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Evaluation of latent membrane protein 1 and microRNA-155
for the prognostic prediction of diffuse large B cell lymphoma
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Abstract. Diffuse large B cell lymphoma (DLBCL) has
previously been demonstrated to contribute to the mortality
of lymphoma with various aggressive features. The prognostic
role of the biomarkers latent membrane protein (LMP) 1 and
microRNA-(miR)-155 in DLBCL remain controversial. The
present study primarily aimed to assess the effect of LMP1 and
miR-155 on the survival of DLBCL patients, and additionally
evaluate the clinical features to observe their influence on
outcomes, compared with previous studies. Formalin-fixed
and paraffin-embedded samples were collected from our
center between May 2010 and December 2011. Microarray
analysis, immunohistochemical analysis and reverse
transcription-quantitative polymerase chain reaction were
used to evaluate the expression of LMP1 and miR-155. The
association between biomarkers or clinical features and patient
outcomes was assessed using the log-rank statistical test, Cox
proportional hazard model and Kaplan-Meier method. SPSS
software was used to statistically analyze the data. A total
of 82 patients were included in the present study. The results
demonstrated that high expression of LMP1 and miR-155
may be associated with a poor progression-free survival rate,
while a high International Prognostic Index score and high
expression of LMP1 may be associated with a poor overall
survival rate. These results indicated that LMP1 and miR-155
may be novel and reliable biomarkers for the prognostic
prediction of lymphoma, and will potentially be analyzed in
the future to evaluate patient prognosis.
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Introduction

As the most common non-Hodgkin lymphoma, diffuse large
B cell lymphoma (DLBCL) contributes to the high mortality
rate of lymphoma with its aggressive features, and incidences
have increased over the past decades (1). Due to the clinical
application of Rituximab, the survival rate of DLBCL patients
has improved (2,3). Prognostic factors such as age, clinical
symptoms and serum products, once used for predicting the
survival of patients, no longer give such a clear indication of
survival rate. The efficiency of International Prognostic Index
(IPI) may be enhanced by the inclusion of additional prognostic
biomarkers during diagnosis (4). Furthermore, chemotherapy
treatment is followed by a high incidence of recurrence, which
is unable to be prevented by the initial therapeutic strategy,
making the predictions more complicated (5). Therefore, prog-
nostic predictors in lymphoma patients may be of considerable
value in guiding treatment, or may act as novel therapeutic
targets.

MicroRNA-155 (miR-155) has been well established as a
hematopoietic oncogene, and is overexpressed in aggressive
lympho-proliferative disorders such as DLBCL, Hodgkin
lymphoma, Burkitt lymphoma and various types of T cell
lymphomas (6-9). Although the pathological signaling
pathway of miR-155 remains to be elucidated, it is a useful
biomarker in diagnosis, aiding with therapeutic decisions and
prediction outcomes. Various studies have suggested miR-155
has the potential to be a therapeutic target in the treatment of
lymphoma (10-12); however, little is known about its specific
effect on DLBCL prognosis.

The association between Epstein-Barr virus (EBV)
infection and lymphoma has been confirmed by a number of
studies (13-15). EBV is present in two forms, similar to other
human herpes viruses: Latency and lytic replication. The main
EBV latent products include EBV nuclear antigens, latent
membrane proteins (LMPs), EBV-encoded small RNAs and
miRs (16). It is well demonstrated that viral latent products
contribute to oncologic induction. It has been demonstrated
that EBV infection is limited to latent phase genes, of which
LMP1 is significantly linked to the development of lymphoma
as an oncogenic protein (17).

To the best of the authors' knowledge, neither miR-155 or
LMP1 has been studied as a survival predictor for any tumor.
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The two have differing expression levels in DLBCL, and are
associated with its development. Therefore, the present study
aimed to investigate whether the two molecules have an effect
on patient outcomes. Formalin-fixed and paraffin-embedded
(FFPE) DLBCL samples were collected at our center from
May 2010 to April 2015, and the levels of LMP1 and miR-155
were analyzed. The present study aimed to evaluate the
association between the data collected patients' outcomes
by univariate analysis and multivariate analysis. The results
showed that LMP1 and miR-155 had a significantly effect on
progression-free survival (PFS) and patient outcomes, and
highlighted two reliable biomarkers for the survival prediction
of DLBCL.

Materials and methods

Patients and tissue samples. The study population consisted of
aretrospective series of 197 de novo cases of DLBCL obtained
from the Affiliated Zhongda Hospital, Southeast University
(Nanjing, China), from May 2010 to December 2011. Patients
were further selected according to the following eligibility
criteria: Diagnosis of pathologically confirmed DLBCL; and
treated with CHOP (cyclophosphamide, vincristine, doxoru-
bicin and prednisone) or a CHOP-based regimen. FFPE tumor
tissue biopsies were obtained prior to treatment. Acquisition
of the patient data was followed-up by the Affiliated Zhongda
Hospital, Southeast University, and the samples underwent
total RNA of total RNA extraction from FFPE. Overall,
82 patients were analyzed in the current study, and data
regarding their clinical features and survival time were
collected. Survival time was calculated from the date of diag-
nosis to the date of event. The date of event was defined as date
of death in case of OS, date of progression in case of PFS and
right censoring (date of last follow-up without the event). In
all cases, the collection of tissues and clinical data of patients
was approved by the Affiliated Zhongda Hospital, Southeast
University institutional review board. The experiment was
undertaken with written informed consent from each patient,
and the study conformed with The Code of Ethics of the World
Medical Association (Declaration of Helsinki), printed in the
British Medical Journal (18 July 1964).

Total RNA extraction from FFPE tissue. The FFPE tissue
cores were used for total RNA extraction using an RNAprep
Pure FFPE kit (DP439; Tiangen Biotech, Beijing, China)
according to the manufacturer's protocol. Xylenes (CAS:
1330-20-7; Macklin Co., Shanghai, China) and absolute ethyl
alcohol (CAS: 64-17-5; Macklin Co., Shanghai, China) were
used to dissolve the paraffin around the samples.

Microarray analysis. Sample preparation and microarray
hybridization were performed by Shanghai Biotechnology
Corporation in China (for details, please see 86-021-51320288,
project no. BH150192). A total of seven samples, including two
of lymphadenitis, two of T cell lymphoma, one of Hodgkin
Ilymphoma and two of DLBCL, were selected randomly for
microarray analysis. The differential expression of miRNAs
was identified via fold-change filtering (fold-change =3.0 or
<0.5) and standard Student's t-test (P<0.05). The microarray
data was calculated using Rstudio (3.3.2 for Windows).
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Immunohistochemical (IHC) analysis. An UltraSensitive S-P
THC kit (Maixin, Fuzhou, China) was used for IHC staining,
according to the manufacturer's protocol. Sections (4 zm) were
deparaffinized in a xylene bath for 5 min at room temperature
twice, then subsequently incubated for 5 min in absolute, 95%,
85 and 70% ethyl alcohol, then washed with PBS three times
for 3 min. The antigen retrieval was performed by incubating
the sections in a 0.01 M citrate buffer (pH 6.0) for 20 min
at 98°C and the sections were washed with PBS three times
after cooling down. Each section was then incubated with 50 p1
3,3'-diaminobenzidine working solution for 10 min at room
temperature, to develop peroxidase activity. A total of 50 pul
normal non-immune serum was used to block the nonspecific
reaction for each section. Following that, the sections were
incubated with primary antibody anti-LMP1 (1:100; Santa
Cruz Biotechnology, Inc., Dallas, TX, USA) at 4°C overnight
and washed with PBS three times, prior to incubation with
a secondary antibody for 30 min. The sections were then
incubated with streptavidin peroxidase solution for 10 min
for coloration, counterstained with hematoxylin and mounted.
Then, they were stained using a streptavidin peroxidase
system and the signal was visualized using diaminobenzidine
substrate.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) for LMPI and miR-155 quantification. For each
tissue sample, 300 ng total RNA was reverse-transcribed.
HiScript IT Q RT SuperMix for qPCR (+gDNA wiper) (R223;
Vazyme Biotech Co., Ltd., Nanjing, China) was used for LMP1
reverse transcription, and HiScript Q Select RT SuperMix for
gPCR (+gDNA wiper) (R133; Vazyme Biotech Co., Ltd.) was
used for miR-155 reverse transcription, according to each
manufacturer's protocol. ChamQ SYBR qPCR Master Mix
(Q311, Vazyme Biotech Co., Ldt.) was used to profile the
expression of LMP1 and miR-155 in lymphoid samples. The
relative expression levels of mRNAs were normalized to that
of the internal control GAPDH for LMP1 and U6 for miR-155.
The total RNA from a lymphadenitis tissue sample was used
as a control. The primers used were as follows: LMP1
forward, 5"TGAGCAGGAGGGTGATCATC-3' and
reverse, 5-CTATTCCTTTGCTCTCATGC-3'; hsa-mirl55-5p
forward, 5'-TTAATGCTAATCGTGATAG-3' and
reverse, 5'-GTCGTATCCAGTGCAGGGTCCGAGGTATTC
GCACTGGATACGACACCCCTA-3'; GAPDH
forward, 5'-CCATCACCATCTTCCAGGAG-3' and
reverse, 5S'-ACAGTCTTCTGGGTGGCAGT-3"; U6 forward,
5-CTCGCTTCGGCAGCACA-3' and reverse, 5-AACGCT
TCACGAATTTGCG-3". The cycling conditions were 95°C for
30 sec, followed by 40 cycles of 95°C for 5 sec and 60°C for
10 sec. The Cq value was obtained using ABI StepOne
Software (Life Technologies, Foster City, CA, USA). Relative
mRNA levels were calculated using Cq values, and corrected
for GAPDH and U6 expression according to the equation
2:48C4(18).

Statistical analysis. Univariate survival analysis was
performed using a log-rank statistical test, while multivariate
survival analysis was performed using a Cox proportional
hazard model, to estimate the hazard ratio (HR) for the
variables of interest and the 95% confidence interval (CI)
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Figure 1. Lymphoma tissue data. (A) A total of 70 miRNAs were detected by microarray in lymphadenitis and lymphoma tissues. Red represents high expres-
sion and yellow represents low expression. The miRNA expression variation among the 7 tissues was evaluated by cluster analysis. The expression of miR-155
is labeled with a red arrow. (B) Immunohistochemical analysis of tissues from three lymphoma patients (scale bars, 100 ym). miRNA/miR, microRNA;

DLBCL, diffuse large B cell lymphoma; HL, Hodgkin lymphoma.

using SPSS software, version 19.0 (IBM, Inc., Armonk,
NY, USA). The Kaplan-Meier method was fitted for the two
groups with different biomarkers and the significance for
survival difference was assessed by log-rank test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression of LMPI and miR-155 in lymph node tissues.
Data obtained from pathological tissues from 82 patients
were available for the present study. Of these, two DLBCL
tissues were selected randomly for microarray analysis, while
two lymphadenitis tissues, two T cell lymphoma tissues and
one Hodgkin lymphoma tissue were used as controls and for
contrast. A total of 2,550 miRNAs were tested at the initial
time and 70 of them were selected for further study according
to their fold-change filtering (fold-change =3.0 or <0.5) and the
results of the standard Student's t-test (P<0.05). As presented
in Fig. 1A, following clustering analysis, a marked difference
was observed between lymphadenitis and lymphoma. Various
miRNAs had opposite expression trends in the five lymphoma

tissues, compared with the two lymphadenitis tissues,
including miR-155, which is labelled with a red arrow. The
results revealed that lymphadenitis tissues lacked expression
of miR-155, whereas high expression of miR-155 was
observed in the samples of lymphoma, and it was particularly
high in DLBCL. Therefore, it may be concluded that the
increased expression of miR-155 distinguished DLBCL from
lymphadenitis and other types of lymphoma.

To assess the expression of LMPI1, IHC analysis was
conducted for all samples. The results indicated that LMP1
exhibited various expression levels in the different samples
(Fig. 1B). Patient 1 was a male patient who was 67 years old. He
did not suffer from fever, drenching sweats or weight loss at all.
Lactic acid dehydrogenase (LDL) levels in his serum remained
normal. However, the lymphoma cells invaded the colon. His
Ann Arbor Stage was IV and IPI score was 3. Therefore, he was
willing to receive five rounds of Rituximab-CHOP (RCHOP)
chemotherapy and planned for auto-HSCT in addition. Patient 2
was a 46 year-old male patient. He had B symptoms of fever
with a temperature >38°C and high LDH levels in serum. In
addition to this, the lymphoma cells invaded his liver and spleen.
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Table I. Clinical feature according to the biomarkers.
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LMP1 miR-155A
All patients Positive Negative High Very-high

Clinical feature n=82 (%) (n=41) (n=41) (n=42) (n=40)
Age at diagnosis, n (%)

<60 27 (33) 12 (29) 15 (37) 17 (40) 10 (25)

>60 55 (67) 29 (71) 26 (63) 25 (60) 30 (75)
Sex, n (%)

Male 48 (58) 24 (59) 24 (59) 26 (62) 22 (55)

Female 34 (42) 17 (41) 17 (41) 16 (38) 18 (45)
Serum LDH level, n (%)

<200 U/ 52 (63) 27 (65) 25 (61) 26 (62) 26 (65)

>200 U/ 30 (37) 14 (35) 16 (39) 16 (38) 14 (35)
B symptoms, n (%)

Absent 49 (59) 24 (59) 25 (61) 24 (57) 25 (63)

Present 33 (41) 17 (41) 16 (39) 18 (43) 15 (37)
Stage, n (%)

I 17 (21) 6 (15) 11(27) 9(21) 8 (20)

I 14 (17) 7017) 7017) 7(7) 707)

I 19 (23) 11 (27) 8(19) 16 (38) 3(8)

v 32 (39) 17 (41) 15 (37) 10 (24) 22 (55)
IPI, n (%)

0 5(6) 0 () 5(12) 3(7) 2(5)

1 18 (22) 10 (24) 8(19) 11 (26) 707)

2 35(43) 21 (51) 14 (35) 18 (43) 17 (43)

3 14 (17) 6 (15) 8(19) 6 (14) 8 (20)

4 10 (12) 4 (10) 6 (15) 4 (10) 6 (15)
ENE, n (%)

Yes 45 (55) 23 (56) 22 (54) 18 (43) 27 (68)

No 37 (45) 18 (44) 19 (46) 24 (57) 13 (32)
Rituximab, n (%)

Yes 23 (28) 8(19) 15 (37) 17 (40) 6 (15)

No 59 (72) 33 (81) 26 (63) 25 (60) 34 (85)

miR-155A, miR-155 expressed highly in all the lymphoma samples included in this study compared with lymphadenitis. The lymphoma
samples were separated into two groups: High (<12 folds) and very-high (>12 folds). miR, microRNA; LMP1, latent membrane protein 1;
LDH, lactate dehydrogenase; IPI, international prognostic factors index; ENE, extranodal extension.

His Ann Arbor Stage was I'V and IPI score was 2. Unfortunately,
the patient did not receive therapy and died two months later.
Finally, Patient 3 was a 76 year-old female with EBV (+). She
had B symptoms of drenching sweats in addition to fever, but a
normal serum LDH level. However, she had extensive extranodal
problems in the stomach and pleura. Her Ann Arbor Stage was
IV and IPI score was 3. Although this patient was in a poorer
condition compared with patients 1 and 2, she exhibited a partial
response after five rounds of RCHOP chemotherapy. The IHC
features of these samples demonstrated that the patients who
expressed LMP1 accounted for 50% (41/82) of the total patients.

Clinical features of patients. The clinical characteristics
according to the expression of each biomarker are presented

in Table I. Patients were categorized into LMP1-positive
and LMPI-negative expression groups (n=41 in each group).
However, miR-155 was highly expressed in all patients in the
present study. Considering that the variables did not follow a
normal distribution in this analysis, in order to evaluate the
role of high-expression miR-155 in DLBCL, the present study
rearranged the order of the patients according to the expression
of miR-155; the median of the patients was revealed (12-fold)
and used to divide them into two groups: the high group, which
had an expression of miR-155 12-fold lower or equal (n=42);
and the very-high group, which had an expression of miR-155
12-fold higher (n=40). From these groups, we concluded that
patients >60 years of age accounted for 2/3 of this population,
in addition to those with serum LDH levels under or equal
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Figure 2. Patients with extranodal extension of organs. Small intestine, n=4;
liver, n=7; spleen, n=17; skin, n=7; stomach, n=2; bone marrow, n=7; bone,
n=3; testicle, n=3; mediastina, n=1; kidney, n=6; thyroid, n=1; large intestine,
n=2; oviduct, n=1.
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Figure 3. PFS and OS of patients with lymphoma treated with or without
Rituximab based on CHOP. (A) The difference between patients treated
with RCHOP (n=23) and CHOP (n=59) was statistically significant in
PFS (P<0.001). (B) The difference between patients treated with RCHOP
(n=23) and CHOP (n=59) was statistically significant in OS (P=0.003). PFS,
progression free survival; OS, overall survival; CHOP, cyclophosphamide,
vincristine, doxorubicin and prednisone; R, Rituximab; HR, hazard ratio;
CI, confidence interval.

to the normal level. In addition, >50% of the patients were at
Stage III to IV or IPI 0-2, and most of them had extranodal
extension including the spleen, liver, bone marrow and other
organs (Fig. 2).

Furthermore, from Table I, it was also observed that a
number of patients involved in the present study were treated
with Rituximab, accounting for nearly 30%; the others did not
receive Rituximab treatment due to a lack of financial support
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or other non-medical reasons. The patients were separated
into two groups: Rituximab (n=23) and non-Rituximab (n=59).
Following comparison of their PFS and overall survival (OS),
it was concluded that Rituximab markedly improved the
outcomes of patients, leading to a longer duration of progres-
sion (Fig. 3).

Survival analysis according to expression levels of LMPI and
miR-155. For the patients who were treated with the RCHOP
regimen, univariate log-rank analysis identified the significant
variables according to the following factors (all of the P<0.05):
IPI, LMP1 and miR-155 in PFS; LMP1 in OS (Table II). The
median follow-up duration was 12 months (range, 1-60). The
PFS was better in the IPI 0-2 group compared with the IPI
3-4 group (HR, 0.200; 95% CI, 0.024-0.822; P=0.034) in
accordance with previous studies. Furthermore, PFS was addi-
tionally influenced by the expression of LMP1 and miR-155.
The patients without LMP1 expression usually had a longer
PFS and OS duration compared with those who expressed
LMPI (PFS: HR, 0.110; 95% CI, 0.021-0.593; P=0.012; OS:
HR, 0.144; 95% CI, 0.022-0.844; P=0.037; Fig. 4A and B).
However, the results demonstrated that increased expres-
sion of miR-155 only had an adverse effect on PFS (HR,
0.183; 95% (I, 0.021-0.770; P=0.026; Fig. 4C), and was not a
predictor of OS (Fig. 4D).

As presented in Table III, for the patients who were treated
with a CHOP regimen lacking Rituximab, IPI was identi-
fied as a predictive factor only for OS (HR, 0.211; 95% CI,
0.085-0.461; P<0.001), but not PFS, by univariate log-rank
analysis. The effect of LMP1 and miR-155 on PFS and OS
remained the same as that of Rituximab treatment (PFS,
LMP1: HR, 0.341; 95% CI, 0.175-0.634; P=0.001; OS, LMPI:
HR, 0.317; 95% CI, 0.156-0.803; P=0.015; PFS, miR-155: HR,
0.503; 95% CI,0.261-0.951; P=0.043; OS, miR-155: HR, 0.409;
95% CI, 0.190-0.977; P=0.048; Fig. 5). The median follow-up
duration was 13 months (range, 1-60).

According to the results of the multivariate analysis, LMP1
and miR-155 were independent factors for PFS (LMPI1: HR,
0.165; 95% CI, 0.063-0.435; P<0.001; miR-155: HR, 0.415;
95% CI, 0.193-0.891; P=0.024; Table IV), and IPI and LMP1
for OS (IPI: HR, 0.311; 95% CI, 0.113-0.856, P=0.024; LMPI:
HR, 0.208; 95% CI, 0.064-0.673; P= P0.009; Table IV). It was
demonstrated that only LMP1 was a stable predictor for PFS
and OS.

Discussion

The results of the present study demonstrated that the expres-
sion of LMP1 was an independent factor for both PES and OS,
whereas miR-155 was significantly associated with PFS. IPI was
a predictor for OS in newly diagnosed DLBCL patients, whether
they received Rituximab therapy or not. Excluding the influence
of other clinical factors, IPI was able to predict the PFS of the
patients who were treated with RCHOP, and the OS of the
patients who were only treated with CHOP without Rituximab.
Furthermore, miR-155 had differing roles in OS according to
Rituximab, and the effect of miR-155 on OS was observed in
the group of patients treated with Rituximab. Just like it was
considered as an independent factor for OS of DLBCL patients.
Therefore, it may be concluded that Rituximab resulted in the
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Table II. Univariate analysis for PFS and OS in diffuse large B cell lymphoma patients treated with RCHOP.

PFS (0N}

Variable HR 95% CI P-value HR 95% CI P-value
Age, <60/ >60 years 0.671 0.103-4.615 0.707 0814 0.103-6.434 0.850
Sex, Male/Female 0.759 0.148-3.750 0.728 1.155 0.199-6.816 0.871
LDH, <200/ >200 U/1 0.449 0.043-2.713 0.326 1.001 0.112-8.950 0.999
B symptom, yes/no 0.870 0.173-4.270 0.858 1.001 0.167-5.991 0.999
Stage, I-1I/ITI-IV 0915 0.183-4.517 0911 1.330 0.233-7.812 0.746
IPI, 0-2/3-4 0.200 0.024-0.822 0.034* 0.291 0.034-1.525 0.138
ENE, yes/no 1.403 0.284-7.289 0.669 2.098 0.376-13.16 0.392
LMP1, positive/negative 0.110 0.021-0.593 0.012* 0.144 0.022-0.844 0.037*
miR-155, <12/>12 fold high expression 0.183 0.021-0.770 0.026* 0.263 0.029-1.417 0.111

“P<0.05. CI, confidence interval; ENE, extranodal extension; HR, hazard ratio; IPI, international prognostic factors index; LDH, lactate
dehydrogenase; LMP1, latent membrane protein 1; miR, microRNA; OS, overall survival; PFS, progression-free survival; RCHOP,
Rituximab-cyclophosphamide, vincristine, doxorubicin and prednisone.
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Figure 4. PFS and OS of patients with lymphoma treated with RCHOP according to the expression of LMP1 and miR-155. (A) PFS and (B) OS by LMP1.
The difference between patients with LMP1* (n=8) and LMP1" (n=15) was statistically significant in PFS (P=0.012) and OS (P=0.037). (C) PFS and (D) OS
by miR-155. The difference between the group of high expression of miR-155 (<12 fold, n=17) and the group of very high expression of miR-155 (>12 fold,
n=6) was statistically significant in PFS (P=0.026); however, not in OS (P=0.111). PFS, progression free survival; OS, overall survival, HR, hazard ratio; CI,
confidence interval; CHOP, cyclophosphamide, vincristine, doxorubicin and prednisone; R, Rituximab; miRNA/miR, microRNA; LMP-1, latent membrane

protein 1.

varied role of IPI and miR-155 in predicting patient outcomes.
In the era of Rituximab, the assessment of therapy and prognosis
has become a complex procedure. Therefore, in combination
with clinical features, biomarkers will play an important role in
the prediction of patient outcomes.

Previous studies have presented a variety of conclusions
regarding which clinical factors truly affect patient outcomes,
with various contradictions among them (19,20). IPI, the only

globally used prognostic indicator in B cell lymphoma, was
verified to be associated with OS. However, in the Rituximab
era, it has failed to predict prognosis in a considerable
proportion of patients with B cell lymphoma (21). Therefore,
biomarkers seem to be more reliable in evaluating survival
along with clinical features. Various factors have previously
been identified to alter patient outcomes, including gene muta-
tions in B cell lymphoma-2, MYC, TP53 (22-24), the regulation
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Table III. Univariate analysis for PFS and OS in diffuse large B cell lymphoma patients treated with CHOP.

PFS (0N}
Variable HR 95% C1 P-value HR 95% C1 P-value
Age, <60/ >60 years 0.802 0.412-1.562 0.528 0.410 0.196-1.037 0.065
Sex, M/F 1.278 0.672-2.494 0.458 1.731 0.744-3 875 0.215
LDH, <200/ >200 U/1 1.063 0.553-2.069 0.849 0.761 0.321-1.744 0.508
B symptom, yes/no 0.720 0.364-1.338 0.308 0.716 0.288-1.671 0.423
Stage, I-1I/III-IV 0.861 0.442-1.637 0.644 0.873 0.376-2.024 0.753
IPI, 0-2/3-4 0.647 0.310-1.193 0.165 0.211 0.085-0.461 <0.001°
ENE, yes/no 0.608 0.309-1.123 0.120 0.688 0.302-1.552 0.372
LMP1, positive/negative 0.341 0.175-0.634 0.001° 0.317 0.156-0.803 0.015*
miR-155, <12/ >12 fold high expression 0.503 0.261-0.951 0.043¢ 0.409 0.190-0.977 0.048*

1P<0.05; *P<0.001. CI, confidence interval; ENE, extranodal extension; HR, hazard ratio; IPI, international prognostic factors index; LDH,
lactate dehydrogenase; LMP1, latent membrane protein 1; miR, microRNA; OS, overall survival; PFS, progression-free survival; CHOP,
cyclophosphamide, vincristine, doxorubicin and prednisone.
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Figure 5. PFS and OS of patients with lymphoma treated with CHOP according to the expression of LMP1 and miR-155. (A) PES and (B) OS by LMPI1. The
difference between patients with LMP1* (n=33) and LMP1" (n=26) was statistically significant in PFS (P=0.001) and OS (P=0.015). (C) PFS and (D) OS by
miR-155. The difference between the group of high expression of miR-155 (<12 fold, n=30) and the group of very high expression of miR-155 (>12 fold, n=29)
was statistically significant in PFS (P=0.043) and OS (P=0.048). PFS, progression free survival; OS, overall survival; CHOP, cyclophosphamide, vincristine,
doxorubicin and prednisone; miRNA/miR, microRNA; HR, hazard ratio; CI, confidence interval; LMP-1, latent membrane protein 1.

of miRNAs including miR-155, miR-21 and miR-124 (25-27), the disease (30). Additionally, in indolent primary cutaneous
and the expression of virus-infected relative genes (28,29).  B-cell lymphoma, Monsélvez et al (31) evaluated the associa-
Accumulating evidence has revealed that the expression tion between miR-155 expression and PFS (31).

of miR-155 may be a key biomarker in the development of In addition to miRNAs, the expression of LMP1, which
Iymphoma (25). miR-155-5p was also observed to be increased  results from EBV infection, may induce the development of
in Hodgkin's lymphoma, and contributed to development of  lymphoma (32,33). The prognostic value of LMP1 remains
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Table I'V. Multivariate analysis for PFS and OS in patients with diffuse large B cell lymphoma patients.

PFS oS
Variable HR 95% CI P-value HR 95% CI P-value
Age, <60/ >60 years 1.529 0.586-3.984 0.385 1432 0.428-4.797 0.560
Sex, M/F 0.908 0.443-1.859 0.791 0.521 0.192-1415 0.201
LDH, <200/ >200 U/l 0.583 0.256-1.330 0.200 0.405 0.140-1.171 0.095
B symptom, yes/no 1.081 0.451-2.591 0.861 1.077 0.373-3.108 0.890
Stage, I-1I/III-IV 2.130 0.922-4.922 0.077 2.043 0.784-5.320 0.144
IPI, 0-2/3-4 0.719 0.333-1.550 0.400 0.311 0.113-0.856 0.024*
ENE, yes/no 0.979 0.473-2.027 0.954 0.877 0.441-2.611 0.877
LMP1I, positive/negative 0.165 0.063-0.435 <0.001¢ 0.208 0.064-0.673 0.009°
miR-155, <12/ >12 fold high expression 0.415 0.193-0.891 0.024¢ 0.445 0.174-1.136 0.090

1P<0.05; *P<0.01; and °P<0.001. CI, confidence interval; ENE, extranodal extension; HR, hazard ratio; IPI, international prognostic factors
index; LDH, lactate dehydrogenase; LMP1, latent membrane protein 1; miR, microRNA; OS, overall survival; PFS, progression-free survival.

controversial, as the majority of studies are limited to a small
number of recruited patients. In 2012, a study including
16 extranodal natural killer (NK)/T-cell lymphoma (ENKTL)
patients demonstrated that LMP1 exhibited a significant
correlation with patient OS, thus LMP1 may be a prognostic
indicator of survival in lymphoma patients (34). Furthermore,
Bi et al (35) indicated that LMP1 upregulated PD-L1 through
the nuclear factor-kB pathway (induced by EBV), and this was
associated with the poor prognosis of lymphoma. This result
suggested that LMP1 may act as a prognostic predictor.

Notably, these studies presented a partial association
as they focused primarily on the mechanisms regarding
LMP1 and miR-155 functioning in the process of lymphoma
development. Hence, in order to evaluate the effect of these
biomarkers on prognosis, further data from patients should
be recruited and evaluated. The present retrospective analysis
was designed to collect information from DLBCL patients and
give a general conclusion regarding the association between
particular biomarkers and patient survival outcomes. The
results verified that the expression levels of LMP1 and miR-155
were associated with poor prognosis of patients, indicating
these two biomarkers as efficient predictors of PFS and OS,
supported by their oncogenic functions.

The present study demonstrated the favorable impact
and clinical value of LMP1 and miR-155 expression on the
PFS and OS of patients with newly diagnosed lymphoma,
suggesting that LMP1 and miR-155 should be analyzed
to evaluate patient prognosis as integral biomarkers. The
limitations of the present study included the relatively small
number of patients included and the lack of available data on
the EBV-DNA in cells. Furthermore, the expression of LMP1
was based on EBV infection, whereas not all EBV infected
lymphomas would induce LMP1. In addition, in China there
are different and more aggressive LMP1 variants, which
may occur due to genetic polymorphisms of the LMP1
oncogene. Specific sets of point mutations 1124 V/I152L and
F1441/D150A/L151, associated with high nuclear factor-kB
activation, may occur (36), as well as the presence of 30
and 69 bp deletions (37). The genetic polymorphisms of the

LMP1 oncogene were not analyzed here. These should be
considered in an in-depth analysis of the exact function of
LMP1 in DLBCL in the future. The prognostic values of
LMPI1 expression appear to be more sensitive and accurate
and after more patients are enrolled in the future studies,
a comparison between EBV and LMP1 may be performed.
Samples will also be collected samples from other places,
making it a multiple center study, in order to obtain a more
reliable result.
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