPO1 
protein expression and LDH levels were 
independent factors that influenced 
the OS of DLBCL patients and that the 
XPO1 and LDH levels, the clinical stage, 
and R-CHOP were independent factors 
that influenced the PFS of DLBCL 
patients. The risk ratios (RRs) of high 
XPO1 and LDH expression for OS were 
3.772 (P = 0.006) and 10.375 (P < 
0.001), respectively. The RRs of XPO1 
and LDH expression, Ann Arbor stages 
III-IV, and R-CHOP treatment for PFS 
were 3.595 (P = 0.002), 5.474 (P < 
0.001), 2.331 (P = 0.027), and 0.359 
(P = 0.007), respectively. After analyz-
ing the prognoses of the 78 patients 
who received chemotherapy for DLBCL, 
we found that high XPO1 expression 
was associated with a poor prognosis 
(OS P = 0.034, PFS P = 0.020; Figure 
4C, 4D). Additionally, patients of the 
non-GCB subtype who had a high LDH 
level, high Bcl-2 expression, Ann Arbor 
stages III-IV, or a high IPI score had an 
undesirable prognosis (Table 3). The 
multiple factor analysis of the OS of the 
78 patients who received chemothera-
py suggested that the XPO1 (RR = 
3.772, P = 0.006) and LDH (RR = 
10.375, P < 0.001) expression levels 
were independent factors for the 
DLBCL prognosis, which was similar to 
the overall analysis results for the 131 
patients with DLBCL. 

TCGA data analysis

According to OncoPrint, the mutation 
rate of XPO1 was 19% in the 48 DLBCL 
cases (TCGA, provisional) (Figure 5). 
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No significant relationship was noted between 
XPO1 mRNA expression and the clinical stage 
(Figure 6). There was also no significant rela-
tion found between the mutations and DFS 
(Figure 7A) or OS (Figure 7B) (P > 0.05). In 
TCGA, complete case information was obtained 
for the 47 DLBCL cases, which were divided 
into high and low expression groups using the 
median expression level (Table 4). High XPO1 
expression levels were associated with an 
elderly age (χ2 = 7.982, P = 0.005) and risky IPI 
score (P = 0.024), whereas no correlation was 

cells and that high FOXP1 expression was asso-
ciated with the prognosis. Lu [37] discovered 
that high Myc and Bcl-2 expression and muta-
tions were associated with a negative progno-
sis. Additionally, metadherin (MTDH) prohibited 
proliferation of tumor cells and strengthened 
chemo-sensitivity to doxorubicin in DLBCL [38]. 
The NF-κB signaling pathway inhibited the 
apoptosis of DLBCL cells, thereby reducing the 
chemo-sensitivity of the tumor cells [39]. Due 
to the significant heterogeneity of DLBCL and 
the undesirable clinical treatment, identifying 

Figure 5. Genetic alterations of XPO1 in DLBCL (TCGA, provisional). Genetic alterations in XPO1, including amplifica-
tion, mRNA upregulation, and missense mutations, were identified in DLBCL using OncoPrint from cBioPortal (www.
cbioportal.org). Annotation: DLBCL, diffuse large B-cell lymphoma; XPO1, exportin-1; TCGA, The Cancer Genome 
Atlas.

Figure 6. Connection between the XPO1 mRNA level and the clinical stage in 
DLBCL (TCGA, provisional). The log2 mRNA expression levels from RNA Seq 
V2 RSEM were downloaded from TCGA data. The Plot figure was drawn using 
cBioPortal (www.cbioportal.org) to show the connection between mRNA ex-
pression and the clinical stage (P > 0.05). Annotation: DLBCL, diffuse large 
B-cell lymphoma; XPO1, exportin-1; TCGA, The Cancer Genome Atlas.

found between XPO1 and gen-
der, extranodal involvement, 
clinical stage, ECOG, or the 
therapeutic model (P > 0.05). 
The single factor analysis re- 
vealed that increased XPO1 
expression was most likely a 
sign of a poor prognosis, but 
no statistical significance was 
observed (OS P = 0.159, DFS 
P = 0.139, Figure 8). No inde-
pendent factors that might 
affect the DLBCL prognosis 
were found in the Cox regres-
sion analysis. The gene net-
work illustrated the interac-
tion between XPO1 and other 
genes in DLBCL (Figure 9). 
Moreover, the network showed 
the molecular targeting drug 
for XPO1 (Compound 7d-cis), 
which has not been approved 
by the FDA. 

Discussion 

Recent studies on biomarkers 
of DLBCL and its prognosis 
have attracted attention. De- 
kker [36] found that FOXP1 
affected the growth of DLBCL 
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Figure 7. Relationship between XPO1 alterations and survival in DLBCL (TCGA, provisional). A. Overall survival (OS): 
two out of 9 cases with alterations resulted in death, and the median survival time was 116.72 months. Seven out 
of 38 cases without alterations resulted in death, and the median survival time was 211.07 months; B. Disease-
free survival (DFS): one of the 8 cases with alterations relapsed, and the median time of DFS was 120.53 months, 
whereas 11 of the 35 cases without alterations relapsed. Survival was analyzed using the Kaplan-Meier estimate 
provided by cBioPortal (www.cbioportal.org). Annotation: DLBCL, diffuse large B-cell lymphoma; XPO1, exportin-1; 
TCGA, The Cancer Genome Atlas.

Table 4. Relationships between XPO1 expression and clinicopatho-
logical parameters in DLBCL patients in TCGA datasets

Clinicopathological parameters n
XPO1

χ2 P r P
+ -

Gender
    Male 21 10 11 0.180 0.671 -0.062 0.679 
    Female 26 14 12
Age
    > 60 20 15 5 7.982 0.005* 0.412 0.004*
    ≤ 60 27 9 18
Extranodal sites
    < 2 25 13 12 0.239 0.625 -0.139 0.413 
    ≥ 2 12 8 4
Clinical stage
    III-IV 17 9 8 0.034 0.853 0.029 0.857 
    I-II 24 12 12
ECOG PS
    < 2 28 12 16 0.031 0.859 0.141 0.448 
    ≥ 2 3 2 1
IPI score
    3-5 6 6 0 - 0.024* 0.452 0.016*
    0-2 22 10 12
Treatment
    Chemotherapy 22 11 11 - 1.000 0.204 0.350 
    Chemotherapy + radiotherapy 1 0 1
Treatment responses
    CR+PR 21 11 10 0.082 0.775 -0.167 0.425 
    SD+PD 4 3 1
Annotation: XPO1, exportin-1; DLBCL, diffuse large B-cell lymphoma; TCGA, The 
Cancer Genome Atlas; ECOG PS, Eastern Cooperative Oncology Group performance 
status; IPI, International Prognostic Index; CR, complete remission; PR, partial remis-
sion; SD, stable disease; PD, progressive disease; *P < 0.05.

key biological factors and 
seeking individualized treat-
ment strategies are urgent 
issues.

Current studies have dem-
onstrated that XPO1 is in- 
volved in the oncogenesis 
and progression of multiple 
tumors. High XPO1 expres-
sion was observed in kidney 
cancer, and inhibition of 
XPO1 resulted in the death 
of cancer cells and upregu-
lation of p53 and p21 [40]. 
An XPO1 inhibitor had a sup-
pressing effect on the prolif-
eration of prostate cancer 
cells and induced apopto-
sis; the inhibitor also pre-
vented the nuclear export of 
FOXO and p53 [41]. In addi-
tion, XPO1 prevented the 
apoptosis of tumor cells in 
acute leukemia [22, 42], 
and its overexpression pre-
dicted a negative prognosis. 
Because XPO1 functions as 
a prognostic marker for vari-
ous tumors, the develop-
ment of inhibitors of this 
protein has been increas-
ing; in particular, pre-clinical 
studies on mantle cell lym-
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Figure 8. Survival comparison between DLBCL patients from TCGA datasets with low and high XPO1 expression 
levels (TCGA, provisional). A: Overall survival (OS); B: Disease-free survival (DFS). Annotation: DLBCL, diffuse large 
B-cell lymphoma; XPO1, exportin-1; TCGA, The Cancer Genome Atlas.

Figure 9. Drugs targeting specific gene networks related to XPO1 in DLBCL (TCGA, provisional). The gene network for 
XPO1 in DLBCL was drawn using cBioPortal (www. cbioportal.org). Circles indicate genes, and hexagons represent 
drugs. XPO1 is targeted by Compound 7d-cis, which has not been approved by the FDA. Annotation: DLBCL, diffuse 
large B-cell lymphoma; XPO1, exportin-1; TCGA, The Cancer Genome Atlas; FAD, Food and Drug Administration.
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phoma showed great potential value for XPO1 
research [43]. Inhibitors of XPO1 prohibited the 
proliferation of NHL cells and induced their 
apoptosis by down-regulating anti-apoptotic 
proteins, such as Survivin and NF-κB [42, 44]. 
However, research on the clinical significance 
and mechanism of XPO1 in DLBCL is lacking. 

To explore the clinical role of XPO1 in DLBCL, 
we applied immunohistochemistry to detect 
XPO1 expression. We found that XPO1 was 
overexpressed in DLBCL tissue, which was con-
sistent with the results of Zhou’s study [30]. 
Additionally, XPO1 overexpression was related 
to an advanced clinical stage and a high IPI 
score. Currently, IPI is the most frequently used 
index for assessing the prognosis of DLBCL 
patients. The index is critical for the determina-
tion of the prognosis and clinical therapeutics, 
although it has failed to completely assess 
patients’ statuses [11]. Univariate survival 
analysis indicated that high XPO1 expression 
was a poor prognostic factor for DLBCL because 
the OS and PFS were longer in the low XPO1 
expression group. In the chemotherapy group, 
XPO1 exerted more remarkable effects on the 
prognosis, possibly because the patients had 
quicker progression and higher mortality with-
out chemotherapy; thus, XPO1 expression had 
little impact on the prognosis. Conversely, anal-
ysis of both groups (the 131 DLBCL patients 
and the 78 patients receiving chemotherapy) 
revealed that a poor prognosis was associated 
with a non-GCB subtype, high LDH level, high 
Bcl-2 expression, Ann Arbor stages III-IV, and a 
risky IPI score. Similar results were found in 
previous studies [9, 11], validating our research. 
The multivariate survival analysis revealed that 
XPO1 was an independent prognostic factor for 
DLBCL and has the potential of becoming a 
clinical prognostic indicator for DLBCL. In the 
TCGA datasets, high XPO1 expression in DLBCL 
was connected with an elderly age and a dan-
gerous IPI score, while high XPO1 expression 
was a possible sign of a poor prognosis, 
although the association was not significant. 
Our results were in agreement with the TCGA 
data, but there were some minor differences 
that might be attributed to the small sample 
size or incomplete case information in the data. 
Moreover, fluorescent in situ hybridization 
(FISH) or polymerase chain reaction (PCR) were 
used for XPO1 mRNA detection in the TCGA, 
whereas in our study immunohistochemistry 

was applied for protein detection. XPO1 might 
be a more powerful protein, but the clinical sig-
nificance of XPO1 in DLBCL still needs to be 
demonstrated in larger numbers of studies. In 
the TCGA, we found XPO1 mutations in DLBCL, 
although they had no relationship with progno-
sis. Camusa [45] employed second-generation 
sequencing and digital PCR to evaluate DLBCL 
tissues and peripheral blood-related cytokines 
and found abnormal XPO1 expression. Similarly, 
Mareschal [46] used whole-exome sequencing 
for relapsed/refractory patients with DLBCL 
and observed XPO1 mutations. The XPO1 data 
in the TCGA and the network of related genes in 
DLBCL provide a basis for future research, 
although the mechanism of XPO1 in DLBCL 
needs to be ascertained experimentally.

Several studies have investigated the patho-
genic mechanism of XPO1 in tumors. Kajiyama 
[47] demonstrated that XPO1 regulated the 
epithelial-mesenchymal transition (EMT) path-
way in ovarian cancer, reducing cellular polarity 
and adhesion and thereby accelerating the infil-
tration and transfer of tumor cells. An XPO1 
inhibitor suppressed the activation of the IGF-
1R/AKT pathway by upregulating insulin-like 
growth factor-binding protein 5 (IGFBP5) in lipo-
sarcoma [48]. The tumor suppressor proteins 
FOXO, p53, and p27, which perform nucleo-
cytoplasmic shuttling, play tumor-suppressive 
roles in the nucleus; a large proportion of tumor 
suppressor proteins were transported out of 
the nucleus when XPO1 was overexpressed, 
which promoted tumor cell proliferation [19, 
40]. XPO1 inhibitors down-regulated NF-κB 
expression and upregulated p53 expression in 
NHL cells [42]. Additionally, XPO1 inhibitors pre-
vented the nuclear export of NF-κB-IκBα and 
prohibited NF-κB signaling in primary mediasti-
nal B-cell lymphoma (PMBCL), hence inducing 
tumor cell apoptosis [46]. Zhou [30] found that 
XPO1 participated in the occurrence and  
progression of DLBCL in cooperation with 
NF-κBp50. Moreover, XPO1 regulated the PI3K-
Akt pathway, which facilitated the proliferation 
of mantle cell lymphoma and prevented apop-
tosis [49]. However, because there has been 
limited research investigating XPO1 in DLBCL, 
determining its specific mechanism of action 
requires further exploration. 

In conclusion, XPO1 protein expression was 
higher in DLBCL than in non-tumor lymphoid 
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tissues. XPO1 overexpression was associated 
with an advanced clinical stage and a poor IPI 
score and was associated with a poor DLBCL 
prognosis. Additionally, the detection of XPO1 
expression in DLBCL tissues could help achieve 
a better assessment of the patient’s condition 
and prognosis and provide evidence for the 
clinical diagnosis and treatment of DLBCL.
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