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Abstract Despite improved survival for the patients with

diffuse large B cell lymphoma (DLBCL), the prognosis

after relapse is poor. LincRNA-p21 is a long intergenic

noncoding RNA, which is located on chromosome 17,

approximately 15 kb upstream from the Cdkn1a (p21)

gene. However, its clinical importance and biological role

in DLBCL prognosis are unknown. In this study, we con-

ducted quantitative reverse-transcription polymerase chain

reaction to investigate the lincRNA-p21 expression in

DLBCL. We found that lincRNA-p21 levels were mark-

edly decreased in DLBCL tissues compared with normal.

Its expression level was significantly correlated with Ann

Arbor stages, B symptoms, performance status, IPI score

and serum LDH. Moreover, patients with high levels of

LincRNA-p21 expression had a favorable overall survival

and progression-free survival. Furthermore, ectopic

expression of lincRNA-p21 inhibited cell proliferation,

arrested cycle progression and modulated cyclin D1, CDK4

and p21 expression in DLBCL cell lines. These results

demonstrated lincRNA-p21 can be identified as a potential

novel prognostic biomarker for prognosis in DLBCL and

regulate cell proliferation and cycle in vitro. Our findings

highlight the value of integrated comprehensive analysis to

identify prognostic markers and genetic driver events not

previously implicated in DLBCL.
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Introduction

Diffuse large B cell lymphoma (DLBCL) is the most

common lymphoid malignancy, accounting for approxi-

mately 25–30 % of all newly diagnosed cases and with

rapidly rising incidence [1]. The introduction of rituximab

plus cyclophosphamide/doxorubicin/vincristine/prednisone

(R-CHOP) chemotherapy is considered as the standard

treatment for DLBCL patients, which dramatically

improves the treatment outcome and prognosis [2, 3].

Despite important advances in treatment, approximately

one-third of patients will develop relapsed/refractory dis-

ease shortly after initial remission and will eventually die

as a result [4–6]. Because DLBCL has heterogeneous

biological features and clinical behaviors, current attempts

to evaluate prognosis in DLBCL rely mainly on clinical

parameters, as used most notably in the international

prognostic index (IPI) score [6–8]. But it does not fully

reflect the biological spectrum of DLBCL. Thus, novel

prognostic factors are being explored to predict treatment

outcome.

Long noncoding RNAs (lncRNAs) are defined as RNA

molecules more than 200 nt in length with no open reading

frame [9, 10]. Long intergenic noncoding RNAs (lincR-

NAs) are those whose transcription loci are within genomic

interval between two protein coding genes [10, 11]. To

date, numbers of large intergenic noncoding RNAs

(lincRNAs) play pivotal roles in cancer-related gene reg-

ulatory system, and the disorder of their expression is

thought to promote cancer cell proliferation, invasion and

metastasis [11, 12]. However, the biological functions and
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prognostic values of lincRNAs in bladder cancer are still

largely unexplored.

In the present work, we focus on lincRNA-p21.

LincRNA-p21 is a long intergenic noncoding RNA

(3100 nt) and located on chromosome 17, approximately

15 kb upstream from the Cdkn1a (p21) gene [13, 14]. It

was originally identified as a direct transcriptional target of

p53 and to mediate p53-dependent apoptosis but not cell-

cycle arrest in doxorubicin-treated mouse embryo fibrob-

lasts (MEFs) [14, 15]. Wang et al. [16] showed that

lincRNA-p21 enhances the sensitivity of radiotherapy for

human colorectal cancer by targeting the wnt/beta catenin

signaling pathway. In addition, Dimitrova et al. [17, 18]

showed that deregulation of lincRNA-p21 expression pro-

motes polycomb target gene expression and enforces the

G1/S checkpoint. However, the role of lincRNA-p21 in

DLBCL remains largely elusive.

The aim of this study is to identify and characterize the

expression pattern and clinical significance of lincRNA-

p21 in DLBCL and further explore the biological functions

and molecular mechanism of lincRNA-p21 in DLBCL.

Firstly, we showed that lincRNA-p21 was downregulated

in both DLBCL tissues and cell lines and could be used to

distinguish DLBCL from normal. Next, we demonstrated

the clinical significance of lincRNA-p21 in DLBCL and

determined that it could be a novel biomarker for poor

prognosis of DLBCL. Moreover, overexpression of

lincRNA-p21 could inhibit cell proliferation and cycle

progression of DLBCL. Furthermore, we found that alter-

ation of lincRNA-p21 expression can influence the

molecular events that occur downstream of lincRNA-p21,

indicating that lincRNA-p21 affected DLBCL tumorigen-

esis. Our results suggest that lincRNA-p21 may represent a

novel indicator of poor prognosis and may be a potential

therapeutic target for the diagnosis and gene therapy of

DLBCL. This study advances our understanding of the role

of lincRNAs such as lincRNA-p21 as regulators of DLBCL

pathogenesis.

Materials and methods

Patients

All of the experiments were approved by the Ethics Board

of Jiangsu Cancer Hospital of Nanjing Medical University.

The informed consents were provided by all the patients,

and all the clinical investigations were conducted accord-

ing to the principles expressed in the Declaration of Hel-

sinki. R-CHOP- or R-CHOP-like treatment as a frontline

regimen was administrated to 105 patients whose clinical

efficacy was evaluable for this study. A total of 105

patients, who were diagnosed with DLBCL at Jiangsu

Cancer Hospital or First People’s Hospital of Yunnan

Province from 2007 to 2009 and treated with rituximab-

based chemotherapy, were enrolled. Tissue samples were

washed with sterile phosphate-buffered saline before being

snap-frozen in liquid nitrogen for future RNA and protein

extraction. The patients’ histologic slides and clinical

medical records were reviewed by two experienced

pathologists and oncologists, respectively.

Quantitative real-time reverse transcriptase PCR

(qRT-PCR)

Total RNA from frozen tissues or cultured cells was iso-

lated with TRIzol reagent (Invitrogen, GrandIsland, USA)

according to the manufacturer’s instructions. RNA was

reverse-transcribed to cDNA by using a PrimeScriptTM

First-Strand cDNA Synthesis Kit (Takara, Dalian, China).

The SYBR� Premix Ex TaqTM II (Takara, Dalian, China)

was used to detect lincrna-p21 expression according to the

manufacturer’s protocol. The real-time PCR primers for

lincRNA-p21 and GAPDH were as follows: lincRNA-p21

sense, 50-GCTCGACGCTAGGATCTGAC-30 and reverse,

50-GCTTTCCACGACGGTGAC-30; cyclin D1 sense, 50-G
GCGGATTGGAAATGAACTT-30 and reverse, 50-TCCTC
TCCAAAATGCCAGAG-30; CDK4 sense, 50-GTCGGCTT
CAGAGTTTCCAC-30 and reverse, 50-TGCAGTCCACAT
ATGCAACA-30; p21 sense, 50-CATGGGTTCTGACGGA
CAT-30 and reverse, 50-AGTCAGTTCCTTGTGGAGCC-
30; GAPDH sense, 50-AATGAAGGGGTCATTGATGG-30

and reverse, 50-AAGGTGAAGGTCGGAGTCAA-30. Real-
time PCR and data collection were performed on ABI 7300

(Applied Biosystems, Waters, USA). Results were nor-

malized to the expression of GAPDH [18].

Cell culture

Human DLBCL cell lines (SU-DHL-2, OCI-LY-3, OCI-

LY-10, SU-DHL-4 and OCI-LY-7) were purchased from

the American Type Culture Collection (Manassas, USA).

All the cells were cultured in RPMI1640 (#11875-093,

Gibco;) medium supplemented with penicillin–strepto-

mycin (#15140-122, Gibco) and 10 % fetal bovine serum

(#10100-147, Gibco) at 37 �C with 5 % CO2 [19].

LincRNA-p21 overexpression

Overexpression of lincRNA-p21 was performed as previ-

ously described [14–16]. A plasmid expressing lincRNA-

p21 was used to construct plasmid plincRNA-p21

pcDNA3.1 (?) (pc-lincRNA-p21). The plasmid was pro-

vided by GenePharma Corporation (Shanghai, China).
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Cell proliferation assay

Cell proliferation was counted using Cell Proliferation

Reagent Kit (MTT) (Beyotime, Haimen, China). Twenty-

four hours after transfection, 1 9 103 cells per well were

plated in 96-well plates. MTT (Beyotime) was added to

each well, and cells were further cultured for 4 h at 37 �C.
The reaction was stopped by 150 ll DMSO, and optical

density at 490 nm was detected on a microplate reader

[19].

Flow cytometric analysis of cell cycle

Transfected cells were harvested after transfection. Cells

for cell-cycle analysis were stained with propidium oxide

by Cell Cycle Analysis Kit (Beyotime, Haimen, China)

following the protocol and analyzed by FACScan (BD

Biosciences, San Jose, USA). The percentage of the cells in

G1–G0, S and G2–M phase were counted and compared

[18].

Western blot analysis

Western blot analysis was performed according to our

previous study [20]. Total proteins were extracted and

separated using sodium dodecyl sulfate-polyacrylamide gel

electrophoresis and transferred to polyvinylidene fluoride

membranes (Millipore, Billerica, USA). The membranes

were blocked with 10 % nonfat milk at room temperature

for 1 h and then incubated overnight with rabbit anti-cyclin

D1 (#2978, Cell Signaling, Boston, USA), anti-CDK4

(#12790, Cell Signaling), anti-p21 (#2947, Cell Signaling)

or anti-GAPDH (#2118, Cell Signaling) antibodies at 4 �C.
After incubation with horseradish peroxidase-conjugated

anti-rabbit IgG (#3423, Cell Signaling), the specific protein

band was visualized by enhanced chemiluminescence

(Millipore). GAPDH was used as an internal control, and

each experiment was repeated at least thrice.

Statistical analysis

All experiments were independently repeated at least

thrice, and all data were analyzed using the SPSS software

package (version 19.0, SPSS, IBM, Armonk, USA). The

significant differences in the expression of lincRNA-p21 in

the DLBCL and normal tissues were analyzed by the

Wilcoxon rank-sum test. The Pearson Chi-square test was

used to examine the correlation between the expression of

lincRNA-p21 and clinicopathological characteristics. The

Kaplan–Meier method was used to estimate the probability

of patient survival. A one-way ANOVA test was adopted to

investigate the difference in cell proliferation assays, and

the least significant difference t test was used to analyze

two groups. The Student’s t test was used to compare data

from the densitometry analysis of qRT-PCR and Western

blot analysis.

Data were expressed as mean ± SD. The results were

considered to be statistically significant at P\ 0.05.

Results

Decreased expression and diagnostic value

of lincRNA-p21 in DLBCL

To investigate the role of lincRNA-p21 in DLBCL, we first

quantified the expression levels of lincRNA-p21 in tissues

by qRT-PCR. As shown in Fig. 1a, tumor tissues expressed

evidently lower levels of lincRNA-p21 than normal

(P\ 0.0001). Levels of lincRNA-p21 in the DLBCL cell

lines, SU-DHL-2, OCI-LY-3, OCI-LY-10, SU-DHL-4 and

OCI-LY-7 were consistently lower than the average levels

of lincRNA-p21 expression in the normal tissues

(P\ 0.0001, Fig. 1b). To explore whether the levels of

lincRNA-p21 expression could be used as a diagnostic

biomarker of DLBCL, we produced a ROC curve by

comparing the different levels of lincRNA-p21 expression

in DLBCL tissues and normal. Area under the ROC curve

was up to 0.8718 (P\ 0.0001, Fig. 1c).

Clinicopathological significance of lincRNA-p21

To gain further insights into the clinical role of lincRNA-

p21 in DLBCL, we analyzed the correlation between

lincRNA-p21 expression and patient clinicopathological

feathers. According to the median ratio of relative

lincRNA-p21 expression (-1.784-fold) in tumor tissues,

105 DLBCL patients were classified into two groups: high

group (n = 55, lincRNA-p21 expression ratio [-1.784-

fold) and low group (n = 50, lincRNA-p21 expression ratio

\-1.784-fold, Fig. 1d). We found that lincRNA-p21

expression was irrelevant with age (P = 0.828), gender

(P = 0.315) and extra nodal status (P = 1.000). However,

lincRNA-p21 expression was closely associated with Ann

Arbor stages (P = 0.043), B symptoms (P = 0.046), per-

formance status (P = 0.021), IPI score (P = 0.000) and

serum LDH (P = 0.002, Table 1).

Prognostic importance of lincRNA-p21

Log-rank tests showed that the 5-year OS rates in the group

with low-lincRNA-p21 were significantly poorer than those

in the high-lincRNA-p21 (P = 0.0001, Fig. 2a). Similarly,

the PFS rates in the low-lincRNA-p21 group were signifi-

cantly shorter than those in the high-lincRNA-p21 group

(P\ 0.0001, Fig. 2b). Furthermore, Cox regression
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analysis suggested that lincRNA-p21 expression was an

independent factor that forecasts OS and PFS (Table 2).

Collectively, these data implicated that lincRNA-p21 could

be used as a prognostic biomarker in DLBCL.

LincRNA-p21 overexpression arrested cell growth

and cycle progression of DLBCL cells

Using qRT-PCR, we confirmed that lincRNA-p21 expres-

sion levels of OCI-LY-7 cells transfected with pc-lincRNA-

p21 were significantly lower than control (Fig. 3a). Twenty-

four hours after transfection with pc-lincRNA-p21-2, MTT

assays revealed that cell proliferation was repressed in OCI-

LY-7 cells compared with control (Fig. 3b). Next, flow

cytometric analysis was conducted to further explore the

effect of pc-lincRNA-p21 on proliferation of DLBCL cells

by regulating cell-cycle progression. The results revealed

that the cell-cycle progression of OCI-LY-7 cells trans-

fected with pc-lincRNA-p21-2 was significantly stalled at

the G1–G0 phase compared with the control (Fig. 3c). As

shown in Fig. 3d, lincRNA-p21 overexpression downreg-

ulated the expression levels of cyclin D1 and CDK4 and

upregulated p21. Taken together, these results showed that

lincRNA-p21 overexpression could obviously suppress

tumor growth of DLBCL cells.

Association of lincRNA-p21 with cyclin D1, CDK4

and p21 in DLBCL

Then, we sought to determine whether there was any

interaction between cyclin D1, CDK4, p21 and lincRNA-

p21. To further validate it, the expression of lincRNA-p21,

cyclin D1, CDK4 and p21 was analyzed by qRT-PCR in

DLBCL tissues. As shown in Fig. 4a, b, the expression

levels of lincRNA-p21 were negatively correlated with the

mRNA expression levels of cyclin D1 and CDK4. The

levels of lincRNA-p21 expression were positively associ-

ated with p21 mRNA (Fig. 4c). Taken together, all these

results confirmed a functional link between lincRNA-p21

and cyclin D1, CDK4 and p21 in human DLBCL.

Fig. 1 LincRNA-p21 expression in DLBCL. a LincRNA-p21 expres-
sion levels assessed by qRT-PCR in cancerous (T) and non-cancerous

tissues (N) from 105 DLBCL samples. LincRNA-p21 levels were

normalized to GAPDH. LincRNA-p21 levels in T were significantly

lower than those in N (P\ 0.0001). Horizontal lines, mean value of

each sample. b Relative expression of lincRNA-p21 between five

DLBCL cell lines (SU-DHL-2, OCI-LY-3, OCI-LY-10, SU-DHL-4

and OCI-LY-7). Each cell line was duplication analyzed three times,

and lincRNA-p21 expression level of five DLBCL cell lines was

significantly lower than the average levels of normal tissues.

c Receiver operating characteristic (ROC) curve analysis was

employed to determine whether lincRNA-p21 is really good candi-

dates to discriminate tumor tissues from non-tumorous tissues.

d qRT-PCR analysis of lincRNA-p21 in 105 DLBCL tissues and

the classification based on lincRNA-p21 level (lincRNA-p21/

GAPDH = -1.783). Vertical line, borderline of lincRNA-p21 high

(n = 55) or low (n = 50)
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Discussion

DLBCL is the most common lymphoid malignancy and is

biologically and pathologically heterogeneous [1, 21].

Mainstream tumorigenic processes involved in DLBCL are

characterized by phenotypic multistep progression cas-

cades and gene expression patterns [7, 22]. It is difficult to

predict its prognosis, and there is no definite prognostic

marker yet. The reliable identification of DLBCL pro-

gression-specific targets has huge implications for its pre-

vention and treatment [4, 23]. However, identification of

the molecular markers that correlate with the development

and progression of DLBCL still remains a challenge.

Currently, a large number of cancer-related lncRNAs

have been discovered, and they are demonstrated to be

involved in the development of human diseases, including

tumor cell proliferation and cell cycle [12, 18, 19, 24].

Several associations between altered lincRNAs in cancers

and clinical significance were observed [10, 11]. Until now,

emerging evidences show that some lincRNAs can be used

as biomarkers for the prediction of diagnosis and prognosis

of or as tumor therapeutic targets in human cancer. How-

ever, the DLBCL-related lincRNAs have rarely been

reported yet.

In present study, we focused on the lincRNA-p21. We

found that lincRNA-p21 was downregulated in DLBCL

compared with normal. Consistently, previous studies have

showed that lincRNA-p21 was downregulated in CRC [16].

And lincRNA-p21 is correlated with Ann Arbor stages, B

symptoms, performance status, IPI score and serum LDH.

These observations indicate that lincRNA-p21 may func-

tion as an anti-oncogenic factor in human tumor progres-

sion. To determine the relationship between lincRNA-p21

expression and prognosis of DLBCL patients, we attemp-

ted to evaluate the correlation between lincRNA-p21

expression and clinical outcomes. Kaplan–Meier analysis

showed that patients with low levels of lincRNA-p21

expression had remarkably shorter survival time than those

with high levels. Multivariate analysis further revealed that

lincRNA-p21 expression was a significant independent

predictor of poor survival of DLBCL patients. To our best

knowledge, this is the first report that showed lincRNA-p21

may be a predictor of survival in DLBCL in a sizable group

of DLBCL patients.

Our work showed that cyclin D1, CDK4 and p21 were

functional targets of lincRNA-p21 in DLBCL cells. Cyclin

D1 is a member of highly conserved cyclin family [25].

Overexpression of cyclin D1, which alters cell-cycle

Table 1 Correlation between lincRNA-p21 and clinicopathological

characteristics in DLBCL

Characteristics n LincRNA-p21 expression P

Low High

Age (years) 0.828

\60 29 13 16

C60 76 37 39

Gender 0.315

Male 65 28 37

Female 40 22 18

Ann Arbor stages 0.043*

I–II 39 24 15

III–IV 66 26 40

B symptoms 0.046*

Absent 62 35 27

Present 43 15 28

Extra nodal status 1.000

\2 58 28 30

C2 47 22 25

Performance status 0.021*

0–2 33 10 23

3–4 72 40 32

IPI score 0.000*

0–2 77 45 32

3–5 28 5 23

Serum LDH 0.002*

Normal 82 46 36

High 23 4 19

* Statistically significant (P\ 0.05)

Fig. 2 Kaplan–Meier survival

curve analysis shows that

patients with higher expression

of lincRNA-p21 showed

increased a overall survival and

b progression-free survival

compared with patients with

lower expression of lincRNA-

p21. P value was calculated by

log-rank test

Clin Exp Med (2017) 17:1–8 5

123



Table 2 Univariate and

multivariate analyses of

prognostic variables of overall

survival and progression-free

survival in DLBCL patients

Variables Univariate analysis Multivariate analysis

HR 95 % CI P HR 95 % CI P

Overall survival

Age (\60 vs. C60) 1.852 1.535–2.332 0.096

Gender (male vs. female) 1.930 1.650–2.358 0.074

Ann Arbor stages (I–II vs. III–IV) 1.376 1.095–1.803 0.029* 1.263 0.997–1.687 0.076

B symptoms (absent vs. present) 1.539 1.064–2.260 0.026* 1.383 1.122–1.712 0.063

Extra nodal status (\2 vs. C2) 1.807 1.369–2.476 0.052

Performance status (0–2 vs. 3–4) 1.183 0.740–1.855 0.048* 1.263 0.706–1.986 0.071

IPI score (0–2 vs. 3–5) 1.115 0.953–1.362 0.046* 1.050 0.896–1.298 0.058

LDH (normal vs. high) 1.379 1.166–1.686 0.039* 1.386 1.151–1.762 0.065

lincRNA-p21 (low vs. high) 0.788 0.572–1.116 0.007* 0.732 0.518–1.074 0.018*

Progression-free survival

Age (\60 vs. C60) 1.806 1.604–2.129 0.078

Gender (male vs. female) 2.282 2.034–2.755 0.084

Ann Arbor stages (I–II vs. III–IV) 1.122 0.908–1.503 0.046* 1.253 1.018–1.629 0.069

B symptoms (absent vs. present) 1.080 0.887–1.373 0.025* 1.087 0.873–1.429 0.053

Extra nodal status (\2 vs. C2) 1.247 1.014–1.643 0.051

Performance status (0–2 vs. 3–4) 0.944 0.612–1.546 0.016* 1.117 0.662–2.026 0.074

IPI score (0–2 vs. 3–5) 1.299 0.979–1.924 0.041* 1.420 1.004–2.315 0.058

LDH (normal vs. high) 1.085 0.806–1.625 0.029* 1.180 0.828–1.919 0.082

lincRNA-p21 (low vs. high) 0.968 0.757–1.310 0.009* 0.982 0.733–1.373 0.045*

HR hazard ratio, CI confidence interval

* Statistically significant (P\ 0.05)

Fig. 3 Effect of lincRNA-p21

overexpression on DLBCL cell

growth in vitro. a The relative

expression level of lincRNA-

p21 overexpression in OCI-LY-

7 cells, transfected with empty

vector (pc-control) or lincRNA-

p21 plasmids (pc-lincRNA-

p21), was tested by qRT-PCR.

b At 48 h after transfection,

MTT assay was performed to

determine the proliferation of

OCI-LY-7 cells. c Cell cycle of

OCI-LY-7 was analyzed by flow

cytometry. The bar chart

represents the percentage of

cells in G1–G0, S or G2–M

phase, as indicated. d Western

blot analysis of expression

levels of cyclin D1, CDK4 and

p21 in DLBCL cells
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progression, is observed frequently in a variety of tumors,

related to the development of many cancers and may

contribute to tumorigenesis [25, 26]. Cyclin D1 activates

CDK4, which subsequently allows the cell cycle to pro-

gress through G1 into S [27]. Furthermore, p21 expression

has been shown to be reduced or lost in a variety of cancer

types [28]. A possible explanation is that p21 exerts its

inhibitory control over the cell cycle primarily through

direct binding to cyclins and CDKs, thereby preventing cell

proliferation [28, 29]. We showed p21 was a downstream

regulator involved in lincRNA-p21-mediated growth arrest

in DLBCL cells. Here, these data indicate that lincRNA-

p21 may function as a tumor suppressor and its deficiency

or decreased expression could contribute to DLBCL

development. Taken together, our findings indicate that

lincRNA-p21 arrests DLBCL cell growth and cycle pro-

gression maybe partly via regulating cyclin D1, CDK4 and

p21 expression.

In conclusion, we demonstrate that the decreased

lincRNA-p21 expression is a common event underlying

DLBCL and can be considered a novel diagnostic and

independent prognostic factor in patients with DLBCL. It

indicates that lincRNA-p21 may play a key tumor-sup-

pressive as an indicator of favorable survival rate and a

positive prognostic factor for DLBCL patients. Further,

well understanding of the mechanisms of lincRNA-p21 in

the molecular etiology of DLBCL will supply a strategy

and facilitate the development of lincRNA-directed

diagnostic, prognostic and therapeutic agents against this

malignancy.
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