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Abstract It has been demonstrated that aberrant expres-
sion of microRNAs (miRNAs) is strongly associated with
carcinogenesis. Recently, specific miRNAs may serve as
potential biomarkers for the diagnosis and prognosis of
various types of tumor. MiR-23a is known to play impor-
tant role in the development of cancers and deregulated in
various hematological malignancies. The aim of the pres-
ent study is to explore miR-23a as potential diagnostic and/
or prognostic marker of diffuse large B-cell lymphoma
(DLBCL). We compared the expression level of miR-23a
in DLBCL patients (n = 104) and reactive lymph nodes as
controls (n = 28) from formalin-fixed, paraffin-embedded
tissues using quantitative reverse transcription-polymerase
chain reaction. The expression level of miR-23a was sig-
nificantly higher in DLBCL patients than in controls
(P = 0.001). No significant association was observed
between the miR-23a expression level and clinical features
such as age, gender, Ann Arbor stage, performance status,
lactate dehydrogenase, extranodal sites and International
Prognostic Index score (IPI). Kaplan—Meier analysis
showed that higher expression level of miR-23a was sig-
nificantly associated with a poor overall survival (OS) in
DLBCL patients (log-rank test, P = 0.029), and multivar-
iable Cox regression revealed the expression of miR-23a
(adjusted P = 0.034) and IPI (adjusted P = 0.021) was
independently associated with OS. To our knowledge, we
provide here the first evidence that miR-23a may represent
a diagnostic and prognostic marker for DLBCL. DLBCL
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patients with a high expression level of miR-23a had a
shorter OS than patients with a lower expression level.
Further investigation of the changes may be of prognostic
significance in clinical practice.
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Introduction

MicroRNAs (miRNAs) are a class of small (~22 bp)
endogenous, single-stranded noncoding RNAs, which
modulate gene expression through binding to the 3’-UTR
of the target mRNA, thus resulting in translational
repression or degradation [1]. miRNAs orchestrate various
cellular functions and play key roles in many biologic
processes, including haematopoiesis developmental timing,
cell proliferation, cell differentiation, apoptosis and cancer
development [2-4], and they are frequently located at
fragile sites or cancer-associated genomic regions, such as
breakpoint regions in chromosome aberrations involving
oncogenes or tumor-suppressor genes, minimal regions of
loss of heterozygosity, and minimal regions of amplifica-
tion [5]. miRNAs are proposed to play a direct role in
oncogenesis, as they may serve as oncogenes Or tumor
suppressors [6]. Concordantly, miRNA expression dereg-
ulation has also been described in many types of cancer and
been demonstrated to have diagnostic, prognostic and
therapeutic potential in cancer [7-9].

The most common adult lymphoma is diffuse large
B-cell lymphoma (DLBCL) which accounts for nearly
40 % of all lymphoid tumors [10]. Gene expression array
technology and immunohistochemical studies demon-
strated that DLBCL can be divided into two distinct
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molecular subtypes: germinal center B-cell-like (GCB) and
non-GCB. Many studies have described altered expression
of miRNAs in the malignant tissue compared with the
corresponding nonmalignant tissues, suggesting that these
miRNAs were involved in lymphomagenesis. Previous
reports suggested that specific miRNAs might be associ-
ated with clinical parameters and outcome in DLBCL
patients and represent as prognostic markers [11, 12].

The miR-23a/24-2/27a is a miRNA cluster which is
located on human chromosome 19p13.2 [13]. Several
studies have demonstrated that members of the cluster are
involved in cell cycle, proliferation, differentiation,
hematopoiesis and cardiac hypertrophy in various cell
types [14—18]. Accumulating evidence indicated that the
miR-23a/24-2/27a cluster may play a causal role in mam-
mary tumorigenesis, and the members of this cluster are
found to have altered expression in many diseased states
[18]. In fact, this cluster was the first downstream miRNA
target implicated in the regulation of myeloid versus
lymphoid cells development of [19]. Recently, expression
of miR-23a has been found to be up-regulated in acute
lymphoblastic leukemia (ALL), acute myeloid leukemia
(AML) [20], cardiac hypertrophy [17], hepatocellular car-
cinoma (HCC) [14] and pancreatic cancer [21]. However,
the expression and role of miR-23a in DLBCL remain to be
explored.

The aim of the present study was to investigate: (1) the
expression status of miR-23a in DLBCL by quantitative
real-time polymerase chain reaction (QRT-PCR), (2) the
association of miR-23a with clinical features and outcome
of the patients and (3) whether miR-23a can be treated as a
predictive marker of progression-free survival (PFS) or
overall survival (OS) in patients with DLBCL. In the past
few years, we have collected 104 cases of DLBCL with
clinical follow-up information. We conducted the present
study to analyze the expression of miR-23a in archived
formalin-fixed, paraffin-embedded (FFPE) lymph node
specimens. These findings may help us to improve the
understanding of the biologic function of miR-23a in
DLBCL and provide prospective candidate targets for the
treatment of human DLBCL.

Materials and methods
Study subjects

A total of 104 patients diagnosed with DLBCL and 28
individuals with reactive lymph nodes as controls were
enrolled in this study. All the FFPE lymph node specimens
are obtained between 2008 and 2012 from the Pathology
Department of First Affiliated Hospital of Xinxiang Med-
ical University, Zhengzhou, Henan. None of these controls
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Table 1 The main clinical characteristics of patients and controls

Characteristic Patients with DLBCL Controls
(n = 104) (n = 28)
Age (range), year (17-85) (32-72)
Median 55 48
Mean 54.4 51.7
<60 63 19
>60 41 9
Gender
Male 58 17
Female 46 11
Stage
I 22
I 23
1 28
v 31
Performance status
0 10
1 43
2 24
3 21
4 6
LDH
Normal 75
High 29
Extranodal sites
0-1 66
>1 38
IPI
0 7
1 29
2 31
3 22
4 14
5 1

had been diagnosed with any types of malignancy previ-
ously. The controls were unrelated ethnic Han Chinese.
The DLBCL diagnosis was made independently by three
senior pathologists on the basis of morphology, immuno-
phenotypic and molecular findings in accordance with the
World Health Organization classification criteria. The Ann
Arbor Staging System was used to determine disease stage.
Details of clinical, histopathologic parameters, immuno-
phenotypic findings and follow-up data about these patients
were retrieved from medical records, pathology reports and
referring clinicians. The main clinical characteristics of
DLBCL patient details are summarized in Table 1. Sample
collection and analysis were conducted after informed
consent. The study protocol was performed under the
supervision of the Institutional Review Board (IRB).
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Immunohistochemical staining

DLBCL cases were classified as GCB- or non-GCB-type
by immunohistochemistry. Monoclonal antibodies includ-
ing CD10, CD20, CD3, CD7, CD79a, BCL6 and Ki67 were
used for tumor immunotypes. Appropriate positive and
negative controls were run concurrently. All the antibodies
were purchased from Dako company and were used in
accordance with manufacturer’s protocols. The expression
of each immunohistochemistry marker was determined
according to cutoff level for each marker based on the
intensity of staining and the percentage of positive results
by three senior pathologists.

RNA preparation and cDNA synthesis

Total RNA was extracted from 4 x 20 pym FFPE sections
using the Recoverall kit from Ambion (Huntington, UK)
following the manufacturers’ instructions. The concentrations
of all RNA samples were determined by measurement of the
optical density at 260 nm using NanoDrop 1000 (Nanodrop,
Wilmington, Delaware, USA), and the RNA was stored at
—80 °C until use. Total RNA was exposed to RNAase-free
DNAase I, and cDNA was synthesized using random hexamer
primers and miScript Reverse Transcription Kit (Qiagen,
Germany) according to the manufacturer’s instructions.

Real-time quantitative reverse transcription-PCR

The expression of the miR-23a was undertaken with FFPE
tissues using qRT-PCR. qRT-PCR reaction was carried out
using the TagMan MicroRNA Reverse Transcription Kit on
a LightCycler 480 real-time PCR system an software
(SDSv2.0, Applied Biosystems). RNU66 (PN 4373382) was
used for normalization as an internal control. All qRT-PCRs
were run in duplicates. Sequences of amplified production
were verified using DNA sequencing. All of the reagents
including primers and probes for the TagMan MicroRNA
assays were provided by Applied Biosystems.

The data were analyzed using an automated baseline.
Mean threshold cycle (Ct) values and standard deviations
were calculated. The Ct was defined as the cycle number at
which the fluorescence exceeded the given threshold. Rela-
tive expression level of miR-23a was analyzed using the
comparative Ct (27AACt) method with RNU66 as the
endogenous control. The amount of miR-23a was normalized
relative to the amount of RNUG66. Briefly, for the equation
27AACC AACE (miR-23a—RNU66) = Ctmir-23a—CtrNuss-

Statistical and survival analysis

The statistical differences in clinical characteristics
between DLBCL patients and controls were determined by

chi-square test or Student’s ¢ test. The difference in
expression level of miR-23a was compared with the Mann—
Whitney U test. Receiver-operating characteristics (ROC)
curves were established in order to evaluate the diagnostic
value of miR-23a for discriminating patients with or
without DLBCL. The cutoff point of miR-23a level for the
prediction of the OS was assessed using the Youden Index
(sensitivity + specificity — 1).

The follow-up information including OS and PFS was
obtained from hospital information systems and the
patients or patients’ relatives. The OS was defined as the
date of pathological diagnosis to death from any cause or
last contact. PFS was calculated from the time of diagnosis
until the date of clinical recurrence, death or last contact.
Data were censored if the DLBCL patients were alive at
last follow-up. Multivariate Cox regression analysis was
carried out to assess the OS time and the PES time of the
DLBCL cases. Kaplan—-Meier method was used to estimate
using the survival distributions. Log-rank analysis was
used to compare the survival rates between different
groups.

All above statistical analyses were conducted with the
SPSS software version 17.0 (SPSS, Chicago, IL, USA). A
two-sided P value less than 0.05 was considered to indicate
a statistically significant result.

Results
Study groups and clinicopathological features

Clinical characteristics of 104 DLBCL cases and 28 con-
trols analyzed in the present study are shown in Table 1.
The median age of 104 patients with DLBCL at diagnosis
was 55 years (range 17-85 years), with a male-to-female
ratio of 1.3:1 (58 males and 46 females). There were no
significant differences in age and gender distribution
between DLBCL patients with controls (P > 0.05, XZ test).

According to the Ann Arbor staging system for lym-
phoma, 45 patients were at stages I and II, and 59 patients
were at stages III and IV. Increased serum lactate dehy-
drogenase (LDH) (>250 IU/L) level was detected in 29 of
the 104 patients.

Correlation of miR-23a expression
with clinicopathologic characteristics

miR-23a level in the FFPE lymph nodes in both DLBCL
patients and control subjects was detected by qRT-PCR.
After normalization with RNU66, miR-23a expression
level converted from Ct values in DLBCL patients was
significantly higher than in controls (P = 0.001, Fig. 1).
Besides, we measured the correlation between miR-23a
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Fig. 1 Expression level of miR-23a in formalin-fixed, paraffin-
embeded samples measured by gRT-PCR
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Fig. 2 Receiver-operating characteristics curve analysis shows that
miR-23a can discriminate patients with DLBCL from controls. miR-
23ayielded a ROC curve value of 0.698 with the sensitivity of 62.5 %
and specificity of 67.9 %

expression and clinical parameters. However, statistical
analysis showed that there were no significant association
between miR-23a level and any of the listed parameters
including age, gender, Ann Arbor stage, performance sta-
tus, LDH, extranodal sites and International Prognostic
Index score (IPI) (P > 0.05, Mann—Whitney U test, data
not shown).

As shown in Fig. 2, receiver-operating characteristic
(ROC) curve analysis showed a separation between
DLBCL patients and controls for miR-23a (95 % CI,
0.590-0.807), miR-23a yielded an area under the curve
(AUC) of 0.698 with the sensitivity of 62.5 % and speci-
ficity of 67.9 %.
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Fig. 3 Correlation of OS for DLBCL patients with their miR-23a
expression level. A significantly shorter survival time was observed in
patients in the high miR-23a group than in the low miR-23a group

miR-23a is an independent prognostic indicator
in DLBCL

The median follow-up period of the 104 patients was
412 days (range from 92 to 1,024 days). At the last follow-
up, 24 patients had disease progression, and 29 patients
died from DLBCL, treatment toxicity, or unrelated causes.
Median survival was 365 days (range 71-981 days) for
DLBCL, Median PFS was 196 days.

To investigate the prognostic value of miR-23a in
DLBCL, Kaplan—-Meier survival analysis was used to
compare OS and PFS of DLBCL patients between the high
and low miR-23a groups, and the log-rank test was used to
examine the statistical significance between stratified sur-
vival groups according to the relative expression level of
miR-23a. As shown in Fig. 3, higher expression level of
miR-23a was significantly associated with a poor outcome
(i.e., poor prognosis/short-term OS) in DLBCL patients
(log-rank test, P = 0.029). However, no significant asso-
ciation was found between miR-23a and PFS (data not
shown). Of note, the difference in the OS was not due to
the different treatment for patients in each group received
different treatment regimens (DHAP, IMVP-16, GMOX
and CHOP-like regimens) assigned solely based on their
clinical features that were independent of their miR-23a
level. Thus, miR-23a probably can serve as a prognostic
marker for patients with DLBCL.

In addition, univariate Cox regression was conducted to
analyze whether miR-23a and other clinical features could
be independent OS factors for DLBCL. High level of miR-
23a expression was a “risky” factor in DLBCL. Next, we
carried out multivariate Cox regression incorporating miR-
23a expression, age, gender, Ann Arbor stage, performance
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Table 2 Multivariate Cox regression analyses for OS of DLBCL
patients, including IPI and miR-23a

Cox regression Hazard ratio P value
coefficient (95 % CI)
Mir-23a 1.328 3.776 (1.105-12.891) 0.034
IPI 0.467 1.595 (1.072-2.371) 0.021

DLBCL diffuse large B-cell lymphoma, /PI International Prognostic
Index

status, LDH, extranodal sites and IPI. This analysis
revealed miR-23a expression (adjusted P = 0.034, HR
3.776, 95 % CI 1.106-12.892) and IPI (adjusted
P = 0.021, HR 1.595, 95 % CI 1.072-2.371) were signif-
icantly associated with OS (Table 2). These results indi-
cated that miR-23a could be used as an independent
prognostic biomarker for DLBCL.

Discussion

Accumulating evidences indicate that about 10-30 % of
human genes are the targets of miRNA regulation [22].
Overwhelming researches demonstrated that the expression
level of miRNA genes is deregulated in various cancers.
The overexpression of miRNA may lead to the down-
regulation of tumor-suppressor genes, and on the contrary,
the oncogene up-regulation can be caused by the under-
expression of miRNA [23-25]. It is showed the majority of
human miRNAs are located at cancer-associated genomic
regions, which indicates miRNAs have a potential critical
role in cancer. Cancer-associated miRNAs have oncogenic
charcteristics [26]. A large number of cancer-associated
miRNAs have emerged as important modulators in cellular
pathways, and some of them have been demonstrated to be
predictive markers of the clinical behavior for several types
of hematological malignancies [27-29]. For example,
decreased miR-34a expression predicts a poor OS for
DLBCL [30]. DLBCL patients with low miR-155 and miR-
146a expression levels achieved a higher complete remis-
sion rate, higher overall response rate and longer PFS time
[31]. Thus, discovery of new biomarkers is needed for
prognosis and clinical management. Deregulation of miR-
23a was associated with many types of cancer, including a
wide range of solid and hematological malignancies, such
as ALL, AML [20], HCC [14], pancreatic cancer [21]. This
phenomenon suggests that miR-23a plays a fundamental
role in the establishment of a general malignant phenotype.
However, the expression and role of miR-23a in DLBCL
remain to be explored.

To our knowledge, in the current study, we firstly
describe the expression level of miR-23a in FFPE lymph
nodes of DLBCL patients. We found that miR-23a

expression level in DLBCL patient tissue was higher than
in reactive hyperplasia lymphoid nodes. The differential
expression of miR-23a between DLBCL patient and heal-
thy controls suggests that miR-23a may be a potential tool
for future molecular diagnostics in DLBCL. Next, we
examined whether the expression level of miR-23a was
associated with clinical features, including age, gender,
Ann Arbor stage, performance status, LDH, extranodal
sites and IPI. However, there was no significant association
between miR-23a and the clinical parameters. Many stud-
ies have shown that miRNA expression levels have
potential prognostic value in malignant diseases, such as
CLL, DLBCL and pancreatic cancer. Therefore, in order to
ascertain whether miR-23a expression is able to predict
clinical outcome, we analyzed PFS and OS in the DLBCL
patients. We found that high expression of miR-23a was
associated with a shorter OS time. Besides, we carried out
multivariate analysis and found that miR-23a and IPI were
statistically significant independent prognostic indicators.
These findings suggest that the expression of miR-23a has
prognostic significance in DLBCL and higher level of miR-
23a had a worse clinical outcome.

During carcinogenesis, oncogenic transcription factor
c-myc regulates the cell cycle, glucose metabolism and
glutamine catabolism. It has been demonstrated that the
repression of miR-23a and mir-23b implicated in the glu-
tamine catabolism stimulation by Myc’s role [18]. Thus,
we presume that the tumorigenesis of miR-23a in DLBCL
may be influenced either by the reposition of some genes
close to its promoter regions such as myc, or by the relo-
calization of some regulatory elements. It has been stated,
the behaviors of the same gene, as an oncogene or sup-
pressor gene, also can be influenced by the transcriptional
and/or post-transcriptional events. Further studies are
needed to clarify the mechanisms of the carcinogenesis of
miR-23a in DLBCL.

Seeking new markers for the diagnosis, prognosis and
therapy of DLBCL have been an ongoing endeavor. FFPE
blocks represent a rich archive of well-characterized tissue
specimens, which offer a valuable source of patient data.
Numerous studies have been undertaken using FFPE
specimens. Compare to mRNA, the small size of miRNAs
is relatively resistant to RNase degradation and can be
recovered intact from archival FFPE material [32]. Siebolts
et al. [33] carried a high-quality assessment and proved
FFPE tissues are suitable for miRNA analyses using qRT-
PCR. In our present study, we have successfully analyzed
miR-23a expression in FFPE lymph node specimens from
patients with DLBCL. Further studies exploring a potential
biologic function of circulating miR-23a, including serum
and plasma are needed, it will be expected that circulating
miR-23a can be used as a marker for the diagnosis and
predict clinical outcome of DLBCL [8].
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Although our findings are promising, there are several
limitations in our study. First, the sample size is relatively
small, further investigations of miR-23a in larger popula-
tions and in independent studies are needed. Second, gRT-
PCR by relative quantification approach testing low levels
of miRNAs is less accurate, in which they may not fall into
the linear range of the assay; therefore, absolute quantifi-
cation approach with standard curve calibration would be
more appropriate for further validation of our results.

In conclusion, our data firstly suggest that the expres-
sion level of miR-23a in FFPE lymph nodes can distin-
guish patients with DLBCL from control subjects and
may be a potential diagnostic marker for DLBCL. Fur-
thermore, the high expression level of miR-23a may serve
as a poor prognostic marker for DLBCL. Since miR-23a
could silence or modulate gene expression by regulation
of transcription factors in humans, we also propose that
targeted therapies to inhibition miR-23a might represent
as potential strategies for controlling DLBCL tumori-
genesis.
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