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Abstract 13 

Background: Exosomal microRNAs (miRNAs) are potential biomarkers for a variety of tumors but 14 

have not yet been tested in diffuse large B-cell lymphoma (DLBCL). Here we sought to determine 15 

whether circulating exosomal miRNAs are differentially expressed in the blood of DLBCL patients 16 

compared with those in the blood of non-DLBCL patients with lymphoma and healthy subjects. In 17 

addition, we sought to explore whether circulating exosomal miRNAs could be used as prognostic 18 

predictors for DLBCL patients. 19 

Methods: Circulating exosomal miRNAs were isolated and used to perform miRNA expression profiling 20 

using quantitative reverse transcription polymerase chain reaction (qRT-PCR) based on Exiqon 21 

microarray from 10 DLBCL patients and 5 healthy subjects. Using qRT-PCR, miRNA candidates were 22 

first evaluated in the testing stage (24 DLBCL patients vs. 24 healthy subjects) and further confirmed in 23 

validation stage(99 DLBCL patients vs. 65 healthy subjects). Meanwhile, we also explored miRNAs 24 
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concentrations in 29 non-DLBCL lymphoma cases, which were enrolled as concurrent control in this 25 

study. And lastly, relationships between miRNA level and patient outcomes including overall survival 26 

(OS) and progression-free survival (PFS) were studied.  27 

Results: Five circulating exosomal miRNAs (miR-379-5p, miR-135a-3p, miR-4476, miR-483-3p and 28 

miR-451a) were differently expressed in DLBCL patients compared with healthy controls. The 5-29 

miRNA panel enabled us to predicted the probability of a diagnosis of DLBCL with an area under 30 

curve(AUC) of 0.863. Four circulating exosomal miRNAs (miR-379-5p, miR-135a-3p, miR-155-5p and 31 

miR-451a) were differently expressed between DLBCL patients and concurrent controls, the AUC of 32 

this 4-miRNA panel in distinguishing DLBCL patients from concurrent controls was 0.775. One miRNA, 33 

namely miR-451a, was significantly associated with both PFS and OS of DLBCL patients in the 34 

univariate analysis, and still statistically significant after adjusting for the International Prognostic 35 

Index(IPI) in the multivariate analysis. The combination of circulating miR-451a with IPI had a better 36 

predication for PFS and OS. 37 

Conclusions: Our study suggested subsets of circulating exosomal miRNAs could be useful noninvasive 38 

biomarkers for the diagnosis of DLBCL and the use of circulating exosomal miRNA improves the 39 

identification of patients with newly diagnosed DLBCL with poor outcomes.  40 

Keywords 41 

Diffuse large B-cell lymphoma, exosome, microRNA, diagnosis, prognosis, biomarker 42 

Background   43 

Diffuse large B-cell lymphoma (DLBCL) is a lymphoproliferative disorder originating in B-lymphocytes. 44 

The most common subtype of non-Hodgkin Lymphoma, it accounts for 30% to 40% of all cases in 45 

different geographic regions (1), and for more than 15,000 deaths in China every year (2). Currently, the 46 

diagnosis of DLBCL depends largely on pathologic analysis of biopsy tissue (3), which is an invasive 47 

procedure and often poses some risk to patents. Moreover, because most patients with DLBCL lack 48 

specific, apparent symptoms, many patients are diagnosed at late, even incurable stage (4), which greatly 49 

impair the outcomes of DLBCL patients. Although the International Prognostic Index(IPI) has been 50 
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widely used as prognostic factors (5), patients in similar prognostic groups often have heterogeneous 51 

outcomes (6), suggesting certain shortcomings with the current prognostic evaluation system. Thus, new 52 

and noninvasive biomarkers of the diagnosis and prognosis of DLBCL are urgently needed.  53 

Exosomes are tiny vesicles (30 to 100nm in diameter) wrapped in cup-shaped lipid bilayers that are 54 

released into body fluids by many kinds of cells (7). Exosomes are stable in peripheral blood and 55 

encapsulate many bioactive molecules (7, 8), such as signal proteins, enzymes, and nucleic acids, 56 

including microRNA (miRNA)(7). These miRNAs are small (21 to 23 nucleotides), noncoding RNAs 57 

that help regulate gene expression through interaction with mRNA at the post-transcriptional level (9). 58 

Several studies have suggested that exsomal miRNAs isolated from peripheral blood could be 59 

noninvasive biomarkers for detecting tumor, or for monitoring disease progress and treatment efficacy 60 

(10-12). Although Circulating exosomal miRNA has been studied in many malignant cancers, their value 61 

in assessing patients with DLBCL has not yet been determined. Thus, we sought to determine whether 62 

circulating exosomal miRNAs could serve as biomarkers for the diagnosis and prognosis of DLBCL. 63 

Methods 64 

Study Design and Participants 65 

The study was designed as a prospective, explorative one. To determine the value of serum exosomal 66 

miRNAs in diagnosing DLBCL, we conducted a rigorous three-stage study, consisting of a screening 67 

stage to identify candidate miRNAs, a testing stage to select likely predictors, and a validation stage to 68 

verify their predictive abilities. An additional figure shows the flowchart of our study in more detail [see 69 

Supplemental Figure 1].  70 

The cohort in screening stage included 10 DLBCL patients and 5 healthy controls. They were 9 males 71 

and 6 females from ages 30 to 75 years, with no significant age and gender difference between DLBCL 72 

group and healthy control group. We prospectively interrogated a testing stage of 48 individuals and 73 

another independent validation stage of 164 individuals. The two stage were as follows:(1) The cohort 74 

in testing stage included 24 DLBCL patients and 24 healthy controls; (2) The cohort in validation stage 75 

consisted of 99 DLBCL patients and 65 healthy controls. Beyond that, 29 patients who had 1 of 3 76 
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lymphoma subtypes served as concurrent controls. Among these concurrent controls, 19 had natural 77 

killer/T-cell lymphoma, 4 had follicular lymphoma and 6 had Hodgkin lymphoma.  78 

The lymphoma cases were hospitalized patients recruited at the Department of Hematology and the 79 

Department of Oncology in West China Hospital who didn’t receive any specific treatment (including 80 

surgical treatment, chemotherapy and radiotherapy), without other systemic malignancies and serious 81 

infections, between August 2016 and December 2017. The diagnosis of lymphoma was established using 82 

National Comprehensive Cancer Center(NCCN) guideline (13). Histopathological examination and 83 

other laboratory tests were conducted by the College of American Pathologist (CAP) certified central lab 84 

of West China Hospital. Healthy controls were people who had no history of malignancy and whose 85 

health status were confirmed by routine physical examinations at West China Hospital. Post-treatment 86 

surveillance evaluation was conducted through outpatient follow-up or telephone interview every 3 87 

months for the first years and every 6 months for next years. The Cut-off date for follow-up was May 88 

31st, 2020. 89 

Exosome Isolation and Characterization 90 

A 6 ml peripheral blood sample was collected within 48 hours of admission from each participant and 91 

separated for serum within 4 hours in a centrifuge at 3,000×g for 15 minutes at room temperature and at 92 

10,000×g for 30 minutes at 4°C. ExoQuick Exosome Precipitation Solution (System Biosciences, USA), 93 

an isolation kit for sensitive downstream application (10), was used to extract exosome from serum. 94 

Details regarding the process of exosome extraction are presented in Supplemental Figure 2A. Isolated 95 

exosomes were identified by Nanoparticle tracking analysis (NTA), Transmission Electron Microscopy 96 

(TEM) and Western blot (WB). To be more specific, the size and concentration of the particles were 97 

examined by nanoparticle tracking with a Nanosight NS300 (Malvern Instruments, UK). The 98 

morphology of the particle was determined with TEM (FEI Tecnai™ G2 Spirit, Czech Republic) at 80 99 

KV. Exosome-specific marker proteins CD63, CD9, CD81 and HSP70 were adequately detected by 100 

Western blot, probed with corresponding antibodies (System Biosciences, USA). GAPDH (Beyotime, 101 

China) was used as internal controls. 102 

Exosomal RNAs Isolation and cDNA Preparation 103 
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Total RNA was extracted by using an miRNeasy Serum/Plasma Advanced Kit (Qiagen, Germany) 104 

according to manufacturer’s instructions. Ce_miR-39_1 (Qiagen, Germany) was chosen as a “Spike-In” 105 

normalization control for qRT-PCR quantification (14, 15) and added to the reaction system when the 106 

exosome pellets were resuspended in Qiazol. RNA quality and yield were measured with an ND-1000 107 

Nanodrop Spectrophotometer (Thermo Fisher Scientfic, MA). RNA samples with a 260/280-nm 108 

absorbance ratio great than 1.8 and a 260/230-nm absorbance ratio great than 2.0 were considered to be 109 

acceptable for subsequent analysis. An miScript II RT Kit (Qiagen, Germany) was used to reverse 110 

transcription for cDNA. The obtained cDNA was diluted into 100 µl of RNase-free water and stored at -111 

80 °C until use. 112 

Exosomal RNA Profiling 113 

RNA labeling, and array hybridization was performed by the KangChen Bio-tech Company (Shanghai, 114 

China) with the instruction of Exiqon's manual. Replicated miRNAs were averaged, and miRNAs with 115 

intensities of 30 or greater in all samples were chosen for calculating the normalization factor. Expressed 116 

data were normalized using Median normalization, and differentially expressed exosomal miRNAs with 117 

statistical significance were selected based on the following criteria: an absolute expression fold changes 118 

greater than 1.5 and a false discovery rate (FDR) value less than 0.05. Real-time PCR was used for 119 

conformation. Differentially expressed miRNAs were identified through volcano plot screening. Cluster 120 

analysis was carried out by hierarchical clustering to show distinguishable miRNA expression profiling 121 

among samples. 122 

Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR) of miRNA 123 

miRNA was quantified with a miScript SYBR
® 

Green PCR Kit and miRNA-specific primers (Qiagen, 124 

Germany). A no-cDNA template control and a negative control were included in each plate. All miRNAs 125 

were measured in a blinded fashion and all samples were analyzed in triplicate. The average cycle 126 

threshold (Ct) was recorded, to be acceptable, the Ct（miRNA）had to range between 10 and 34 and be 6 127 

lower than the negative control. The relative concentration of miRNA were calculated using the 128 

comparative 2-△△Ct method as: △Ct=Ct（miRNA）-Ct（Ce_miR-39_1），△△Ct=△Ct-average Ct (healthy control).  129 
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Statistical Methods 130 

Relative expression concentrations of miRNA were compared between different groups with 131 

nonparametric Mann-Whitney and Kruskal-Wallis tests. MiRNA species were considered to be 132 

differently expressed if the fold-change was greater than 1.5 and P-value was less than 0.05. 133 

To determine the effect of miRNAs on progression-free survival(PFS) and overall survival(OS), the 134 

Kaplan-Meier method and log-rank test were performed to plotted PFS and OS based on the dichotomy 135 

of median of miRNA. A Cox proportional hazard model was employed to compute the hazard ratio (HR). 136 

The multivariate Cox proportional hazard modeling was used to identify independent outcome predictors 137 

after adjusting for IPI values, which was one accepted confounding factor in DLBCL prognosis (5).  138 

Receiver operating characteristic (ROC) curves and logistic regression were used to estimate the 139 

diagnostic and prognostic value of the candidate miRNAs. The area under curve (AUC) of a single 140 

candidate miRNA and of combined panels were compared to determine their diagnostic performance. 141 

The predictive values of miRNA expression for PFS and OS were also calculated from ROC curves with 142 

R-language and cross-validation was applied to this analysis to avoid overfitting (10, 16). We compared 143 

the curves of the miRNA expressions alone, of IPI, and both to evaluate the predictive value of the 144 

miRNA expressions. 145 

Data were analyzed with R version 3.6.2, SPSS software version 22.0 and GraphPad Prism software 146 

version 7.0. All statistical tests were 2-sided, alpha was set to 0.05 and 95% confidence intervals (CI) 147 

were calculated as needed. 148 

Results 149 

Characteristics of Enrolled Participants 150 

We prospectively enrolled a final number of 256 individuals, including 15 subjects in testing stage (10 151 

DLBCL patients and 5 healthy controls), 48 subjects in testing stage (24 DLBCL patients and 24 healthy 152 

controls), 164 subjects in validation stage (99 DLBCL patients and 65 healthy controls) and 29 non-153 

DLBCL lymphoma cases that worked as concurrent controls between August 2016 and December 2017 154 
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at West China Hospital, Sichuan University. Baseline characteristics of DLBCL patients were presented 155 

in Supplemental Table 1. 156 

The median follow-up time of DLBCL case was 36 (ranged from 1 to 45) months. Overall 123 included 157 

DLBCL patients (10 DLBCL patients in screening stage were excluded to avoid repeated detection), 12 158 

DLBCL patients were lost to follow-up and another 2 who transferred to local hospital cannot be able to 159 

tell their disease states clearly. Finally, 111 DLBCL cases were included for OS analysis while 109 160 

DLBCL cases for PFS analysis. Further investigation suggested 36.0%(40/111) DLBCL patients dead 161 

during this study period (August 2016 to May 2020) and 62.5%(25/40) deaths occurred within 12 months 162 

of diagnosis. Meanwhile, 48.6%(53/109) DLBCL cases suffered from progression between August 2016 163 

to May 2020 and 71.7%(38/53) patients relapsed within one year.  164 

Exosome Characterization 165 

Nanoparticle tracking and electron microscopy showed that exosomes appeared as cup-shaped vesicles 166 

between 80 and 95nm in diameter, which is consistent with previous studies (7, 17). Immunoblot analysis 167 

detected exosomal marker proteins CD63, CD9, CD81, and HSP70 in the extract. For more details about 168 

the results of exosome characterization, please refer to Supplemental Figure 2B, 2C and 2D. 169 

Identification of Differently Expressed Circulating Exosomal miRNAs 170 

In the screening stage, exosomal RNAs from 10 DLBCL patients and 5 healthy controls were analyzed 171 

with microarrays. Among 3100 miRNAs detected by microarray, profiling data analysis predicted that 172 

157 were high expression and 175 were low expression in DLBCL group (Clustering analysis of 173 

microarrays is presented in Supplemental Figure 3). After result confirmation by RT-PCR to remove 174 

false positives, 20 top microRNAs exhibiting the largest changes (Table 1), together with other two 175 

miRNAs, miR-155-5p(18, 19) and miR-21-5p(18, 19), which were identified in tissue sample as 176 

diagnostic biomarkers for DLBCL by many previous studies, were subsequently analyzed in the testing 177 

stage. 178 

In the testing stage, we further quantified the expression of the above 22 miRNAs by qRT-PCR in 24 179 

DLBCL patients and 24 healthy controls. Analysis identified 8 individual miRNAs (miR-379-5p, miR-180 
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135a-3p, miR-4476, miR-483-3p, miR-451a, miR-551a, miR-135b-5p and miR-155-5p) that meet the 181 

predetermined criteria (Ct（miRNA）value ranging from 10 to 34 and 6 lower than the negative control), and 182 

therefore were included in the next analysis. The remaining 14 miRNAs were excluded because of their 183 

extremely low expression. 5 miRNAs, consisting of 3 high-expression miRNAs (miR-379-5p, miR-184 

135a-3p and miR-4476) and 2 low-expression miRNAs (miR-483-3p and miR-451a) among the above 185 

8 miRNAs differently expressed as defined by fold changes greater than 1.5 and a P value less than 0.05. 186 

Relative expression of the above 8 circulating exosomal miRNAs is presented in Supplemental Figure 187 

4A. 188 

In the validation stage, we tested the above 5 miRNAs in 99 DLBCL patients and 65 healthy controls. 189 

Compared with the controls group, miR-379-5p, miR-135a-3p, and miR-4476 in the DLBCL patients 190 

were upregulated, and miR-483-3p and miR-451a were down downregulated (see Supplemental Figure 191 

4B).  192 

Similarly, these 5 miRNAs were tested in lymphoma subtype controls. The result suggested miR-379-193 

5p, miR-135a-3p, miR-4476 and miR-451a were differently expressed(P<0.05) when compared to 194 

DLBCL patients, whereas only miR-451a was differently expressed when compared to healthy controls. 195 

(see Supplemental Figure 4C). 196 

Diagnostic Value of Circulating Exosomal miRNAs 197 

To determine the diagnostic performance characteristics of the 5 miRNAs in distinguishing DLBCL 198 

patients from healthy controls, we plotted ROC curves for each miRNA in the testing and validation 199 

stages, as well as for all miRNAs combined. The result suggested the combined panel of 5 miRNAs 200 

showed better performance in diagnosing DLBCL with an AUC of 0.863 (95% CI 0.811-0.915) than 201 

single miRNA (see Figure 1A, 1B, 1C and Table 2).  202 

We also plotted ROC curves for the four miRNAs with differential expression between DLBCL patients 203 

and lymphoma subtype controls, the AUC (95% CI) for miR-379-5p was 0.732 (0.615 to 0.849); for 204 

miR-135a-3p; 0.668 (95%CI 0.559 to 0.777); for miR-4476, 0.635 (0.518 to 0.753); and for miR-451a, 205 

0.671 (0.574 to 0.768). The AUC (95% CI) for the four combined miRNAs was 0.775 (95%CI, 0.692 to 206 

0.859) (see Supplemental Figure 5A)  207 
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We estimated the diagnostic value of miR-451a for distinguishing the lymphoma subtype controls from 208 

the healthy controls as well. Unexpectedly, the single miR-451a showed excellent performance, with an 209 

AUC of 0.765(95% CI 0.681-0.849) (see Supplemental Figure 5B).  210 

Association between the Exosomal miRNAs Abundance and Clinical Characteristics 211 

We next explored the expression of exosomal miRNAs in DLBCL patients grouped by clinical features. 212 

The results suggested that miR-451a was expressed in lower concentration in patients with late-stage 213 

(III-IV) DLBCL (see Supplemental Figure 6). 214 

Prognostic significance of Circulating Exosomal miRNAs in DLBCL 215 

Given that exosomal miR-451a were differentially expressed in different DLBCL groups, we 216 

hypothesized that these miRNAs, especially miR-451a, may predict the prognosis of the disease. The 217 

association between the miRNAs and patient outcomes were first tested with Log-rank tests to eliminate 218 

those that were not associated with PFS or OS. Multivariate Cox regression adjusting for IPI showed that 219 

only miR-451a independently predicted both PFS and OS in multivariate analyses (see Supplemental 220 

Table 2). 221 

The relationship between miR-451a on PFS and OS was determined by Kaplan-Meier curves with 222 

miRNA expression dichotomized at the median value. The result suggested that lower concentration 223 

miR-451a were associated with poor outcomes in patients newly diagnosed with DLBCL (see Figure 2).   224 

We further assessed the utility of circulating exosomal miR-451a as prognostic biomarkers for DLBCL. 225 

Overall, the signature of miR-451a plus IPI had a higher AUC than when the miRNA signature was 226 

excluded (see Figure 3). 227 

Discussion 228 

With the emerging concept of “liquid biopsy”, we finally have a non-invasive alternative to conventional 229 

tissue biopsy or radiologic tests for different pathologic conditions, including tumors. Among various 230 

biomolecules associated with tumors, the exosomal miRNAs are the most promising. Circulating 231 

exosomal miRNAs can be relatively easily isolated from peripheral blood and tested by qRT-PCR, 232 
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creating a useful tool for diagnosis and prognosis in cancer (10, 12, 20, 21). Indeed, miRNAs in 233 

circulating exosomes have been reported to be superior to exosomal glypican-1+ concentrations and to 234 

carbohydrate antigen 19-9 (the accepted diagnostic biomarker for pancreas cancer) when used to detect 235 

pancreatic ductal adenocarcinoma or to differentiate between ductal adenocarcinoma and chronic 236 

pancreatitis (20). Further, plasma vesicle miRNA concentrations can be used to monitor therapeutic 237 

response in Hodgkin lymphoma (12), whereas circulating exosomal let-7b and miR-18a have been 238 

associated with the prognosis in multiple myeloma (10).  239 

Compared with other noninvasive biomarkers, such as circulating miRNAs (14, 22), circulating tumor 240 

cells and cell-free DNA (23), exosomal miRNAs have protective lipid bilayer membrane and therefore 241 

more stable. In addition, these above biomarkers complicate making diagnoses and prognoses because 242 

they are passively released by apoptotic and necrotic cells (24). Exosomes, however, are intact vesicles 243 

that are actively secreted by living cells (11, 25), rendering a more reliable and accurate body status for 244 

predicting diagnosis or prognosis.  245 

To our knowledge, this is the first large study that proves the clinical significance of circulating exosomal 246 

miRNAs in newly diagnosed DLBCL cohort. In this study, we designed a rigorous three-stage study to 247 

determine the value of serum exosomal miRNAs in diagnosing patients with DLBCL. Five miRNAs 248 

(miR-135a-3p, miR-379-5p, miR-4476, miR-483-3p, and miR-451a) were identified through microarray 249 

analysis and qRT-PCR. The combined panel of all 5 miRNAs had an excellent ability in diagnosing 250 

DLBCL with a AUC of 0.863 (95%CI 0.811-0.915). However, the panel did not perform well in 251 

discriminating between patients with DLBCL from concurrent controls with lymphoma subtypes. We 252 

speculated that this poor ability was principally caused by the complex composition of the current 253 

controls, which consisted of patients with 3 different lymphoma subtypes.  254 

miR-451a, plus the established prognosis factors IPI, had an even greater AUC than when the miRNA 255 

signature was excluded for predicting PFS and OS. Although IPI has been established as prognostic 256 

markers for patients with DLBCL for many years and is easy to determine and is clinically useful (5), it 257 

may not be specific enough to predict the heterogeneous outcomes of patients with DLBCL because it 258 

mainly relies on clinical features and does not account biological heterogeneity. Therefore, it is still of 259 

great significances to explore noninvasive biomarkers that reflect the molecular aspects of DLBCL, and 260 
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our study indeed proved that circulating exosomal miRNAs could improve the prognostic stratification 261 

in patients with DLBCL. 262 

The 5 identified exosomal miRNAs have been reported in many types of tumors and may be related to 263 

tumor generation and development. Lower concentration of miR-451a was reported to be associated with 264 

poorer pathologic stage in patients with lung cancer and promoted cell survival by targeting c-MYC in 265 

patients with prostate cancer (26, 27). Our previous research also indicated miR-451a was a potential 266 

biomarker for therapy response monitoring of DLBCL patients and its expression level gradually 267 

increased in patients that achieve remission (28). This result was also validated by other researchers (29). 268 

Compared with the other 4 validated miRNAs included in our study, miR-451a was greatly enriched in 269 

the circulating exosome (see Supplemental Figure 7). This result is similar to that in other studies of cell 270 

lines (30), and a recent study has suggested that the interaction between RNA-binding ubiquitin E3 ligase 271 

(MEX3C) and adaptor-related protein complex 2(AP-2) may contribute to the enrichment phenomenon 272 

(31). miR-483-5p has been identified as an anti-tumor miRNA in breast cancer by targeting histone 273 

deacetylase 8 or Cyclin E1, which suggested the effects of miR-483-3p on cell growth and apoptosis (32, 274 

33).  275 

MiR-379-5p was reported to be down-regulated in many kinds cancer tissue. However, overexpression 276 

of miR-379-5p was found in DLBCL patients in our study. We assumed this was because miRNAs could 277 

be selectively secreted from their original cancer cells by exosomes. Previous study indicated that miR-278 

379-5p was down-regulated in gastric cancer tissue sample and functioned as a tumor suppressor in 279 

cancer development. Interestingly, researchers also found exosomal miR-379-5p was higher in 280 

circulating exosomal samples of gastric cancer patients with poor outcomes. Scholars further validated 281 

the up-regulated expression level of miR-379-5p in cell line model and speculated the translocation of 282 

miR-379-5p from cancer cells to circulation might contribute to the high-regulation of miR-379-5p in 283 

circulation exosomal samples (34). Similar conditions were also reported in lung cancer (35, 36). This 284 

suggested the profiling of miRNAs in circulating exosome may have a great difference with those in 285 

tissue or blood.  286 

Both of miR-135a-3p and miR-4476 were reported as upregulated miRNAs that promoted cell 287 

proliferation, migration and invasion in CNS tumors (37, 38). Further mechanistic analyses indicated the 288 

adenomatous polyposis coli(APC), a negative regulator of the Wnt/β-catenin signaling pathway, is a 289 
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direct target of miR-4476 and mediated the oncogenic effect of miR-4476 in glioma (38). This may 290 

explain the high concentrations of this two miRNAs in DLBCL cases. 291 

Another challenge in our study was how to choose appropriate reference for data normalization in qRT-292 

PCR. As far as we know, there is no consensus regarding reference genes for measuring serum miRNAs. 293 

Ce_miR-39_1 is a C. elegans miR-39 mimic that has been commonly used as a spike-in in blood (14, 294 

15). Therefore, we added an equal amount to the working solution for Ce_miR-39_1 (1.6X108 copies/µl) 295 

at the beginning of RNA extraction to normalize data and a high concordance across plates was observed. 296 

Conclusions 297 

In conclusion, we identified a panel of 5-miRNAs (miR-379-5p, miR-135a-3p, miR-4476, miR-483-3p 298 

and miR-451a) in the circulating exosome that can be used as noninvasive biomarkers for diagnosing 299 

DLBCL, and circulating exosomal miR-451a was with prognostic value in these patients. The 300 

combination of miR-451a with IPI could serve as a better indicator for prediction of PFS and OS. 301 
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Figure Legends 454 

Figure 1. The performance characteristics of circulating exosomal miRNAs in diagnosing 455 

DLBCL. Panels A, B, and C show the ROC curves of individual miRNAs and for the combined 456 
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miRNA panel in the testing, validation and combined phase. A) Results for 24 patients and 24 healthy 457 

controls in the testing stage of study. B) Results for 99 DLBCL patients and 65 healthy controls in the 458 

validation stage of study. C) Results for the miRNAs combined in the testing and validation stages 459 

from 123 DLBCL patients and 99 healthy controls. 460 

Figure 2. Survival analysis of different concentrations of circulating exosomal miR-451a in 461 

DLBCL patients. Kaplan-Meier survival curves of A) predicting progression-free survival(PFS) and 462 

B) overall survival(OS) in patients with DLBCL. miRNAs expression was dichotomized as high or low 463 

according to the median value. 464 

Figure 3. The prognostic performance characteristics of circulating exosomal miR-451a in 465 

DLBCL patients. The AUC of IPI, miR-451a, and the combined indicator miR-451a and IPI are 466 

expressed as blue, green and red curve. A is for progression free survival, and B is for overall survival. 467 

Cross-validation has been applied to this analysis to avoid overfitting.  468 

Supplemental Figure 1. The process of identifying miRNAs with diagnostic value in patients with 469 

diffuse large B-cell lymphoma. 332 miRNAs were detected to be differently expressed between 10 470 

DLBCL cases and 5 Heathy subjects by microarray and 5 miRNAs were identified to be with statistical 471 

significance with qRT-PCR test. 472 

Supplemental Figure 2. Isolation and validation of exosomes from serum of patients with diffuse 473 

large B-cell lymphoma. A) The process of exosome extraction. Exosomes isolated from 200 ml of 474 

serum were enough for transmission electron microscopy or Nanosight or western blot analysis, 475 

whereas 800 ml of serum was enough to identify exosomal miRNAs with qRT-PCR tests. B) 476 

Nanosight analysis determined that exosome sizes ranged from about 80 to 95 nm in diameter. C) 477 

Transmission electron microscopy showed that serum exosomes were characterized by cup-shaped 478 

nanovesicles with a diameter of about 90 nm. D) Western blot showed that the extractions were 479 

equipped with exosomal-specific marker proteins CD63, CD9, CD81, and HSP70. Samples 1, 2, 3 480 

were blood samples from three patients in the screening stage of analysis.  481 

Supplemental Figure 3. Clustering analysis of microarrays between patients with the disease 482 

(Group 2, red bar) and healthy controls (Group 1, blue bar). Colors on heatmap indicates relative 483 
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miRNA expression concentrations: red suggests upregulated expression and green suggests 484 

downregulated expression. 485 

Supplemental Figure 4. Expression concentrations of miRNAs in the circulating exosome. The Y-486 

axis represents the relative expression of miRNAs normalized to Ce_miR-39_1. Data are presented as 487 

means and standard error of mean(mean±SEM).  A) Relative expression of 8 miRNAs (miR-379-5p, 488 

miR-135a-3p, miR-4476, miR-483-3p, miR-451a, miR-551a, miR-135b-5p, and miR-155-5p) in the 489 

serum exosome of 24 DLBCL patients and 24 healthy controls in the testing stage of analysis.   B) 490 

Relative expression of 5 miRNAs (miR-135a-3p, miR-379-5p, miR-4476, miR-483-3p, and miR-451a) 491 

in the serum exosomes of 99 DLBCL patients and 65 healthy controls in the validation stage of 492 

analysis.  C) Relative expression of the 5 miRNAs in the serum exosomes in 123 DLBCL patients, 29 493 

controls with lymphoma subtypes(concurrent control), and 89 healthy controls when the results of the 494 

testing and validation stages were combined. 495 

Supplemental Figure 5. Performance of circulating exosomal miRNAs in diagnosis and 496 

differential diagnosis of lymphoma subtypes. A) The ability of miR-379-5p, miR-135a-3p, miR-497 

4476, miR-451a to discriminate DLBCL patients from controls with lymphoma subtypes. B) 498 

Performance of miR-451a in discriminating between healthy controls with lymphoma subtypes. 499 

Supplemental Figure 6. Association between the abundance of exosomal miRNAs and clinical 500 

characteristics. The Y-axis represents the relative expression of miRNAs normalized to Ce_miR-501 

39_1. Data are presented as means and standard error of mean(mean±SEM). The results show that only 502 

miR-451a concentrations were inversely correlated with disease stage. Patients with late-stage (III-IV) 503 

had relative lower expression level of miR-451a. 504 

Supplemental Figure 7. Comparisons of relative expression concentrations of 5 identified 505 

miRNAs. The Y-axis represents the relative expression of miRNAs normalized to Ce_miR-39_1. Data 506 

are presented as means and standard error of mean(mean±SEM). The results suggest miR-451a was 507 

highly enriched in circulating exosome when compared to the other 4 miRNAs. 508 

Table 509 
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Table 1. 20 miRNAs Exhibiting the Largest Changes in the Screening Stage  510 

Expression MiRNA Fold change False discovery rate 

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 

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 

 511 

Table 2. Performance Characteristics of microRNAs for Diagnosis in 133 Diffuse Large B-Cell 512 

Lymphoma Patients 513 

 microRNA, area under the ROC curve (95% CI) 

Stage miR-379-5p miR-135a-3p miR-4476 miR-483-3p miR-451a panel 

Testing 0.795 0.819 0.689 0.719 0.677 0.934 

 0.665~0.925 0.700~0.939 0.535~0.843 0.568~0.870 0.512~0.842 0.869~0.999 

Validation 0.756 0.731 0.644 0.714 0.638 0.878 

 0.681~0.832 0.648~0.813 0.558~0.730 0.633~0.795 0.549~0.727 0.821~0.934 

Combined 0.766 0.750  0.653 0.711 0.646 0.863 

  0.701~0.830 0.682~0.819 0.579~0.727 0.639~0.782 0.568~0.724 0.811~0.915 

 514 



Figures

Figure 1

The performance characteristics of circulating exosomal miRNAs in diagnosing DLBCL. Panels A, B, and
C show the ROC curves of individual miRNAs and for the combined 19 miRNA panel in the testing,
validation and combined phase. A) Results for 457 24 patients and 24 healthy controls in the testing
stage of study. B) Results for 99 DLBCL patients and 65 healthy controls in the validation stage of study.
C) Results for the miRNAs combined in the testing and validation stages from 123 DLBCL patients and
99 healthy controls.

Figure 2

Survival analysis of different concentrations of circulating exosomal miR-451a in DLBCL patients.
Kaplan-Meier survival curves of A) predicting progression-free survival(PFS) and B) overall survival(OS) in



patients with DLBCL. miRNAs expression was dichotomized as high or low according to the median
value.

Figure 3

The prognostic performance characteristics of circulating exosomal miR-451a in DLBCL patients. The
AUC of IPI, miR-451a, and the combined indicator miR-451a and IPI are expressed as blue, green and red
curve. A is for progression free survival, and B is for overall survival. Cross-validation has been applied to
this analysis to avoid over�tting.
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