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miR-4485-5p in large extracellular vesicles as a new potent 
biomarker for diagnosis of deep vein thrombosis
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 A B S T R A C T

  Deep vein thrombosis （DVT） is a pathological condition where blood clots form in the veins deeper than 
the fascia, sometimes leading to serious complications such as pulmonary embolism. DVT is a signifi-
cant complication of cancer; given the situation where the frequency of cancer is predicted to increase, 
early diagnosis and intervention of DVT are crucial. Current diagnostic methods, such as blood D-di-
mer test and ultrasonography of the lower limbs, have limitations in terms of specificity and sensitivity. 
  In this study, we focused on large extracellular vesicles （LEVs） in the plasma of DVT patients and in-
vestigated whether microRNAs （miRNAs） enriched in these LEVs could serve as new biomarkers. 
While the total number of LEVs in patients with DVT was comparable to the control group, there was 
an increase in platelet-derived LEVs. Specifically, 13 miRNAs were decreased while 4 miRNAs were in-
creased in LEVs in DVT patients （DVT LEVs）, among which miR-4485-5p showed a significant 10.9-
fold increase, demonstrating a good diagnostic performance for DVT with an area under the curve of 0.81. 
  Overexpression of miR-4485-5p in human umbilical vein endothelial cells （HUVEC） led to the suppression of 
tissue plasminogen activator, a predicted target of miR-4485p and a key component of the fibrinolytic system. 
Additionally, co-culture of HUVEC with DVT LEVs resulted in increased intracellular miR-4485-5p. These find-
ings suggest that miR-4485-5p in platelet-derived LEVs could serve as a valuable biomarker for DVT and may 
contribute to thrombus formation by suppressing the fibrinolytic system. 
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I. Introduction.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Deep vein thrombosis （DVT） is a condition character-
ized by the formation of thrombosis in the deep veins 
of the lower limbs and pelvis 1）. The development of a 
thrombus in more central veins, such as the vena cava, 
can lead to a life-threatening condition known as pulmo-

nary thromboembolism （PE）. DVT and PE are collec-
tively referred to as venous thromboembolism （VTE） 1）. 

Virchow’s triad, comprising venous stasis, endothelial 
injury, and hypercoagulability, is a well-established risk 
factor for VTE 2）. Cancer patients, in particular, are at an 
increased risk of developing DVT due to the elevated 
blood coagulopathy, a phenomenon known as cancer-as-
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sociated thrombosis 3）, 4）. Indeed, an analysis of patients 
with acute VTE has revealed that active cancer or a 
history of cancer is a predominant risk factor, accounting 
for 31% of all cases 5）. Furthermore, cancer patients with 
metastases face a significantly higher risk of VTE, up to 
19.8 times higher than those without metastases, due 
to increased hypercoagulability of the blood 6）, 7）. As the 
global population continues to age, the prevalence of can-
cer is predicted to rise, leading to an anticipated increase 
in the number of patients experiencing VTE in the near 
future 1）, 8）.
  DVT is typically diagnosed through venous ultrasonog-
raphy of the lower limbs, following the exclusion of obvi-
ously negative cases using a blood D-dimer test 9）. While 
the blood D-dimer test exhibits high sensitivity for DVT 
diagnosis, its specificity is relatively low 9）. One possible 
contributing factor to this limitation is the age-related 
increase in blood D-dimer levels, with extremely low 
specificity observed in patients aged 70 and 80 years or 
older at 22% and 9%, respectively 10）. Additionally, re-
duced specificity is noted in cancer cases, where 46% of 
patients with abdominal malignancies but without DVT 
display values exceeding the conventional cutoff of 0.5 
ng/mL 11）. In addition, the blood D-dimer test is not ideal 
for screening purposes for DVT diagnosis, as it can be 
elevated in conditions such as inflammation, infection, 
trauma, and surgery 9）. Although venous ultrasonography 
demonstrates high diagnostic performance, challenges 
include unstable delineation of deep veins and reliance on 
operator expertise and equipment performance for accu-
rate diagnosis 9）. Therefore, the identification of a novel 
biomarker for DVT diagnosis, characterized by significant 
specificity and consistent diagnostic accuracy, is of para-
mount importance.
  To enhance the diagnostic accuracy of DVT, the study 
focused on large extracellular vesicles （LEVs） released 
from vascular endothelium, monocytes, and activated 
platelets 12）, 13）. Elevated levels of LEVs are observed in 
patients with DVT, cancer, and inflammation 14）-18）. The 
increase in LEV levels is presumed to contribute to blood 
coagulation by exposing tissue factor （TF） on their sur-
face 19）. However, the diagnostic accuracy of DVT based 
on TF concentration and activity on the LEV surface var-
ies across studies 20）, suggesting that measuring TF alone 
is insufficient for improving diagnostic accuracy.
  LEVs also serve as carriers of microRNAs （miRNAs） in-
volved in gene expression suppression 21）. Moreover, ex-
tracellular vesicles from tumor cells and damaged organs 
exhibit a unique miRNA profile distinct from that in nor-
mal tissues 21）, 22）. This phenomenon has been observed 

in various malignancies and diseases, such as prostate 
cancer, lung cancer, Alzheimer’s disease, and myocardi-
al infarction 21）-23）. Consequently, miRNAs in LEVs hold 
promise as novel clinical biomarkers 21）-23）. miRNAs may 
migrate to other cells, modify gene expression, and regu-
late the pathogenesis of diverse diseases 23）. While some 
miRNAs have shown utility in the diagnosis of DVT, the 
mechanisms related to pathogenesis and their association 
with LEVs have not been thoroughly investigated 24）. In 
line with these observations, the study hypothesized that 
identifying clinically useful miRNAs in LEVs and eluci-
dating their involvement in DVT pathogenesis could lead 
to the establishment of new biomarkers.
  In this study, we analyzed the number of LEVs collect-
ed from DVT patients （referred to as DVT LEVs） and 
characterized the associated miRNAs. LEVs derived 
from platelets were found to be significantly increased 
in the DVT group. A comprehensive analysis of miRNAs 
extracted from DVT LEVs revealed changes in 17 miR-
NAs, among which miR-4485-5p showed a significant 
increase and demonstrated good diagnostic performance 
in the receiver operating characteristic （ROC） analysis. 
Functional analysis indicated that overexpression of miR-
4485-5p suppressed tissue plasminogen activator （tPA）, 
which is a candidate target of the miRNA, in human um-
bilical vein endothelial cells （HUVEC）. Lastly, co-culture 
of HUVEC with LEVs recovered from clinical specimens 
significantly increased intracellular miR-4485-5p.

II. Materials and methods.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2.1 Sample Collection
  Plasma specimens were collected from 28 DVT patients 
（10 males and 18 females） （Table 1, 2）. The diagnosis 
of DVT was conducted by well-trained cardiologists ac-
cording to its diagnostic criteria and confirmed through 
enhanced computed tomography or lower extremity ul-
trasound sonography 25）. Only new-onset DVT cases were 
included; cases with initiated treatment or recurrent 
DVT were excluded from the study. miRNAs were ex-
tracted from plasma of 24 out of 28 cases, excluding two 
instances with severe hemolysis occurred during plasma 
separation and two cases where the volume of specimens 
for nucleic acid extraction was insufficient. As a con-
trol group, the same analysis was performed on 14 age-
matched healthy volunteers （4 males and 10 females）.
2.2 Isolation of plasma LEVs and miRNA extraction
  Seven mL of peripheral blood was collected in blood col-
lection tubes supplemented with EDTA-Na （Venoject II; 
Terumo, Tokyo, Japan） and centrifuged for 10 minutes at 
1,900g. The collected plasma was stored at − 80℃ until 
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RNA extraction. Since this study focused on LEVs with 
a diameter less than 1,000 nm, previously referred to as 
‘microvesicles’ or ‘microparticles’ 26）, 1,000 µL of plas-
ma was filtered through a membrane filter with a pore 
size of 1,000 nm （Membrane Solutions, Texas, USA） and 
centrifuged for 20 minutes at 17,000g 26）. Total RNA was 
extracted from the LEV pellets using the miRNeasy Plas-
ma/Serum Kit （Qiagen, Hilden, Germany） following the 
manufacturer’s protocol. As a spike-in control for quanti-
tative analysis, 1 fmol of cel-miR-39, a C. elegans-derived 
miRNA, was added. The extracted total RNA was stored 
at − 80℃ until further usage.
2.3 Flow cytometry （FCM） analysis
  LEVs in the plasma samples （n=5 for the DVT group 
and n=6 for the control group） were counted by FCM. 
Isolated LEVs were washed three times with calcium- 
and magnesium-free Dulbecco’s phosphate-buffered sa-
line （Nacalai Tesque, Kyoto, Japan）. LEVs hold identical 
surface markers to the original cell because the outer 
layer consists of the cell membrane 26）. We stained plate-
let-derived LEVs with CD31-APC-Cy5 （Biolegend, San 
Diego, USA） and CD61-FITC （Biolegend） antibodies for 
identification. Control beads （Spherotech, Lake Forest, 
USA） were added for size control. Stained LEVs were 
measured by FACS Verse （BD Biosciences, New Jersey, 
USA）. Particles smaller than the size control beads with 
a diameter of 1,000 nm were counted as LEVs.
2.4 Microarray analysis
  A 3D-gene miRNA Oligo Chip （Toray, Tokyo, Japan） 
was employed to generate a comprehensive miRNA 
profile in DVT LEVs. The signal intensities obtained for 
each well were corrected using the 75th percentile signal 
intensities, which were further normalized by conversion 
to log2 values. A heat map and a volcano plot were gen-
erated with a cut-off of at least a 2-fold change in miRNA 
expression and a p-value of less than 0.05 by Welch’s 
t-test. R （4.2.0） and gplots package （3.1.3） were utilized 
to generate the heat map and volcano plot 27）.
2.5 �Real-time quantitative PCR （RT-qPCR） analysis 

of miRNAs
  Candidate miRNAs for DVT biomarkers were analyzed 
by RT-qPCR. Equal amounts of total RNA were reverse 
transcribed using the TaqMan microRNA Reverse Tran-
scription kit （Thermo Fisher Scientific, Massachusetts, 
USA）. Synthesized complementary DNA （cDNA） was 
then amplified on a DICE TP800BE thermal cycler 
（Takara, Shiga, Japan） using the Luna Universal Probe 
qPCR Master Mix （New England Biolabs, Massachu-
setts, USA） and TaqMan MicroRNA Assay （Thermo 
Fisher Scientific）. The PCR reaction conditions were 

set as follows: enzyme activation at 95℃ for 10 minutes, 
followed by 40 cycles of 95℃ for 15 seconds and 60℃ for 
1 minute. During RNA extraction, 1 fmol of cel-miR-39 
was spiked in and used as an exogenous control. The 
expression levels were calculated from the obtained am-
plification curves using the comparative threshold cycle 
（Ct） method, and the values were presented relative to 
the average of the control group.
2.6 Cell culture
  HUVEC, an endothelial cell-derived cell line, was ob-
tained from the JCRB Cell Bank （Osaka, Japan） and cul-
tured in DMEM/HAM’s F12K medium （FUJIFILM Wako 
Pure Chemical, Osaka, Japan） supplemented with 10% 
fetal bovine serum, 50 µg/mL endothelial cell growth 
supplement （FUJIFILM Wako Pure Chemical）, and 100 
µg /mL heparin （FUJIFILM Wako Pure Chemical） at 
37℃ with 5% CO2.
2.7 �Transfection of miRNA mimic and inhibitor into 

HUVEC
  HUVEC was transfected with mirVana miR-4485-5p in-
hibitor and mimic （each from Thermo Fisher Scientific） 
using Lipofectamine RNAiMAX （Thermo Fisher Scien-
tific）. The concentrations of the inhibitor and mimic were 
set at 10, 30, and 50 nM per well. Cells were collected 24 
hours after transfection, and protein and RNA were ex-
tracted from the cells.
2.8 �RT-qPCR analysis of candidate miRNA target 

genes
  mRNA expression in HUVEC was measured by RT-qP-
CR. An equal amount of RNA was first reverse tran-
scribed with the PrimeScript RT-PCR kit （Takara）. The 
cDNA was amplified using TB Green Premix Ex Taq （Ta-
kara） under the following conditions: enzyme activation: 
95℃, 30 sec; PCR reaction: 40 cycles of 95℃ for 5 sec, 
and 60℃ for 30 sec. The expression of PLAT （encoding 
tPA） was measured using the following primers: forward 
primer: CATATTTCGTGTGCCAGTGC and reverse 
primer: GACCCATTCCCAAAGTAGCA. IPO8 was used 
as an internal control with the following primers: forward 
primer: GGCATACAGTTTAACCTGCCAC and reverse 
primer: CAGGAGAGGCATCATGTCTGTAA 28）. The ex-
pression levels were calculated from the obtained ampli-
fication curves using the Ct method, and the values were 
presented relative to the mean of the control group.
2.9 Immunoblotting
  HUVEC was harvested, and radio-immunoprecipitation 
assay （RIPA） buffer was added to the cells, followed by 
sonication to lyse the cells. The lysed sample was mixed 
with an equal volume of sample buffer （FUJIFILM Wako 
Pure Chemical）. The mixture was separated on a 10% 
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SDS-PAGE gel and transferred to a polyvinylidene difluo-
ride membrane. The transferred membrane was blocked 
with Blocking One （Nacalai Tesque） and incubated with 
an anti-tPA antibody （ab227069, Abcam, Cambridge, UK） 
or anti-GAPDH antibody （2118, Cell Signaling, Danvers, 
USA） overnight at 4℃. After incubation, the membrane 
was washed three times with phosphate-buffered saline 
（PBS） with 0.1% Tween 20. Subsequently, the mem-
brane was incubated for 2 hours at room temperature 
with horse radish peroxidase （HRP）-labeled anti-rabbit 
antibody （1:1,000） （7074, Cell Signaling）. Signals were 
visualized with Western blot hyper HRP substrate （Taka-
ra） and analyzed by LAS-2000 （GE Healthcare, Fairfield, 
USA）.
2.10 �Co-culture of HUVEC with LEVs isolated from 

plasma
  HUVEC （3.0 × 104） was adhered to 24-well plates （Corn-
ing, New York, USA） and cultured for 24 hours. One hun-
dred thousand FCM-counted LEVs from DVT and control 
samples were dissolved in 200 µL Opti-MEM （Thermo 
Fisher Scientific） and added to the culture medium. After 
24 hours, the LEVs in the culture medium were removed. 
HUVEC was collected after washing with PBS and lysed 
for RNA extraction. 
2.11 Statistical analysis
  Welch’s t-test was employed to compare the two 
groups 29）, 30）. A p-value less than 0.05 was considered 
significant. The diagnostic performance of miR-4485-5p 
was determined by the area under the curve （AUC） cal-
culated by ROC analysis. Optimal sensitivity and specific-
ity were determined by the Youden index. R （4.2.0） and 
pROC package （1.18.0） were used for the analysis 31）.
2.12 Ethical Consideration
  This study was conducted following approval from the 
ethics committees of Kumamoto University （Approval 
No. 2016） and Kyushu University （Approval No. 2020-
250）. Samples were exclusively collected from indi-
viduals who provided written informed consent, and all 
procedures adhered to the principles of the Declaration of 
Helsinki. Samples were obtained from adult participants 
between August 13, 2020, and February 31, 2022.

III. Results.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.1 �Characteristics of DVT patients included in the 
study

  Table 1 and 2 present the characteristics of the DVT 
and control groups. The mean age of the DVT patients 
was 69.1 years （range: 39-86 years）. Coagulation and 
hematological tests revealed significantly higher blood 
D-dimer levels in the DVT group （p < 0.001） （Table 1）, 

whereas the red blood cell count （p = 0.005）, hemoglo-
bin （p < 0.001）, and hematocrit （p < 0.001） were sig-
nificantly lower in the DVT group.
  Among the 28 DVT patients, cancer （n=20, 71.4%） 
was the most common primary disease in the cohort; two 
patients （7.1%） had collagen disease, and one patient 
（3.6%） had varicose veins （Table 2）. Collectively, the 
cases in this study included typical patients with under-
lying conditions associated with a high risk of developing 
DVT, thus the selection of subjects was considered ap-
propriate.
3.2 Increased platelet-derived LEVs in DVT patients
  The number of plasma LEVs was counted by FCM （n=5 
in the DVT group, n=6 in the control group）. The total 
number of LEVs per mL was comparable between the 
DVT and control groups （Figure 1a）. Previous studies 
have shown that LEVs formed by the platelet （referred 
to as platelet-derived LEVs） are increased in DVT 32）-34）. 
Indeed, when we labeled platelet-derived LEVs with 
their respective surface markers, CD31 and CD61, they 
were significantly increased in the DVT cases （Figure 
1b, 1c）. This result suggests that the increase in LEVs 
in DVT was primarily due to release from platelets, 
although the specificity of CD31 for the marker of plate-
let-derived LEVs needs further study 34）. While, the abso-
lute number of LEVs did not increase, and the degree of 
increase in CD31- and CD61-positive LEVs was almost 
equal. This indicates that the increase in LEVs in DVT is 
more likely to be derived from platelets.
3.3 �Increased miR-4485-5p in LEV fraction as a di-

agnostic marker for DVT
  Given the increased platelet-derived LEVs in DVT cas-
es, we hypothesized that their miRNA expression levels 
might be altered. We conducted a comprehensive analysis 
of miRNA profiles within LEVs obtained from the plasma 
of both DVT and control subjects. 
  Firstly, we performed microarray analysis on samples 
from five age- and sex-matched subjects each from the 
DVT and control groups after extracting miRNAs within 
LEVs. Four out of five DVT patients in this subset also 
had concomitant cancer. The generated heat map shows 
clustering based on signal intensity （Figure 2a）, and the 
volcano plot illustrated significant alterations in 4 miR-
NAs with an increase and 13 miRNAs with a decrease in 
the DVT group （Figure 2b）. These miRNAs that were 
significantly altered by microarray analysis are shown 
in Table 3. Given the specific increase of CD31- and 
CD61-positive LEVs （Figure 1b, 1c）, the changes in 
miRNA level were suggested to be influenced by an in-
crease in platelet-derived LEVs.
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Table 1 

DVT Control p value

n 28 14

Sex, male: n （%） 8 （28.6） 4 （28.6）

Age （years） 69.1 ± 2.2 67.8 ± 2.9 0.71

WBC （× 103/µL） 6.8 ± 0.5 5.7 ± 0.3 0.08

RBC （× 106/µL） 3.7 ± 0.2 4.3 ± 0.1 <0.01

Hgb （g/dL） 11.1 ± 0.4 13.7 ± 0.3 <0.001

Hct （%） 33.8 ± 1.3 40.4 ± 0.9 <0.001

MCV （fL） 93.3 ± 1.6 95.4 ± 2.1 0.41

MCH （pg） 30.8 ± 0.7 32.5 ± 1.2 0.26

MCHC （g/dL） 32.9 ± 0.3 33.9 ± 0.4 0.11

PLT （× 103/µL） 232.0 ± 22.6 211.7 ± 2.9 0.85

PT （sec） 12.4 ± 0.2 11.9 ± 0.2 0.11

APTT （sec） 31.9 ± 3.2 30.2 ± 1.0 0.74

D-dimer （µg/mL） 9.6 ± 1.5 0.7 ± 0.1 <0.001

All values are expressed as means ± SEMs.

Table 2 

Comorbidities n （%）

Cancer 20 （71.4）

Head and neck 6 （21.4）

Uterine 5 （17.8）

Hematological 2 （7.1）

Esophageal 2 （7.1）

Ovarian 2 （7.1）

Pancreatic 1 （3.6）

Breast 1 （3.6）

Bladder 1 （3.6）

Collagen disease 2 （7.1）

Varicose vein 1 （3.6）

Fixation 1 （3.6）

Not applicable 4 （14.3）

Table 3 

Up-regulated miRNA Down-regulated miRNA

miRNA ID Log2（Fold change） p value miRNA ID Log2（Fold change） p value

miR-4485-5p 4.3 <0.01 miR-451a -4.3 <0.01

miR-1973 4.8 <0.05 miR-92b-3p -3.2 <0.05

miR-12136 2.8 <0.05 miR-122-3p -3.1 <0.05

miR-361-3p 1.7 <0.05 miR-1343-3p -2.7 <0.05

miR-4317 -2.6 <0.05

miR-12115 -2.6 <0.05

miR-100-5p -2.5 <0.05

miR-128-1-5p -2.5 <0.05

miR-99a-5p -2.3 <0.05

miR-6887-5p -2.1 <0.05

miR-8052 -2.1 <0.05

miR-6880-5p -1.9 <0.05

miR-23a-3p -1.3 <0.05
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  We next quantified miR-4485-5p, the miRNA with the 
most significant increase in the microarray. Nineteen 
DVT and fourteen control samples, different from those 
used for microarray analysis, were employed. As expect-
ed, the expression level of miR-4485-5p was significantly 
elevated in the DVT group （10.9-fold higher than in the 
control group, p =0.008） （Figure 2c）. Thus, it was 
confirmed that miR-4485-5p was markedly elevated by 
increased platelet-derived LEVs in DVT patients.
  Finally, the diagnostic efficacy of increased miR-4485-5p 
within LEVs for DVT was evaluated using ROC analysis. 
The AUC of miR-4485-5p in LEVs was 0.81 （95% con-

fidence interval 0.65-0.97）, with a diagnostic sensitivity 
of 0.74 and specificity of 0.94 when the optimal cut-off 
value was set at 1.825, as determined by the Youden in-
dex （Figure 2d）. Collectively, increased miR-4485-5p in 
LEVs was deemed a valuable marker for DVT diagnosis.
3.4 �Reduced tPA expression by miR-4485-5p in HU-

VEC
  We then explored the impact of miR-4485-5p on target 
cells, specifically investigating its effects on candidate 
target genes. Using miRwalk 35）, a target mining tool, we 
identified 36,713 genes as potential targets; we selected 
genes highly expressed in venous tissue and involved 

a) b)

c)

Figure 1   Increased platelet-derived LEVs in plasma of DVT patients
（a） Number of total LEVs. （b and c） CD31- and CD61-positive LEVs in plasma analyzed by FCM. Each value in the 
graph shows the number of LEVs per mL. （n = 6 for control group and n=5 for DVT group） （* p < 0.05）. 
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in the complement and coagulation cascade （KEGG 
pathway: hsa04610） as promising candidates 36）. Among 
these, PLAT, a gene encoding tPA, emerged as a func-
tional target with sequences complementary to miR-
4485-5p in both the 3’UTR and coding region （Figure 
3a）.
  Subsequently, we investigated the expression of PLAT 
in HUVEC when miR-4485-5p expression was modulated 
using the miR-4485-5p mimic and inhibitor. Introduction 
of the miRNA mimic led to a 38.0-fold increase in miR-

4485-5p expression in HUVEC, resulting in a 0.68-fold 
decrease in PLAT expression compared to the control 

（p =0.02） （Figure 3b, 3d）. Conversely, the miRNA in-
hibitor decreased miR-4485-5p expression in HUVEC by 
0.35-fold and increased PLAT expression by 1.46-fold （p 
=0.03） （Figure 3c, 3e）. Additionally, tPA expression, 
assessed by Western blotting, was significantly reduced 
by 0.29-fold in HUVEC transfected with the miR-4485-5p 
mimic （p =0.014） （Figure 3f）, although no significant 
change in tPA protein was observed in HUVEC treated 

b)

c) d)

a)

Figure 2   Increased miR-4485-5p LEVs from DVT patients
（a） Heat map of differentially expressed miRNAs in DVT versus control LEVs. Expression levels are shown as color, 
where red represents high expression level and green represents low in each sample. （b） Volcano plot of microarray anal-
ysis. Red lines indicate cut-offs of 1 on the X-axis （fold change > 2.0） and 1.3 on the Y-axis （ p < 0.05）. （c） RT-qPCR 
analysis of miR-4485-5p in LEVs （control n=14, DVT n=19）. As a control, 1 fmol of cel-miR-39 was used. The top and 
bottom edges of the box indicate the first and third quartiles, respectively. The upper and lower whiskers indicate the 
maximum and minimum values, excluding outliers. （d） Receiver operating characteristic （ROC） analysis of miR-4485-5p 
for DVT. Sp: specificity, Se: sensitivity （* p < 0.05）.
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InhibitorControl Mimic

b) c)

e)d)

f)

Figure 3   Suppression of tPA by miR-4485-5p in HUVEC.
（a） Binding sites of miR-4485-5p with PLAT, as predicted by miRwalk. （b） miR-4485-5p expression in HUVEC with each 
concentration of miR-4485-5p mimic （n=3） and （c） inhibitor （n=3）. （d） PLAT expression in HUVEC exposed with 
30nM miR-4485-5p mimic （n=6） and （e） inhibitor （n=10）. （f） Western blot analysis of tPA protein treated with miR-
4485-5p mimic and inhibitor （n=3）. tPA protein in HUVEC treated with miR-4485-5p mimic and inhibitor are corrected 
for GAPDH to compare with control （* p < 0.05, ** p < 0.01, *** p < 0.001）.
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with the miR-4485-5p inhibitor （p =0.24）. Previous 
studies showed that over 90% of the tPA protein pro-
duced by HUVECs is secreted extracellularly, with only 
a minor fraction remaining intracellular 37）, 38）. Therefore, 
it is possible that miRNA inhibitor did not contribute to 
the increase in tPA protein in HUVEC when measured 
by Western blot analysis. Overall, these findings suggest 
that an increase in miR-4485-5p exerts an inhibitory ef-
fect on tPA expression in vascular endothelial cells.
3.5 �Increased miR-4485-5p in HUVEC exposed to 

LEVs from DVT patients
  Finally, we investigated the impact of DVT LEVs on 
intracellular miR-4485-5p levels in HUVEC. LEVs from 
three DVT and control samples, with similar particle size 
distributions as determined by FCM, were selected for 
the experiment. Two of the three DVT samples were as-
sociated with cancer, while the remaining one was linked 
to collagen disease. We confirmed that miR-4485-5p 
levels in LEVs from all three DVT cases were more than 
2-fold higher than the mean level in the control group 
（Figure 2c）.
  Comparing HUVEC co-cultured with LEVs from DVT 
patients or non-DVT donors to those cultured without 
LEVs, both groups exhibited a significant increase in in-
tracellular miR-4485-5p levels （by 1.16-fold or 1.23-fold, 
respectively）, but there was no significant difference 
between the DVT and non-DVT groups （p =0.29） （Fig-
ure 4a）. These findings suggest that LEVs can elevate 
miR-4485-5p levels in target cells. Furthermore, the 
PLAT expression in HUVECs co-cultured with non-DVT 
LEVs compared to HUVECs cultured without LEVs 
was 1.51 and 0.97 in those co-cultured with DVT LEVs. 
The results indicated that DVT LEVs reduced the PLAT 
expression in HUVECs compared to non-DVT LEVs. 
However, the difference was not statistically significant （p 
= 0.099） （Figure 4b）. The lack of distinction between 
the DVT and control groups in this experiment may be 
attributed to the use of unsorted LEVs instead of purified 
platelet-derived LEVs due to technical constraints. West-
ern blot analysis of tPA protein could not be performed 
due to the insufficient recovery of protein extract re-
quired for the assay.

IV. Discussion.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  In this study, the analysis of miRNAs in DVT LEVs 
aimed to elucidate their significance in the pathogenesis 
and potential as biomarkers. Among the 17 significantly 
altered miRNAs in DVT LEVs, miR-4485-5p exhibited 
notable diagnostic performance for DVT. This miRNA 
was found to suppress tPA in HUVEC, suggesting its in-

volvement in thrombus formation through the inhibition 
of the fibrinolytic system.
  Notably, the increase in miR-4485-5p levels is suggested 
to link to impaired mitochondrial function, as evidenced 
by reduced ATP production and increased reactive oxygen 
species （ROS） in cells 39）-43）. Despite the precise mecha-
nisms connecting increased miR-4485-5p to mitochondrial 
dysfunction remain unknown, the study showing that vas-
cular tissue in mice with mitochondrial dysfunction exhib-
ited increased levels of both ASncmtRNA-2, a precursor 
antisense non-coding mitochondrial RNA of miR-4485-
5p 40）-43）, and miR-4485-5p imply a connection between 
these and mitochondria regulation 40）, 42）. In addition, 
previous study suggests a potential connection between 
mitochondrial dysfunction and increased LEVs; Burger 
et al. reported that cells with reduced mitochondrial func-
tion produced more LEVs, and conversely, an increase in 

Figure 4   Increase of miR-4485-5p induced by LEVs.
（a） Expression level of miR-4485-5p and （b） PLAT in 
HUVEC with 100,000 control and DVT LEVs after 24 
hours, as analyzed by RT-qPCR （n = 3） （* p < 0.05, ** 
p < 0.01）. 

a)

b)
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LEVs significantly reduced mitochondrial function in the 
cells 44）. Overall, this study, in conjunction with existing 
literature, proposes a potential disease mechanism （Fig-
ure 5）: primary diseases lead to mitochondrial dysfunc-
tion in platelets and endothelial cells, resulting in elevat-
ed levels of miR-4485-5p within intracellular 13）, 45）-48）. This 
accompanies with the release of a substantial number of 
LEVs containing this miRNA into the bloodstream. The 
presence of miR-4485-5p contributes to the inhibition of 
tPA, a key component of the fibrinolytic system, in endo-
thelial cells, thus creating a hypercoagulable environment 
conducive to the formation of DVT. 
  The study suggests that miR-4485-5p in LEVs could 
serve as a promising biomarker for DVT. Compared to 
traditional tests like the blood D-dimer test, miR-4485-
5p in LEVs exhibited better specificity 9）. Furthermore, it 
provides a more stable measurement than ultrasonogra-
phy of the lower limbs, which can vary in diagnostic per-
formance based on the examiner and equipment 9）. The 
potential utility of measuring miR-4485-5p is seen in its 
ability to overcome the limitations of existing tests and 
improve the diagnosis of DVT. 
  Our study acknowledges several limitations. The small 
number of cases analyzed calls for further studies with 
a larger number of DVT cases. The prevalence of both 
cancer and DVT in most patients makes it challenging to 
determine the individual contributions of each disease to 

the results. The study also points out the need for further 
research to specify the origin of the identified miRNAs 
within LEVs and to elucidate detailed underlying mech-
anisms. In particular, since CD31 is highly expressed in 
both vascular endothelium and platelets, it is necessary 
to determine whether the LEVs are of vascular endothe-
lial or platelet origin 34）. Currently, there is no consensus 
on which cell type predominantly contributes to the high 
CD31 expression on LEVs. Furthermore, it is important 
to determine whether miR-4485-5p-rich LEVs are de-
rived from vascular endothelium or platelets.
  In conclusion, the study highlights the clinical signifi-
cance of DVT diagnosis, especially considering that 10% 
of unidentified VTEs （uVTE） are diagnosed as cancer 
within a year 49）. A substantial portion （more than 60%） 
of cancers of unknown primary origin is diagnosed short-
ly after the identification of uVTE 49）. This suggests that 
latent DVT might be an early indicator of cancer. Rec-
ognizing the importance of early DVT diagnosis from a 
cancer perspective, the study emphasizes the need to 
establish biomarkers that can enhance the diagnostic per-
formance of DVT. miR-4485-5p in LEVs is proposed as a 
potential biomarker that could fulfill this role.
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