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Abstract

Exosomal microRNAs (miRNAs) are potential biomarkers for a variety of tumors,
but have not yet been studied in diffuse large B-cell lymphoma (DLBCL). Here, we
investigated the use of exosomal miRNAs in DLBCL diagnosis and prognosis. A total
of 256 individuals, including 133 DLBCL patients, 94 healthy controls (HCs), and 29
non-DLBCL concurrent controls (CCs), were enrolled. Exosomal miRNAs were
profiled in the screening stage using microarray analysis, and miRNA candidates
were confirmed in training, testing, and external testing stages using qRT-PCR.
Follow-up information on the DLBCL patients was collected, and miRNAs were used
to develop diagnostic and prognostic models for these patients. Five exosomal
miRNAs (miR-379-5p, miR-135a-3p, miR-4476, miR-483-3p, and miR-451a) were
differentially expressed between DLBCL patients and HCs with areas under the
receiver operating characteristic curve (AUC) of 0.86, 0.90, and 0.86 for the
training, testing, and external testing stages, respectively. Four exosomal miRNAs
(miR-379-5p, miR-135a-3p, miR-4476, and miR-451a) were differentially expressed
between patients with DLBCL and CCs, with an AUC of 0.78. One miRNA (miR-
451a) was significantly associated with both progression-free survival (PFS) and
overall survival (OS) of DLBCL patients, R analysis indicated the combination of
miR-451a with international prognostic index was a better predictor of PFS and OS
for these patients. Our study suggests that subsets of circulating exosomal miRNAs
can be useful noninvasive biomarkers for the diagnosis of DLBCL and that the use of
circulating exosomal miRNAs improves the identification of patients with newly

diagnosed DLBCL with poor outcomes.
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1 | INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is a lymphoproliferative dis-
order that originates in B-lymphocytes. As the most common subtype
of non-Hodgkin lymphoma (NHL), it accounts for 30%-40% of all
NHL globally* and for more than 15,000 deaths in China every year.?
Currently, the diagnosis of DLBCL depends largely on pathologic
analysis of biopsy tissue,® which is an invasive procedure and poses
risks to patients. In addition, although the international prognostic
index (IPl) has been widely used as a prognostic factor for DLBCL
cases,* patients in similar prognostic groups often have heteroge-
neous outcomes,’ suggesting certain shortcomings with the current
prognostic evaluation system.

Exosomes are tiny vesicles (30-100 nm in diameter) wrapped in
cup-shaped lipid bilayers that are released into body fluids by many
types of cells.® Exosomes are stable in peripheral blood and encap-
sulate many bioactive molecules,®” such as signal proteins, enzymes,
and nucleic acids, including microRNAs (miRNAs).® These miRNAs are
small (21-23 nucleotides), noncoding RNAs that help regulate gene
with mRNA at the post-

transcriptional level.2 Several studies have suggested that exosomal

expression through interaction
miRNAs isolated from peripheral blood can be noninvasive bio-
markers for detecting tumors or monitoring disease progression and
treatment efficacy.”"** However, their value in assessing patients
with DLBCL has not yet been determined.

Here, we conducted a study consisting of five sequential stages
to determine the value of exosomal miRNAs in DLBCL (Figure 1). In
the screening stage, we identified 22 exosomal miRNAs that were
significantly differentially expressed between DLBCL cases and
healthy controls using an Exigon microarray platform. In the training
stage, we winnowed the 22 exosomal miRNAs to 5 miRNAs using
quantitative reverse transcription polymerase chain reaction (qRT-
PCR). These five exosomal miRNAs were further confirmed in the
cohort of testing and external testing stages using qRT-PCR. Finally,
we evaluated the 5-miRNA panel's diagnostic performance with lo-
gistic regression and prognostic performance using the R-language.
Our results indicated that the 5-miRNA panel showed an excellent
performance in diagnosing DLBCL, and the combined “IPI + miR-
4513” model performed better than IPl or miR-451a data alone in
predicting the outcomes of DLBCL patients.

2 | METHODS

Figure 1 shows the flow chart of the study.

2.1 | Participants

The cohort in the screening stage included 10 DLBCL patients and 5
HCs, with no significant age or sex difference between the two
groups. We further interrogated a training stage of 48 individuals, a

testing stage of 164 individuals, and an external testing stage of 241

individuals. The three stages were as follows: cohort (1) in the
training stage included 24 DLBCL patients and 24 HCs; (2) in the
testing stage consisting of 99 DLBCL patients and 65 HCs, and (3) in
the external testing stage included 123 DLBCL patients, 82 HCs, and
29 non-DLBCL concurrent controls (CCs). 123 DLBCL patients and
89 HCs in external testing stage were recruited from the training and
testing stages; 29 CCs were patients who had 1 of 3 lymphoma
subtypes, including 19 natural killer/T-cell lymphoma cases, 4 follic-
ular lymphoma cases, and 6 Hodgkin lymphoma cases.

Healthy controls were people whose health status was confirmed
by routine physical examinations at West China Hospital. Hospital-
ized patients with lymphoma were recruited at the Department of
Hematology and Department of Oncology in West China Hospital
who did not receive any specific treatment (including surgical treat-
ment, chemotherapy, or radiotherapy) without other malignancies or
serious infections between December 2016 and May 2018. The
diagnosis of lymphoma was established using the National Compre-
hensive Cancer Center guideline.!? Post-treatment surveillance
evaluation was conducted through outpatient follow-up or telephone
interviews every 3 months for the first year and every 6 months for
the next few years. The cutoff date for follow-up was 31 October
2020.

This study was approved by the Institutional Review Board of
West China Hospital (No. 2016 (302)). All participants provided

written informed consent for blood collection and follow-up.

2.2 | Exosome isolation and characterization

A 6-ml peripheral blood sample was collected from each participant
within 48 h of admission and separated for serum within 4 h. Exo-
Quick Exosome Precipitation Solution (System Biosciences), an
isolation kit for sensitive downstream application,” was used to
extract exosomes from serum (Figure S1A). Isolated exosomes were
identified by nanoparticle tracking analysis (NTA), transmission
electron microscopy (TEM), and western blotting. Specifically, the
size and concentration of particles were examined by NTA using a
Nanosight NS300 (Malvern Instruments). The morphology of parti-
cles was determined using TEM (FEI Tecnai™ G2 Spirit) at 80 kV. The
exosome-specific marker proteins CD63, CD81, and HSP70 were
detected by western blot and probed with corresponding antibodies
(System Biosciences). GAPDH (Beyotime) was used as an internal

control.

2.3 | Exosomal RNA isolation and cDNA
preparation

Total RNA was extracted using the miRNeasy Serum/Plasma
Advanced Kit (Qiagen) according to the manufacturer's in-
structions. Ce_miR-39_1 (Qiagen) was chosen as a “spike-in”
normalization control for gRT-PCR quantification®>!* and added to

the reaction system when exosome pellets were resuspended in



74 | _WILEY

CAO ET AL

1. Screening Stage
3100 miRNAs

Participants
(1) 10 DLBCL patients
(2) 5 healthy controls

Method

(1) Serum exosome samples were profiled
with miRCURY LNA™ microRNA Array, 7t
array

(2) DE miRNAs: fold-change>1.5, FDR<0.05

v

332 DE exosomal miRNAs
Union of the top 20 miRNAs and previously
identified miRNAs (miR-155-5p and miR-21-
5p) through literature

2. Training Stage

22 DE exosomal miRNAs_

4. External Testing Stage

Participants

(1) *123 DLBCL patients

(2) *89 healthy controls

(3) 29 concurrent controls

*from cohorts in training and testing stages

Data
5 DE exosomal miRNA

Method

(1) miRNAs were quantified using qRT-PCR
(2) Comparisons: DLBCL vs HC, DLBCL vs
CC,HCvsCC

(3) miRNA selection criteria: fold-change >
1.5,p<0.05 10 <Ct< 34

5. Model Establishing

Participants
(1) 24 DLBCL patients
(2) 24 healthy controls

Method

(1) miRNAs were quantified using gqRT-PCR
(2) Comparisons: DLBCL vs HC

(3) miRNA selection criteria: fold-change >
1.5,p<0.0510<Ct< 34

v
5 DE exosomal miRNAs

3. Testing Stage

Participants
(1) 99 DLBCL patients
(2) 65 healthy controls

Method

(1) miRNAs were quantified using qRT-PCR
(2) Comparisons: DLBCL vs HC

(3) miRNA selection criteria: fold-change >
1.5,p<0.0510<Ct< 34

v

l

Participants*
*same as external testing stage

Diagnostic Model

Data
5 DE exosomal miRNA

Diagnostic Model Establishing Method
(1) Logistic regression and ROC analysis
(2) Comparisons: DLBCL vs HC, DLBCL vs
CC,HCvsCC

Prognostic Model

Data
(1) 5 DE exosomal miRNA
(2) IPI

Prognostic Model Establishing Method
(1) Cross-validation and R- language analysis
(2) Comparisons: DLBCL vs HC

5 DE exosomal miRNAs

FIGURE 1 Overview of the strategy for investigating exosomal miRNAs and diagnostic and prognostic models for DLBCL patients. CC,
concurrent control; DE exosomal miRNAs, differentially expressed exosomal miRNAs; DLBCL, diffuse large B-cell lymphoma; HC, healthy

control; IPI, international prognostic index

Qiazol. RNA quality and yield were measured using an ND-1000
RNA

samples with a 260/280-nm absorbance ratio greater than 1.8 and

Nanodrop Spectrophotometer (Thermo Fisher Scientific).

a 260/230-nm absorbance ratio greater than 2.0 were considered
acceptable for subsequent analysis. A miScript Il RT Kit (Qiagen)
was used to reverse transcribe the cDNA. The obtained cDNA was
diluted in 100 pl of RNase-free water and stored at —80°C until

further use.

2.4 | Exosomal RNA profiling

RNA labeling and array hybridization were performed by Kang-

Chen Bio-Tech Company according to the manufacturer's

instructions. Replicated miRNAs were averaged, and miRNAs with
intensities >30 in all samples were chosen for calculating the
normalization factor. Expressed data were normalized using me-
dian normalization, and differentially expressed exosomal miRNAs
with statistical significance were selected based on the following
criteria: an absolute expression fold change greater than 1.5 and a
false discovery rate value less than 0.05. Real-time PCR was
performed to confirm the conformation. Differentially expressed
miRNAs were identified using volcano plot screening. Cluster
analysis was carried out by hierarchical clustering to show distin-
guishable miRNA expression profiles among samples. The micro-
array profile data were submitted to the NCBI Gene Expression
Omnibus (GSE171272, https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE171272).
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2.5 | miRNA gRT-PCR quantification

MiIRNA was quantified using the miScript SYBR® Green PCR Kit and
miRNA-specific primers (Qiagen). A no-cDNA template control and a
negative control were included in each plate. All miRNAs were
measured in a blinded fashion, and all samples were analyzed in trip-
licate. The average cycle threshold (Ct) was recorded. The Ct(mirna) had
to range between 10 and 34 to be acceptable. The relative concen-
tration of MiRNA was calculated using the comparative 2724 method
as follows: ACt = Ct(mirna) — Ctice mir-39 1)and AACt = ACt — average

Ct(healthy control)-

2.6 | Statistical methods

Nonparametric Mann-Whitney or Kruskal-Wallis tests were used to
compare relative miRNA expression levels between different groups;
Kaplan-Meier method and log-rank test were applied to plot
progression-free survival (PFS) and overall survival (OS); Cox pro-
portional hazard model was employed to identify independent
outcome predictor and compute hazard ratio; receiver operating
characteristic (ROC) curve and logistic regression were adopted to
estimate the diagnostic value of the candidate miRNAs.

Predictive value of the “miRNA + IPI” model for PFS and OS was
calculated with R language and a K-fold cross-validation method was
applied to avoid overfitting.”*° In brief, data were first split into K
folds: Fy, Fy, ..., Fi (parameter K = 5 in this process). Foriin 1, ..., K, we
used one fold F; as the validation set, then the other K — 1 folds as
the training set to build the Cox model, and coxph function in survival
package was applied to fit the Cox model. Finally, AUC of this model
on the validation set was evaluated and the calculation for-
mula of AUC was AUC =1 K, AUC,.

Data were analyzed using SPSS v22.0, GraphPad Prism v7.0, and
R v3.6.2. All statistical tests were two-sided, alpha was set to 0.05,
and 95% confidence intervals (Cl) were calculated as needed.

3 | RESULTS

3.1 | Characteristics of enrolled participants

We prospectively enrolled 256 individuals, including 15 subjects (10
DLBCL patients and 5 HCs) in the screening stage, 48 subjects (24
DLBCL patients and 24 HCs) in the training stage, 164 subjects (99
DLBCL patients and 65 HCs) in the testing stage, and 29 non-DLBCL
lymphoma cases who served as concurrent controls in the external
testing stage at West China Hospital, Sichuan University. The char-
acteristics of the 256 participants are presented in Table S1.

The median follow-up time of DLBCL cases was 36 months
(1-45 months). Of the 123 patients with DLBCL (10 DLBCL pa-
tients in the screening stage were excluded to avoid repeated
detection), 12 DLBCL patients were lost to follow-up, and another

2 were transferred to local hospitals where the disease state could
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not be determined clearly. Finally, 111 DLBCL cases were included
for OS analysis, and 109 DLBCL cases were included for PFS

analysis.

3.2 | Exosome characterization

Nanoparticle tracking and electron microscopy showed that exo-
somes appeared as cup-shaped vesicles between 80 and 95 nm in
diameter (Figure S1B,C), which was consistent with the finding of
previous studies.®*® Immunoblot analysis detected the exosomal
marker proteins CD63, CD81, and HSP70 in the extract (Figure S1D).

3.3 | Circulating exosomal miRNA profiling from
the screening stage

Among the 3100 miRNAs detected by microarray analysis, 157 were
highly expressed and 175 were expressed at low levels in the DLBCL
group. The top 20 out of the 332 miRNAs that met the criteria for
fold change and statistical significance (Figure 2) with two other
miRNAs, miR-155-5p and miR-21-5p,*”*® which were identified in
tissue samples as diagnostic biomarkers for DLBCL by many previous

studies, were chosen for the further validation stage outlined below.

3.4 | Validation of circulating exosomal miRNAs by
gRT-PCR

Expression levels of the 22 miRNAs identified in the screening stage
were evaluated in a larger training sample set including 24 DLBCL
patients and 24 HCs. As a result, eight individual miRNAs (miR-379-
5p, miR-135a-3p, miR-4476, miR-483-3p, miR-451a, miR-551a, miR-
135b-5p, and miR-155-5p) that met the predetermined criteria
(Ct(mirna) Values ranging from 10 to 34) were identified and included
in the next analysis. Five miRNAs, consisting of three high-expression
miRNAs (miR-379-5p, miR-135a-3p and miR-4476) and two low-
expression miRNAs (miR-483-3p and miR-451a), among the above
eight miRNAs, were differentially expressed, as defined by fold
changes greater than 1.5 and p-values less than 0.05 (Figure S2A).

Next, these five miRNAs were subjected to validation in the
testing stage with 99 DLBCL patients and 65 HCs, and the differ-
ential expression patterns of the five miRNAs between DLBCL pa-
tients and HCs were concordant with results in the training stage
(Figure S2B).

These five miRNAs were subsequently tested in 29 concurrent
controls in the external testing stage to assess their potential form in
non-DLBCL lymphoma subtype cases. The results suggested that
miR-379-5p, miR-135a-3p, miR-4476, and miR-451a were differen-
tially expressed in non-DLBCL lymphoma subtype when compared
with those in DLBCL patients, whereas only miR-451a was differ-
entially expressed in on-DLBCL lymphoma subtype when compared
with that in HCs (Figure S2C).
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Group
I DL BCL
HC

hsa-miR-647
hsa-miR-576-5p
hsa-miR-5193
hsa-miR-135b-5p
hsa-miR-1204
hsa-miR-483-3p
hsa-miR-885-5p

hsa-miR-451a
hsa-miR-152-5p
hsa-miR-551a
hsa-miR-135a-3p
hsa-miR-4464
hsa-miR-30b-3p
hsa-miR-4476
hsa-miR-200c-3p
hsa-miR-450a-5p
hsa-miR-5187-5p
hsa-miR-379-5p
hsa-miR-1244

\;‘1« \;b‘ \;03 \;\ \;‘b ,\Q 9 ,Q> fb f\ ,\93 ,\'b ,\b‘ ,\q, N
OY 607 07 07 O o 4 C) C) U U U U C)’
(B)

Expression miRNA Fold change FDR

Down Expression  has-miR-1204 0.030985756 5.03E-07
has-miR-135b-5p 0.041376179 3.81E-06
has-miR-551a 0.043168624 3.35E-08
has-miR-451a 0.06927249 1.32E-06
has-miR-5193 0.072698935 3.72E-06
has-miR-576-5p 0.076929174 3.56E-06
has-miR-647 0.079285483 9.62E-07
has-miR-1255b-2-3p  0.116410637 1.45E-06
has-miR-885-5p 0.140525814 5.23E-07
has-miR-152-5p 0.145584992 1.71E-08
has-miR-483-3p 0.159971047 3.75E-06

Up Expression has-miR-4476 12.43074478 3.30E-07
has-miR-4464 12.35507967 0.005060152
has-miR-200c-3p 10.89192057 3.35E-08
has-miR-5187-5p 10.40018529 5.45E-09
has-miR-1244 8.849505258 0.000116896
has-miR-379-5p 7.799123979 0.000120611
has-miR-450a-5p 6.906357877 2.10E-07
has-miR-135a-3p 6.682322073 1.86E-06
has-miR-30b-3p 6.681591434 0.000402273

hsa-miR-1255b-2-3p

FIGURE 2 Twenty candidates differentially expressed miRNAs were selected from the screening stage. (A) Hierarchical clustering of the
differentiation between diffuse large B-cell lymphoma (DLBCL) patients and healthy controls based on the expression of 20 differentially

expressed exosomal miRNAs. The screening set included 10 DLBCL patients and 5 healthy controls. A red diamond indicates increased miRNA
expression, a blue diamond represents decreased miRNA expression, and deeper color means a larger fold change. (B) The expression of 20
miRNAs in the screening stage. FDR, false discovery rate
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Diagnostic value of circulating exosomal

suggested that the combined panel of five miRNAs showed better

miRNAs

To determine the diagnostic performance characteristics of the five
miRNAs in distinguishing DLBCL patients from HCs, we plotted ROC
curves for each miRNA as well as the 5-miRNA panel in the training,

testing, and external testing stages, respectively. The results

performance in diagnosing DLBCL than a single miRNA signature
(Figure 3 and Table 1).

We also plotted ROC curves for the four miRNAs with differential
expression between DLBCL patients and lymphoma subtype controls
to assess their differential diagnostic ability, and the AUC for miR-
379-5p was 0.73 (95% Cl: 0.65-0.80; sensitivity: 0.52; specificity:
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FIGURE 3 Performance characteristics of circulating exosomal
miRNAs in diagnosing diffuse large B-cell lymphoma (DLBCL).
Panels A, B, and C show ROC curves of individual miRNAs and the
combined miRNA panel in the training, testing, and external testing
stages to discriminate DLBCL patients from healthy controls. The
AUC of miR-379-5p, miR-135a-3p, miR-4476, miR-483-3p, miR-
451a, and the 5-miRNA panel are expressed as blue, green, yellow,
purple, orange, and red curves, respectively. (A) Results for 24
DLBCL patients and 24 healthy controls in the training stage.

(B) Results for 99 DLBCL patients and 65 healthy controls in the
testing stage. (C) Results for 123 DLBCL patients and 89 healthy
controls (the combined two cohorts of training and testing stages)
in the external testing stage. AUC, area under the curve
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0.94); for miR-135a-3p, 0.67 (95% Cl: 0.59-0.74; sensitivity: 0.62;
specificity: 0.66); for miR-4476, 0.64 (95% Cl: 0.55-0.71; sensitivity:
0.31; specificity: 0.98); for miR-451a, 0.67 (95% Cl: 0.59-0.75; sensi-
tivity: 0.86; specificity: 0.45); and for 4-miRNA-panel, 0.78 (95% Cl:
0.70-0.84; sensitivity: 0.90; specificity: 0.56) (Figure S3A). We sub-
sequently estimated the diagnostic value of miR-451a in distinguish-
ing lymphoma subtype controls from healthy controls. Unexpectedly,
miR-451a alone showed excellent performance with an AUC of 0.77
(95% Cl: 0.68-0.84; sensitivity: 0.86; specificity: 0.63) (Figure S3B).

3.6 | Association between exosomal miRNA
abundance and clinical characteristics

To explore the relationship between exosomal miRNA expression
levels and clinical parameters, we analyzed clinicopathological cor-
relations in patients with DLBCL, who constituted the largest group
included in this study. Our result suggested in DLBCL cohort, adverse
prognostic factor of advanced stage disease (stages IlI-IV) was
associated with lower concentrations of miR-451a (Figure S4E).

3.7 | Prognostic significance of circulating exosomal
miRNAs in DLBCL

Given that exosomal miR-451a was differentially expressed in
different DLBCL groups, we hypothesized that these miRNAs may
predict the prognosis of DLBCL. We first investigated the association
between miRNAs and patient outcomes with miRNA expression
dichotomized at the median value. The result showed only miR-451a
was a significant risk factor for both of PFS and OS (Figure 4).
Moreover, miR-451a was still significant after adjustment for the IPI
(Table S2), which is an accepted prognostic factor in DLBCL and also
showed excellent performance in predicting outcomes in our DLBCL
cohort (Figure S5).

To further assess the prognostic value of the signature of miR-
451a, we performed an AUC analysis with cross-validation. The
combination of the signature of miR-451a with IPI had better pre-
diction for PFS and OS than when the miR-451a signature was
excluded (Figure 5). Together, these data indicated that circulating
exosomal miRNAs could improve the prognostic stratification of pa-
tients with DLBCL, in addition to the IPI.

4 | DISCUSSION

Among various biomolecules associated with tumors, exosomal
miRNA is considered as the most promising one. Exosomal miRNAs
can be relatively easily isolated from body fluids and tested by qRT-
PCR, suggesting their potential roles in cancer diagnosis and prog-
nosis.” 1929 Compared with other noninvasive biomarkers, exoso-
mal miRNAs have a protective lipid bilayer membrane and are
therefore more stable.®?122 |n addition, other noninvasive bio-
markers may complicate diagnosis and prognosis because they are
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TABLE 1 Performance characteristics of microRNAs for diagnostic model in DLBCL patients

Training stage Testing stage External testing stage
miRNA AUC (95% CI) Sensitivity Specificity AUC (95% ClI) Sensitivity Specificity AUC (95% ClI) Sensitivity Specificity
miR-379-5p 0.70 (0.55-0.82) 0.75 0.58 0.82 (0.75-0.88) 0.90 0.58 0.77 (0.70-0.82) 0.92 0.47
miR-135a-3p 0.73 (0.59-0.85) 0.75 0.75 0.75 (0.67-0.81) 0.94 0.52 0.75 (0.69-0.81) 0.92 0.52
miR-4476 0.71 (0.56-0.83) 0.50 0.83 0.65 (0.57-0.72) 0.52 0.75 0.65 (0.59-0.72) 0.60 0.67
miR-483-3p 0.71 (0.57-0.84) 0.58 0.79 0.70 (0.63-0.77) 0.88 0.49 0.71 (0.65-0.77) 0.81 0.54
miR-451a 0.74 (0.59-0.85) 0.88 0.50 0.61 (0.53-0.69) 0.81 0.46 0.65 (0.58-0.71) 0.82 0.47
5-miRNA panel 0.86 (0.73-0.94) 0.88 0.71 0.90 (0.85-0.94) 0.83 0.85 0.86 (0.81-0.91) 0.84 0.81
(A) (B)
£ 1005 100
.g . < High miR-451a
< : High miR-451a .
3 . <
(7] . 2
3 3 E
- =1 iR-

"é: 50 . @ 50 Low miR-451a
S 3 Low miR-451a T
] . 2
£ é
<) 1 P=0.0006 P=0.0002
o -

0 T T T T 1 0 T T T T 1

0 10 20 30 40 50 0 10 20 30 40 50
Follow-up (months) Follow-up (months)

FIGURE 4 Survival analysis of different concentrations of circulating exosomal miR-451a in DLBCL patients. Kaplan-Meier survival curves
of (A) predicting progression-free survival and (B) overall survival in patients with DLBCL. miRNAs expression is dichotomized as high or low
according to the median value

(A) (B)
o | S_
— miR-451a + IPI — miR-451a + IPI
o )
31 — P 1 — P
miR-451a miR-451a
0 (-]
o o]
O ~ (&)
D 31 =
< ° < \é\\;&%m

Mm

0
0

0
0

10 15 20 25 30 10 15 20 25 30 35
Follow-up(months) Follow-up(months)

o+
[3,]
o4
(3]

FIGURE 5 Areaunder the ROC (AUC) curves based on multivariate Cox proportional hazard model using a time-dependent ROC analysis.
The AUC of international prognostic index, miR-451a, and the combined indicator miR-451a and IPI are expressed as blue, green, and red
curves, respectively. (A) is that for progression-free survival, and (B) is that for overall survival. Cross-validation has been applied to this
analysis to avoid overfitting

passively released by apoptotic and necrotic cells.?®> Exosomes, In this study, we designed a rigorous five-stage study to deter-

10,24

however, are actively secreted by living cells, rendering a more mine the value of serum exosomal miRNAs in DLBCL, and five miR-

reliable body status for predicting diagnosis or prognosis. NAs (miR-379-5p, miR-135a-3p, miR-4476, miR-483-3p, and miR-
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451a) were identified using microarray analysis and qRT-PCR. The
combined panel of all five miRNAs had the ability to diagnose DLBCL
with an AUC of 0.86. However, the panel did not perform well in
discriminating between patients with DLBCL and concurrent controls
with lymphoma subtypes. We speculated that this poor ability was
principally caused by the complex composition of concurrent con-
trols, which consisted of patients with three different lymphoma
subtypes.

Moreover, we found specific circulating exosomal miRNA can be
critical in defining worse prognosis in patients with newly diagnosed
DLBCL, and combination of miRNA with IPIl, an established prog-
nostic factor, could serve as a better indicator for predicting out-
comes of these patients. We assumed this improved performance in
prognosis was due to the addition of biological heterogeneity of
miRNA, remedying shortcomings of the IPI that primarily relies on
clinical features. Besides IPIl, we also tried to combine miRNA with
other potential prognostic factors, like cell-of-origin (COO) classifi-
cation. However, COO failed to stratify patients' outcomes in our
DLBCL cohort (Figure Sé), suggesting the prognostic role of COO
defined by immunohistochemistry may be still controversial in
DLBCL patients.

Even reports regarding these five miRNAs in DLBCL is rare,
miRNA-target gene analysis has showed their strong association with
DLBCL's generation and development (Figure S7). Studies in other
types of tumors also confirmed their roles in cancer pathogenesis and
progression. For example, a lower concentration of miR-451a was
reported to be associated with a poorer pathologic stage in patients
with lung cancer and promoted cell survival by targeting c-MYC in
patients with prostate cancer.?>2¢ Our previous research also indi-
cated that miR-451a was a potential biomarker for therapy response
monitoring in DLBCL patients, and its expression level gradually
increased in patients who achieved remission,?” this result being
validated by other researchers.?® miR-483-5p has been identified as
an antitumor miRNA in breast cancer that targets histone deacety-
lase 8 or cyclin E1, which suggests that miR-483-3p affects cell
growth and apoptosis.2?3°

miR-379-5p has been reported to be downregulated in many
cancer tissues. However, overexpression of miR-379-5p was observed
in patients with DLBCL in our study. We assumed this because miRNAs
could be selectively secreted from original cancer cells by exosomes. A
previous study has indicated that miR-379-5p was downregulated in
gastric cancer tissue samples and functioned as a tumor suppressor in
cancer development. Interestingly, researchers also found that exo-
somal miR-379-5p was higher in circulating exosomal samples from
gastric cancer patients with poor outcomes. Scholars further validated
the upregulated expression level of miR-379-5pin a cell line model and
speculated that the translocation of miR-379-5p from cancer cells to
the circulation system might contribute to the high regulation of miR-
379-5pin circulatory exosomal samples.3! Similar conditions have also
been reported in lung cancer.>2%3 This implies that the profiling of
miRNAs in circulating exosomes is significantly different from that in

tissue or blood.

Both miR-135a-3p and miR-4476 were reported to be upre-
gulated miRNAs that promote cell proliferation, migration, and
invasion in CNS tumors.®4#®> Further mechanistic analyses indi-
cated that adenomatous polyposis coli, a negative regulator of the
Wnt/B-catenin signaling pathway, is a direct target of miR-4476
and mediates the oncogenic effect of miR-4476 in glioma.®® This
may explain high concentrations of these two miRNAs in DLBCL
cases.

5 | CONCLUSIONS

In conclusion, we identified a panel of five miRNAs in circulating
exosomes that can be used as noninvasive biomarkers for diagnosing
DLBCL. Circulating exosomal miR-451a had prognostic value, and the
combination of miR-451a with IPI could serve as a better indicator

for the prediction of PFS and OS in these patients.
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