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Overexpression of microRNA-130a predicts adverse prognosis
of primary gastrointestinal diffuse large B-cell lymphoma
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Abstract. Primary gastrointestinal diffuse large B-cell
lymphoma (PGI-DLBCL) is a highly heterogeneous type of
non-Hodgkin lymphoma. A number of studies have demon-
strated that microRNA-130a (miR-130a) serves a role in the
tumorigenesis and prognosis of numerous human tumors.
However, to the best of our knowledge, the prognostic signifi-
cance of miR-130a in PGI-DLBCL remains unknown. The
present study explored the association between miR-130a
and the clinical outcomes of PGI-DLBCL. Relative miR-130a
expression was assessed by reverse transcription-quantitative
PCR. Immunohistochemistry was used to detect expression
levels of BCL-2,c-MYC, neprilysin, B-cell lymphoma 6 protein,
PWWP domain-containing DNA repair factor 3A and prolifer-
ation marker protein Ki-67. A receiver operating characteristic
curve was constructed to analyze the specificity and sensitivity
of microRNA levels in the diagnosis of PGI-DLBCL. Survival
curves were constructed using the Kaplan-Meier method. In
the present study, miR-130a expression was notably higher
in patients with PGI-DLBCL compared with in the controls
(P<0.0001). miR-130a overexpression was closely associated
with a high International Prognostic Index score (3-5) and drug
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resistance (P=0.017 and P=0.044, respectively). No significant
difference in other clinical features was observed. Patients
with increased expression levels of miR-130a had lower overall
survival [hazard ratio (HR), 2.998; 95% CI, 1.347-6.673;
P=0.007] and progression-free survival (HR, 3.325; 95% ClI,
1.488-7.429; P=0.003) compared with patients who had lower
expression levels of miR-130a. Furthermore, multivariate Cox
regression analysis suggested that miR-130a was a negative
prognostic parameter in PGI-DLBCL. Therefore, upregula-
tion of miR-130a could become a potential prognostic marker
for PGI-DLBCL. Additionally, further study of these results
may have important guiding significance for the prognosis of
patients with PGI-DLBCL in the clinical setting.

Introduction

Gastrointestinal (GI) lymphoma is the most common type of
extranodal lymphoma, accounting for 5-20% of all cases (1,2).
Nevertheless, primary GI lymphoma is an uncommon malig-
nancy that constitutes only 1-4% of GI malignancies (3).
Primary GI lymphoma is likely to originate within the whole
GI tract; however, the most common site of involvement is the
stomach, followed by the small intestine (4). Diffuse large B-cell
lymphoma (DLBCL) is the major histopathological subtype
of primary GI lymphoma (3). In addition, the incidence of
non-Hodgkin's lymphoma (NHL) increased by ~1-2% annually
in the 1990s (5). The clinical manifestations of PGI-DLBCL
are not obvious, thus PGI-DLBCL is easily misdiagnosed and
can be difficult to detect in the early stages of the disease (6).
The precise oncogenesis of PGI-DLBCL remains largely
unclear. However, there are associated risk factors. Previous
studies have described that Helicobacter pylori (H. pylori),
human immunodeficiency virus or Epstein-Barr virus infec-
tions, as well as inflammatory bowel disease, celiac disease
and autoimmune diseases may be associated with the onco-
genesis of PGI-DLBCL (7,8). Additionally, genetic changes
also serve a crucial role in the tumorigenesis of PGI-DLBCL.
For example, the dysregulation of microRNAs (miRNAs) may
participate in the pathogenesis of DLBCL, and some specific
miRNAs are likely to serve as oncogenes and these are associ-
ated with the prognosis in patients with DLBCL (9). Due to the
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relative rarity of this disease, only a small number of studies
have been performed in patients with PGI-DLBCL (7,10).
Therefore, disease management in patients with PGI-DLBCL
remains a challenge, and progress should be made to investi-
gate the pathogenesis and optimal treatment approaches for
PGI-DLBCL.

miRNAs belong to an extensive cluster of short, endogenous
and single-stranded noncoding RNAs (18-22 nucleotides long),
exerting a major role in post-transcriptional gene expression
regulation (11). A previous study has demonstrated that miRNAs
have a modulating effect upon diverse biological pathways,
including cell proliferation, differentiation, motility, apoptosis
and drug resistance (12). According to diverse miRNA targets,
miRNAs have been demonstrated to be novel oncogenes or tumor
suppressor genes. For example, upregulation of miR-30a-5p
was demonstrated to significantly inhibit cell proliferation and
migration in breast cancer (13,14). Furthermore, miR-15a and
miR-16-1 were frequently downregulated in chronic lympho-
cytic leukemia (15). The dysregulation of miR-155, miR-210,
miR-21 expression has been detected in DLBCL and miR-21
has been revealed to have diagnostic and prognostic potential
in patients with DLBCL (16). The aberrant expression of
miR-130a, located on human chromosome 11, has been found to
participate in cancer pathogenesis and tumor progression (17).
Additionally, miR-130a expression seems to vary in different
tumors, including a series of solid and hematological malignan-
cies. For instance, miR-130a levels are upregulated in gastric
cancer, esophageal carcinoma, adult T cell leukemia, acute
myeloid leukemia and DLBCL, whereas miR-130a levels are
downregulated in hepatocellular carcinoma cells and chronic
lymphocytic leukemia (18-24). Furthermore, accumulating
evidence indicates that aberrant expression of miR-130a has
treatment and prognostic potential in DLBCL (22,25). However,
to the best of our knowledge, the association between miR-130a
expression and clinical outcomes in PGI-DLBCL has not yet
been examined. Therefore, focusing on miR-130a may provide
novel insights into the diagnosis, treatment and prognosis of
PGI-DLBCL. The primary goal of the present study was to
investigate the clinical significance of miR-130a expression in
patients with PGI-DLBCL.

Materials and methods

Study subjects. Tumor tissues from 80 patients with
PGI-DLBCL were collected through surgical resection or
endoscopic biopsy at the Tianjin Medical University Cancer
Institute and Hospital (Tianjin, China) between January 2011
and December 2015. During the same time period, reactive
lymphoid tissue samples were collected from 20 females and
26 males (median age, 56 years; age range 36-68 years) with
the same geographical and ethnic backgrounds to be used as
controls. Each tissue sample was frozen in liquid nitrogen
and then stored at -80°C until further processing. The entire
experiment was approved by Tianjin Medical University
Cancer Institute and Hospital Ethics Committee and each
individual signed written informed consent for participating
in the entire study.

Staging and diagnostic procedures. According to the World
Health Organization (WHO) classification system for

hematological malignancies (26), each patient had a pathologi-
cally confirmed diagnosis of PGI-DLBCL. Cases with stomach
perforation and intestinal perforation were excluded from the
study. Patients were staged according to the Lugano staging
system (27), which was revised from the Ann Arbor staging
system for GI non-Hodgkin lymphoma. The staging system
consisted of the patients' medical history, B symptoms (fever,
night sweats and weight loss), Eastern Cooperative Oncology
Group (ECOG) performance status (score 0-1 defined as a good
performance status in the present study), a medical examina-
tion, barium meal examination or an endoscopy, a biopsy or a
gastrectomy, a bone marrow biopsy, blood routine examination,
blood biochemical profile, abdominal ultrasound and computed
tomography (CT) or positron emission tomography-computed
tomography scans of the neck, thorax, abdomen and pelvis.
The ECOG score is an indicator of a patient's general health
status and tolerance to treatment based on their physical
strength. ECOG Physical Fitness rating scale scores patients
from 0-5 points (28). Low levels of hemoglobin were defined
as <120 g/l in males and <110 g/l in females and high levels
of lactate dehydrogenase (LDH) were defined as >245 U/I. All
patients were grouped according to clinical characteristics, such
as age, sex, origin, B symptoms, ECOG performance status,
Lugano staging system (27), pathological type, LDH level,
International Prognostic Index (IPI) score (score 0-2 defined as
low IPI group in the present study) and chemotherapy response.
The IPI scores patients according to poor prognostic factors
including age >60 years, high LDH level, ECOG =2, clinical
staging of II or IV and =2 extranodal sites (29). The clinical
characteristics and histological features of the cohort of patients
with PGI-DLBCL are shown in Table I.

Treatment. All patients received two treatment methods,
including surgery and chemotherapy. In general, surgery was
intended to remove tumor tissues and obtain pathologic tissues.
None of the patients received treatment prior to the operation,
including chemotherapy, radiotherapy and other treatment.
All patients received a standard-dose CHOP regimen [cyclo-
phosphamide (750 mg/m?, day 1); doxorubicin (50 mg/m?,
day 1); vincristine (1.4 mg/m?, day 1); and prednisone (100 mg,
days 1-5)] or R-CHOP regimen [rituximab (375 mg/m?, day 0);
cyclophosphamide (750 mg/m?, day 1); doxorubicin (50 mg/m?,
day 1); vincristine (1.4 mg/m?, day 1); and prednisone (100 mg,
days 1-5)] and these were administered for 6-8 cycles (21 days
each). Resistance to R-CHOP regimen was defined as patients
who had no response to chemotherapy or disease progres-
sion during treatment, or patients who had relapsed after
achieving complete or incomplete response within 3 months
after completing the treatment (22). Patients who were resistant
to chemotherapy continued to receive second-line treatment,
including DHAP (dexamethasone, cisplatin and cytarabine);
ESHAP (etoposide, methylprednisolone, cisplatin and cyta-
rabine); GemOx (gemcitabine and oxaliplatin); DA-EPOCH
(etoposide, doxorubicin, vincristine, cyclophosphamide and pred-
nisone); + rituximab. Treatment outcome was assessed according
to the International Working Group response criteria (30). At the
end of every two cycles of chemotherapy (cycles 2, 4, 6 and 8),
the efficacy of the treatment was re-evaluated. In addition, after
treatment, regular inspections were conducted every 3 months
for the first year, every 6 months for the next year and once a year
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Table I. Clinicopathological features of 80 patients with
PGI-DLBCL.

Characteristics Number (%)
Age, years

<60 45 (56.2)

>60 35(43.8)
Sex

Male 39 (48.8)

Female 41 (51.2)
PGI-DLBCL origin

Stomach 50 (62.5)

Intestinal 30 (37.5)
B symptoms

Positive 26 (32.5)

Negative 54 (67.5)
ECOG performance status

0-1 58 (72.5)

2-5 22 (27.5)
Lugano staging system

I-11 57 (71.3)

[IE-IV 23 (28.7)
Pathological type

Non-GCB 59 (73.8)

GCB 21 (26.2)
LDH levels

Normal 49 (61.2)

Elevated 31 (38.8)
IPI score

0-2 42 (52.5)

3-5 38 (47.5)
Chemotherapy response

Drug sensitivity 52 (65.0)

Drug resistance 28 (35.0)
¢-MYC upregulation

Negative 64 (80.0)

Positive 16 (20.0)
BCL-2 upregulation

Negative 52 (65.0)

Positive 28 (35.0)
Ki-67 proliferation index, %

<70 33 (41.3)

=70 47 (58.7)

ECOG, Eastern Cooperative Oncology Group; GCB, germinal center
B-cell-like; IPI, International Prognostic Index; Ki-67, proliferation
marker protein Ki-67; LDH, lactate dehydrogenase; PGI-DLBCL,
primary gastrointestinal diffuse large B-cell lymphoma.

after five years. These evaluations included routine blood tests
with biochemical examination, chest and abdomen CT scan,
electrocardiogram and ultrasound examination.

RNA extraction and cDNA preparation. Total RNA (1-2 ug)
was extracted from tumor and lymphoid tissues with TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The
concentrations and purity of RNA were confirmed by
NanoDrop 2000 (NanoDrop Technologies; Thermo Fisher
Scientific, Inc.). Subsequently, reverse transcription reactions
were performed at 42°C using a PrimeScript 1st Strand cDNA
synthesis kit (Takara Bio, Inc.) according to the manufac-
turer's protocol. The generated cDNA was stored at -20°C until
further use.

Reverse transcription-quantitative PCR (RT-qPCR). The
generated cDNA was subjected to qPCR amplification with the
CM9600 Sequence Detection System (Bio-Rad Laboratories,
Inc.) and QuantiTect™ SYBR Green RT-PCR Master Mix
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
cycling conditions for the PCR reaction included an initializa-
tion at 96°C for 5 min, followed by 38 cycles of 96°C for 30 sec,
and a final extension at 65°C for 45 sec. All measurements were
performed in triplicate. To standardize miR-130a expression,
U6 was used as an internal control. Therefore, the average Cq
values of miR-130a minus the average Cq values of U6 equals
the AACq values, and 2229 indicated the quantitative expres-
sion levels of miR-130a (31). The primer sequences used in the
present study included: miR-130a forward, 5'"-TTGCGATTC
TGTTTTGTGCT-3' and reverse, 5'-GTGGGGTCCTCAGTG
GG-3"; and U6 forward, 5'-CTCGCTTCGGCAGCAC-3' and
reverse, 5'-ACGCTTCACGAATTTGC-3".

Immunohistochemical (IHC) staining and scoring. For THC
staining, all tissue samples were fixed in 10 % buffered formalin
for 24-48 h at room temperature (RT), embedded in paraffin,
and cut into 4-pm-thick sections. Subsequently, paraffin
sections were incubated at 67°C in the oven for 2 h, followed
by dewaxing in xylene for 10 min and hydration with graded
ethanol (concentration, 100, 95, 80, 70 and 50%) for 5 min.
To block the activity of endogenous peroxidase, 3% hydrogen
peroxide was added to all sections, followed by incubation for
10 min at RT. After washing with PBS, 10% normal goat serum
(Cell Signaling Technology, Inc.) was added for 20 min at RT
as a blocking agent. Then, the slides were incubated with the
following antibodies: c-MYC (1:200; cat no. ab51154; Abcam),
BCL-2 (1:50; cat no. ZM0010), neprilysin (CD10; 1:100; cat.
no. ZM0283;), B-cell lymphoma 6 protein (BCL-6; 1:100; cat.
no. ZM-0011), PWWP domain-containing DNA repair factor
3A (MUMI; 1:100; cat. no. ZA-0583) (all purchased from
OriGene Technologies, Inc.) and proliferation marker protein
Ki-67 (1:100; cat. no. 12202, Cell Signaling Technology, Inc.)
at 4°C overnight. After washing with PBS, the secondary anti-
bodies (100 gl neat; cat. no. PV-6000; OriGene Technologies,
Inc.) were applied to the samples for 20 min at 37°C. Following
this, diaminobenzidine was used for staining, and cell nuclei
were counterstained with hematoxylin for 5 min at RT. The
results were identified as positive when ~30% or more of the
sample was stained. The slice was observed under a light
microscope (magnification, x200) and the results were obtained
with the Image Pro Plus image analysis software version 7.0
(Meyer Instruments, Inc.). All cases were divided, based on
the algorithms of Muris et al (32) and Hans et al (33), into
germinal center B-cell-like (GCB) and non-GCB phenotype.
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Figure 1. Representative immunohistochemical analyses of CD10, BCL-6,
MUM-1, BCL-2, ¢-MYC and Ki-67 in samples from patients with primary
gastrointestinal diffuse large B-cell lymphoma. Scale bar, 100 ym.
Immunostaining for (A) CD10, (B) BCL-6, (C) MUM-I1, (D) BCL-2,
(E) c-MYC and (F) Ki-67 in the GCB subgroup. Immunostaining for (G) CD10,
(H) BCL-6, (I) MUM-1, (J) BCL-2, (K) c-MYC and (L) Ki-67 in the non-GCB
subgroup. GCB, germinal center B-cell like; BCL-6, B-cell lymphoma 6;
MUM-1, multiple myeloma antigen 1; BCL-2, B-cell lymphoma 2.

The staining intensity and the percentage of positive cells
were recorded. Staining intensity was scored as follows: 0, no
staining; 1+, >25% of the tumor cells exhibited weak staining;
2+, tumor cells exhibited moderate staining; and 3+, tumor
cells exhibited strong staining (Fig. 1).

Statistical analysis. Each sample was run in triplicate. All
statistical calculations were performed with the IBM SPSS
Statistics software (version 20.0; IBM Corp.). The GraphPad
Prism software package (version 6.01; GraphPad Software,
Inc.) was used to generate all presented graphics. Data were
presented as mean + SD. The miR-130a levels in patients with
PGI-DLBCL and control individuals were analyzed using the
non-parametric Mann-Whitney U test. Group comparisons
were made using the ¥? test. Receiver operating characteristic
(ROCQ) curves and the area under the ROC curve (AUC) were
determined to evaluate the feasibility of using miRNA levels
for the diagnosis of PGI-DLBCL. The survival curve was
constructed by Kaplan-Meier analysis and log-rank tests were
used to analyze the differences in survival curves. Overall
survival (OS) referred to the period from the date of diagnosis
until death or final follow-up (in March 2019). Progression-free
survival (PFS) referred to the time between the date of diagnosis
and the observation of treatment failure, clinical recurrence
of the disease, death or last follow-up. Significant parameters
identified in univariate analysis (P<0.05) were incorporated

P<0.0001

Relative expression of miR-130a >

PGI-DLBCL
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Figure 2. miR-130a expression and diagnostic significance in the tissues of
patients with PGI-DLBCL and healthy controls. (A) Expression levels of
miR-130a were analyzed by reverse transcription-quantitative PCR analysis.
miR-130a expression in cancer tissues of patients with PGI-DLBCL was
notably higher than that in controls (P<0.0001). (B) Receiver operating char-
acteristic curve analysis of miR-130a expression to discriminate between
tissue specimens from patients with PGI-DLBCL and healthy controls. The
area under the curve was 0.874 with a sensitivity of 60% and a specificity of
78%, suggesting a potential diagnostic value of miR-130a in PGI-DLBCL
(95% C1, 0.816-0.932; P=0.030). miR, microRNA; PGI-DLBCL, primary
gastrointestinal diffuse large B cell lymphoma.

into multivariate Cox regression analysis to determine inde-
pendent prognostic factors. The minimal sample size was
estimated by PASS. An AUC value of miR-130a in DLBCL
reported in a prior study was ~0.7 (22). The minimal sample
size was calculated with an AUCO value of 0.5, AUCI1 of 0.7
and a case/control ratio of 1. P<0.05 was considered to indicate
a statistically significant difference.

Results

Clinical characteristics and immunophenotypic features in
PGI-DLBCL. A total of 80 patients, including 39 men and 41
women with a median age of 53 years, and 46 healthy subjects
were recruited in the present study. The majority of patients
(56.2%) were <60 years old, 31 patients (38.8%) presented with
elevated LDH levels and 26 patients (32.5%) exhibited posi-
tive B symptoms. According to Zubrod-ECOG-WHO (namely
ECOG score) and the Lugano staging system, 58 patients
(72.5%) presented a good performance status (0-1), whereas
23 patients (28.7%) presented with stage IIE/IV (advanced
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Table II. Association between clinical characteristics and miR-130a expression in patients with PGI-DLBCL.

miR-130a expression levels, n

Characteristics No. of patients (%) Low (n=32) High (n=48) P-value

Age, years
<60 45 (56.2) 20 25 0.358
>60 35 (43.8) 12 23

Sex
Male 39 (48.8) 14 25 0.465
Female 41 (51.2) 18 23

PGIDLBCL origin
Stomach 50 (62.5) 21 29 0.637
Intestinal 30 (37.5) 11 19

B symptoms
Positive 26 (32.5) 9 17 0.495
Negative 54 (67.5) 23 31

ECOG performance status
0-1 58 (72.5) 21 37 0.261
2-5 22 (27.5) 11 11

Lugano staging system
I-II 57 (71.3) 21 36 0.364
E-IV 23 (28.7) 11 12

Pathological type
Non-GCB 59 (73.8) 21 38 0.177
GCB 21(26.2) 11 10

LDH
Normal 49 (61.2) 23 26 0.111
Elevated 31 (38.8) 9 22

IPI score
0-2 42 (52.5) 22 20 0.017
3-5 38 (47.5) 10 28

Chemotherapy response
Drug sensitivity 52 (65.0) 25 27 0.044
Drug resistance 28 (35.0) 7 21

ECOG, Eastern Cooperative Oncology Group; GCB, germinal center B-cell-like; IPI, International Prognostic Index; LDH, lactate dehydroge-
nase; miR-130a, microRNA-130a; PGI-DLBCL, primary gastrointestinal diffuse large B-cell lymphoma.

stage) PGI-DLBCL at the time of diagnosis. BCL-6, CD10 and
MUMI1 staining were performed for all cases, and 21 patients
(26.2%) were confirmed with GCB, and 59 patients (73.8%) with
non-GCB. Additionally, low IPI scores (0-2) were identified
in 42 patients (52.5%), and chemotherapy drug resistance was
observed in 28 patients (35.0%). Table I summarizes the base-
line clinicopathological features of patients with PGI-DLBCL.
To examine the difference in miR-130a expression between
the case group and the control group, the recruited 80 patients
and 46 controls were used to perform a case-control study. The
results demonstrated that the expression levels of miR-130a in
tumor tissues from patients with PGI-DLBCL were markedly
increased compared with those of the controls (Fig. 2A). ROC
curves were used to evaluate the sensitivity and specificity of
miR-130a expression levels in discriminating between normal

and tumor tissues. When the optimal cut-off value of miR-130a
was 3.21 and the AUC was 0.874, the optimum sensitivity
and specificity were obtained (60 and 78%, respectively) in
the present study (Fig. 2B). According to this cut-off value,
32 patients were included in the low-miR-130a expression group
(expression Cq value <3.21) and 48 patients were included in the
high-miR-130a expression group (expression Cq value =3.21).

Association between miR-130a expression and the clinical
features of PGI-DLBCL. Clinical information of patients with
PGI-DLBCL, including age, sex, origin, B symptoms, ECOG
score, staging, pathological type, LDH level, IPI score and
chemotherapy response, was collected. Increased levels of
miR-130a were closely associated with high IPI score (P=0.01;
Table II) and drug resistance (P=0.044; Table II), indicating the
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Figure 3. Relative miR-130a expression is associated with clinicopathological features in patients with PGI-DLBCL. miR-130a was significantly increased
in the (A) high IPI subgroup, (B) drug resistance subgroup, (C) BCL-2 protein positive subgroup, (D) c-MYC protein positive subgroup and (E) and BCL-2*/
¢c-MYC* subgroup in the entire cohort of patients with PGI-DLBCL (n=80). IPI, International Prognostic Index; miR, microRNA; PGI-DLBCL, primary

gastrointestinal diffuse large B cell lymphoma.

difference was statistically significant. Nevertheless, no statis-
tical differences were observed in other subgroups based on age,
sex, origin, B symptoms, ECOG score, staging, pathological type
and LDH level in patients with PGI-DLBCL, between the high
and low expression of miR-139a groups. When investigating the
association between the expression levels of miR-130a and high
IPI score (3-5) and drug resistance, the relative expression of
miR-130a was found to be significantly higher in IPI score (3-5)
and drug resistance groups compared with their respective
controls, IPI score (0-2) and drug sensitivity (Fig. 3A and B).

IHC findings. As shown in Table I11I, there were 28 cases (35.0%)
with BCL-2 positive staining, 16 cases (20.0%) with c-MYC

overexpression and 47 cases (58.7%) with high Ki-67 positive
staining. The co-expression of BCL-2 and c-MYC proteins in
DLBCL is known as ‘double-expression’ lymphoma (34,35), and
this was observed in 12 patients in the present study. Additionally,
the overexpression of BCL-2 and c-MYC were associated with
increased expression levels of miR-130a (Fig. 3C and D), and
co-expression of BCL-2 and c-MYC showed a significant asso-
ciation with higher miR-130a levels (Fig. 3E).

Survival and prognostic analysis. Upregulation of miR-130a
was associated with shorter OS rate and PFS rate in patients
with PGI-DLBCL (Fig. 4A and B). As shown in Table IV, the
univariate analysis suggested overexpression of miR-130a
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Table III. Association between IHC markers and miR-130a expression in primary gastrointestinal diffuse large B-cell lymphoma.

miR-130a expression levels

IHC markers No. of patients (%) Low (n=32) High (n=48) P-value
¢-MYC upregulation
Negative 64 (80.0) 30 34 0.012
Positive 16 (20.0) 2 14
BCL-2 upregulation
Negative 52 (65.0) 28 24 0.001
Positive 28 (35.0) 4 24
Ki-67 proliferation index
<70% 33 (41.3) 17 16 0.078
=70% 47 (58.7) 15 32

IHC, immunohistochemical; Ki-67, proliferation marker protein Ki-67; miR-130a, microRNA-130a.

Table I'V. Univariate analysis of the significance of different prognostic variables for primary gastrointestinal diffuse large B cell

lymphoma.
Overall survival Progression-free survival

Variables HR (95% CI) P-value HR (95% CI) P-value
Age (=60 vs.>60 years) 1.110 (0.521-2.362)  0.787  1.030 (0.483-2.196)  0.940
Sex (male vs. female) 0.847 (0.406-1.769)  0.659  0.770 (0.369-1.606)  0.485
Origin (stomach vs. intestinal) 1.555(0.746-3.243)  0.239  1.605 (0.772-3.334)  0.205
B symptoms (positive vs. negative) 0.704 (0.311-1.593) 0400 0.733 (0.324-1.659) 0.455
ECOG (0-1 vs. 2-4) 1.569 (0.747-3.299) 0.234  1.630(0.773-3.440)  0.199
Lugano stage (I-1I vs. I[IE-IV) 0.877(0.386-1.994) 0.754  0.854 (0.376-1.936)  0.705
Pathological type (non-GCB vs. GCB) 0.588 (0.249-1.391)  0.227  0.657 (0.279-1.548)  0.337
LDH (normal vs. elevated) 1.835(0.884-3.810)  0.103  1.983(0.954-4.123)  0.067
IPI (0-2 vs. 3-5) 2.170 (1.034-4551) 0.040 2.231(1.059-4.701) 0.035
Chemotherapy response (drug sensitivity vs. drug resistance) 0.719 (0.317-1.631) 0430  0.830 (0.367-1.878)  0.654
¢c-MYC (positive vs. negative) 1469 (0.552-3904) 0441  1.793 (0.659-4.876)  0.253
BCL-2 (positive vs. negative) 1.289 (0.607-2.740)  0.509  1.461 (0.687-3.108) 0.324
BCL-2/c-MYC co-expression (BCL-2*/c-MYC" vs. others) 1.111 (0.449-2.751) 0.820 1.218 (0.494-3.001) 0.669
Ki-67 index (<70 vs. =70%) 1.398 (0.659-2.966)  0.383  1.346 (0.635-2.854) 0.439
miR-130a expression (low vs. high) 2998 (1.347-6.673)  0.007  3.325(1.488-7.429) 0.003

ECOG, Eastern Cooperative Oncology Group; GCB, germinal center B-cell-like; HR, hazard ratio; IPI, International Prognostic Index; LDH,
lactate dehydrogenase; miR-130a, microRNA-130a; others, including BCL-2*/c-MYC", BCL-2/c-MYC* and BCL-2/c-MYC'.

and high IPI score were associated with unfavorable patient
outcomes. All other analyzed parameters exhibited no prog-
nostic significance. Multivariate survival analysis indicated
that miR-130a expression was an independent negative prog-
nostic factor in PGI-DLBCL (Table V).

Discussion
Primary GI lymphoma is a malignant tumor which gradu-

ally infiltrates the alimentary tract. The IPI score is used to
predict the prognosis of patients with DLBCL aggressive

lymphoma and includes five clinical parameters (age, ECOG
score, clinical staging, LDH levels and the number of sites
of extranodal invasion) (7). However, the IPI evaluation
system only contains some clinical features, dismissing the
molecular biology of cancer. Therefore, novel biomarkers
should be explored to improve the assessment of the prognosis
of PGI-DLBCL. Increasing evidence indicates that miRNAs
are closely associated with the pathogenesis and prognostic
significance of diverse types of cancer, including DLBCL.
For example, miR-155 is overexpressed in DLBCL cells and
has emerged as a negative prognostic marker (36). In addition,
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Table V. Multivariate analysis of the significance of independent prognostic variables for primary gastrointestinal diffuse large

B cell lymphoma.

Overall survival

Progression-free survival

Variables HR (95% CI) P-value HR (95% CI) P-value
IPI (0-2 vs. 3-5) 1.479 (0.654-3.342) 0.347 1.379 (0.596-3.188) 0.453
miR-130a expression (low vs. high) 2.516 (1.046-6.052) 0.039 2.828 (1.143-6.994) 0.024

HR, hazard ratio; IPI, International Prognostic Index; miR-130a, microRNA-130a.
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Figure 4. Upregulation of miR-130a is associated with poor prognosis
in patients with primary gastrointestinal diffuse large B cell lymphoma.
(A) Overall survival and (B) progression-free survival times in the high
miR-130a expression subgroup were shorter than those in the low miR-130a
expression subgroup. miR, microRNA.

reduced miR-34a expression in DLBCL acts as a tumor
suppressor (37,38). Interestingly, previous studies have demon-
strated that miR-130a serves a vital role in the tumorigenesis
of numerous hematological malignancies, including chronic
lymphocytic leukemia (24), acute myeloid leukemia (21) and
adult T cell leukemia (20). However, miR-130a expression in
PGI-DLBCL still requires further research.

In the present study, miR-130a expression in the tumor
tissues from patients with PGI-DLBCL and control subjects
was evaluated by RT-qPCR. The results revealed signifi-
cantly higher miR-130a expression in PGI-DLBCL tissues

compared with the control tissues, suggesting that miR-130a
may be a potential diagnostic factor of PGI-DLBCL. In
addition, the data indicated that miR-130a expression was
associated with high IPI score and chemotherapy resistance.
Several studies have indicated that miR-130a has a modu-
lating effect on chemotherapy drug resistance in diverse types
of cancer, including ovarian cancer (39), lung cancer (40),
liver cancer (41) and DLBCL (42). Furthermore, Yuan et al
(22) reported that higher levels of miR-130a and miR-125b in
patients with DLBCL treated with R-CHOP had an adverse
effect on disease remission and chemosensitivity. Similar
results have been reported in other cancer types, including
hematologic malignancies, where miR-130a has the potential
toregulate drug susceptibility by activating the Wnt/-catenin
and PI3K/AKT/mTOR signaling pathways (17,41,42). As
aforementioned, in the present study, miR-130a was likely
to be associated with chemotherapy drug resistance in
PGI-DLBCL. However, the potential mechanism remains to
be elucidated, as there was no adequate evidence showing that
miR-130a induces drug resistance by activating a particular
signaling pathway in PGI-DLBCL.

BCL-2 and ¢c-MYC serve crucial roles in the pathogen-
esis of DLBCL (43,44). The constitutive activity of NF-kB
results in the upregulation of numerous NF-kB target genes,
including MYC and BCL-2 (45,46). Furthermore, some
miRNAs may have an effect on NF-kB expression, whereas
NF-kB can transcriptionally modulate miR-130a expres-
sion (47,48). In addition, the elevated expression of c-MYC
might control miR-130a upregulation, which could be regu-
lated by product c-MYC (namely the c-MYC protein encoded
by exons 2 and 3), forming complex regulatory loops (49-51).
In the present study, data demonstrated that BCL-2 positive
and c-MYC positive were associated with high expression
levels of miR-130a, which, considering the aforementioned
observations, suggests that miR-130a might be involved in
regulating BCL-2 and c-MYC expression. Previous studies
have reported that patients with BCL-2*, c-MYC* or BCL-2*/
c-MYC* have a worse prognosis compared with patients
with BCL-2", c-MYC" or others (including BCL-2/c-MYC*,
BCL-2*/c-MYC and BCL-2/c-MYC) in patients with DLBCL
or PGI-DLBCL (7,34,43,45,52). However, in the present
study, data suggested that BCL-2 and c-MYC expression or
co-expression of both, along with high Ki-67 index were not
associated with prognosis in PGI-DLBCL. Therefore, addi-
tional investigations are required to elucidate the association
between BCL-2, c-MYC and their co-expression and the
prognosis of patients with PGI-DLBCL.
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The association between miR-130a expression and
the prognosis of various types of cancer has been investi-
gated. Increased miR-130a expression in gastric cancer is
associated with inferior OS (53), and increased miR-130a
expression in non-small cell lung cancer is associated with
an unfavorable prognosis (54). In the present study, patients
with high miR-130a levels had poor outcomes compared with
those with low miR-130a levels. Additionally, multivariate
analyses adjusting for known factors indicated that miR-130a
was an independent prognostic factor for OS and PFS
rates. This result is consistent with a previous study where
miR-130a and miR-125b were identified as potential novel
biomarkers for assessing treatment response and predicting
survival of patients with DLBCL (22). Nevertheless, the
mechanism of the potential relationship between increased
miR-130a expression and poor prognosis remains unclear.
However, previous studies have revealed that aberrant
miR-130a expression increases DNA methylation resulting in
promoter silencing, and the overexpression of DNA methyl-
transferase 1 is associated with adverse prognosis in patients
with PGI-DLBCL (24,55,56). Overall, these results indicated
that miR-130a overexpression could be a promising predictor
of poor prognosis for PGI-DLBCL. In the future, miR-130a
expression might become a useful clinical tool to predict
patient survival and guide therapeutic strategies.

There are a number of limitations to the present study.
Firstly, there was a limited number of samples used, which
is partly due to the relative rarity of PGI-DLBCL. However,
the minimal sample size computed by PASS software was 41
patients and 41 controls, which indicated that the used sample
size in the present study was suitable for preliminary explo-
ration. In addition, the present findings may provide a basis
for further experiments to validate the expression and role
of miR-130a in a larger cohort of patients with PGI-DLBCL.
Secondly, the association between drug resistance and the
overexpression of miR-130a only showed a significance of
0.044. However, there is evidence showing that miR-130a
has an impact on the resistance to chemotherapeutic drugs
in various types of cancer, including DLBCL (22). Therefore,
the low significance described in the present study might
be partially attributed to the relatively limited sample size.
Therefore, larger sample size studies are required to validate
the results. Finally, miR-130a expression levels were assessed
by RT-qPCR which is a relative quantification approach with
reduced accuracy compared with digital PCR (57,58) which is
an absolute quantitative technique for nucleic acids. Therefore,
digital PCR may be more adequate for further studies and
validation of the present findings.

In conclusion, the present data suggest that miR-130a
levels can distinguish patients with PGI-DLBCL from healthy
individuals, which might be a potential diagnostic marker
for PGI-DLBCL. Furthermore, high miR-130a expression
may represent a potential novel biomarker for the prognosis
of PGI-DLBCL. This finding might be used in daily clinical
work and provide novel therapeutic options for patients with
PGI-DLBCL.
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