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[Overview] 

A joint research team analyzed exosomes and nucleic acids in blood by using a liquid 

biopsy method typically used for diagnosing cancer, and identified new prognostic 

factors concerning COVID-19. The team consisted of: Takahiro Ochiya, a professor of 

the Institute of Medical Science of Tokyo Medical University; Yu Fujita, an instructor for 

the exosome drug development study course at Jikei University School of Medicine; 

Kazuyoshi Kuwano, a professor for the internal medicine course and of the Department 

of Respiratory Medicine of Jikei University School of Medicine; Tokio Hoshina, an 

instructor of the Infectious Disease Department of Jikei University School of Medicine; 

Juntaro Matsuzaki, a researcher of University of California, San Francisco (and a visiting 

researcher of the Institute of Medical Science, Tokyo Medical University); and 

International Space Medical Co., Ltd. (president: Mitsuru Miyato). The identified 

exosomes and blood nucleic acids are expected to not only play a role as prognostic 

biomarkers, but also to help researchers develop new treatment methods and uncover 

conditions of the disease with the application of said biomarkers. 
 

[Background of the Research] 

A liquid biopsy is considered to be of benefit in the super-early diagnosis of cancer with 

minimum invasive surgery, and in the selection of anticancer agents. It is carried out by 

analyzing deoxyribonucleic acids (DNAs), ribonucleic acids (RNAs), and exosomes that 

circulate in the blood. In cancer patients and other patients who have contracted 

infectious diseases, these pieces of information found in blood have been reported to 

differ from healthy persons at an early stage of a disease. We thought that analyzing the 

differences in exosomes and nucleic acids in blood could be of benefit for prognoses 

regarding COVID-19. It is known that nucleic acids in blood in general are partially 

contained within exosomes, which are stable capsules that cells secrete. Exosomes are 

vesicles surrounded by approx. 100-nm lipid bilayers that many types of cells secrete, 

and are known to play important roles in cell-to-cell communication. Cells infected with 

bacteria and viruses, in particular, affect neighboring cells through exosomes. It has 

been reported in many cases, for example, that such cells contribute to the spread of 

viruses by enclosing the viruses in exosomes and exerting them out.
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They can be a serious factor for the worsening of symptoms, while on the other hand 

they may reflect a normal reaction in which the body can beat a virus. In other words, 

analyzing the exosomes and nucleic acids of patients infected with COVID-19 can help 

quickly identify the response of the human body involved in the worsening of the disease. 

The purpose of this research was to identify new prognostic factors regarding COVID-19 

with the use of liquid biopsies by analyzing the blood of patients infected with COVID-19 

when they were hospitalized. 
 

[Results and Insights Obtained from This Research] 

The research team focused on 42 patients who were tested positive for COVID-19 

through PCR testing and hospitalized in the Jikei University Hospital between March and 

May 2020. We excluded nine patients from the research who were in serious conditions 

based on the WHO severity scale, and focused on 31 patients who had mild symptoms 

at the time of their admission. We then took serums from 10 healthy persons as control 

samples (at Omiya City Clinic; Director: Ryo Nakagawa), and analyzed 41 samples in 

total. Of the 31 COVID-19 patients, nine patients saw their symptoms worsen and 

required respirator treatment in intensive care, and the remaining 22 were discharged 

with mild symptoms. Using blood samples of the 31 COVID-19 patients, (22 with mild 

symptoms and nine whose symptoms had worsened) and serums from the 10 healthy 

persons, we specifically focused on blood RNAs and exosome proteins, and conducted 

a comprehensive analysis by using next-generation sequencers *1) and mass 

spectrometry (LC-MS) *2), respectively. On the basis of the results of these analyses, 

we identified three different groups of early prognostic biomarkers for COVID-19 patients: 

 
(1) Exosome proteins associated with an anti-virus response 

E.g.: Exosome COPB2 and PRKCB 

(2) Coagulation-related exosome proteins and RNAs 

E.g.: Exosome MFAP4, ECM1, CAPN, FGG, and CD147 

         CDKN2B.AS1 as RNA (long-non coding RNA *3)) 

(3) RNA associated with liver disease 

E.g.: microRNA-122-5p (microRNA *4)), SNORD33 (small nucleolar RNA *5)) 

 
Out of these markers, COPB2, an exosome protein associated with an anti-virus 

response (components of a COPI vesicle important for golgi-ER trafficking), had the best 

prognostic ability regarding the worsening of COVID-19 patients' symptoms in this 

research cohort (AUC=1.0, and both sensitivity and specificity = 100%). In other words, 

COVID-19 patients who have high levels of exosome COPB2 in their blood at the time 

of admission (or when they are tested positive) may be able to overcome the disease 

without experiencing serious events (Figure 1). 
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 Figure 1: Early prognosis for COVID-19 using exosome COPB2 
 
Exosome proteins related to an anti-virus response were expressed at a statistically 
significant level in the group of patients with mild symptoms. 
COPB2 had the best result. 
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On the other hand, the degree of liver damage and coagulability have been reported 

as prognostic factors for COVID-19 in previous studies with regard to (2) coagulation-

related markers and (3) liver disease-related RNAs. We found that the results of this 

analysis reflected the clinical background of COVID-19 patients up to this time. 

Compared with D-dimers and hepatic enzyme ALTs which reflect coagulability measured 

in clinical testing, coagulation-related exosome proteins and RNAs, and liver disease-

related RNAs had excellent prognostic ability. 

 

This research on early prognoses for COVID-19 patients using liquid biopsies 

suggested the possibility that patients with a (1) high level of exosome proteins related to 

an anti-virus response such as COPB2 may not see a worsening of their condition, while 

patients with (2) high coagulation-related exosome proteins and RNAs or (3) high liver 

disease-related RNAs could see a worsening of their condition (Figure 2). This suggests 

that functional exosome components can also be a potential cause and mitigation for the 

worsening of COVID-19. 
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COPB2 had the best prognostic ability regarding the worsening of 
COVID-19 patients’ symptoms in this research cohort (AUC=1.0, 
and both sensitivity and specificity = 100%). 
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Figure 2: Early prognosis for COVID-19 patients using exosomes and blood RNAs 
with liquid biopsy   

 
 
 
 
 
 

 

 
 

 
 
 

[Future Research Plans and Ripple Effect] 

Based on the results of this research, we are currently conducting a validation analysis 

with the help of different patient groups. Prognoses for COVID-19 patients using liquid 

biopsies are expected to develop very differently than traditional humoral factors such as 

blood markers, cytokines, and chemokines. The important point is that exosomes 

circulate through blood and are incorporated into cells for gene control. In fact, there are 

reports that some of the above-mentioned molecules are therapeutic target molecules 

for SARS-CoV-2, and that they have associations with conditions of the disease. It is 

suggested that the factors discovered in this research are not just blood biomarkers, but 

also may be related to important mechanisms regarding the worsening of symptoms 

related to COVID-19. It is expected that supplying or eliminating the exosomes and RNAs 

would lead to the development of new treatment methods for COVID-19. We are 

currently developing diagnostic kits that focus on exosome COPB2. 

 
[Terms] 

*1) Next-generation sequencer: A highly-precise analysis method that makes it possible 
to determine thousands to millions of gene arrangements simultaneously. This method 
made analyses on the expression of various RNAs described below possible. 

*2) Mass spectrometry: A method for comprehensive analysis of proteins in a test 
sample 

*3) long-non coding RNA: Non-coding RNA (not translated into proteins) with 200 or 
more bases 

*4) microRNA: Functional nucleic acid that becomes a micro non-coding RNA (not 
translated into proteins) with 20 to 25 bases 

*5) small nucleolar RNA： One of the non-coding RNAs 

Patients with mild symptoms who were tested 
positive for SARS-CoV-2 through PCR testing 

Prognoses for them are currently difficult. 

Blood taken at the time of admission 

Exosome proteins associated with 
an anti-virus response   High 

- Coagulation-related exosome 
proteins and RNAs   High 
-  RNAs associated with liver 
disease   High 

Symptoms will get worse. 
Concentration of medical resources 
for patients with poor prognosis 

Symptoms will not get worse.  
Early discharge or quarantine at home 
(Normal immune response to the virus) 
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○ Inquiries Regarding This Research 

Takahiro Ochiya, professor of the Department of Molecular and Cellular Medicine, 

Institute of Medical Science, Tokyo Medical University 

E-mail: tochiya@tokyo-med.ac.jp 
 

Yu Fujita, instructor for the exosome drug development study course at Jikei University 

School of Medicine 

E-mail: yuugot@jikei.ac.jp 
 

Mitsuru Miyato, CEO of International Space Medical Co., Ltd. 

E-mail: miyato@ism.bio 

 
○ Inquiries Regarding the Press Release 

PR / Social Cooperation Promotion Section, General Affairs Division, Tokyo Medical 
University 

TEL: 03-3351-6141 (main) 
 

PR Section, Management Planning Division, Jikei University 

TEL: 03-3433-1111 (main) 

E-mail: koho@jikei.ac.jp 
 

PR Section, International Space Medical Co., Ltd. 

TEL: 03-4216-0238 (main) 

E-mail: info@ism.bio 

TEL: 090-1842-7113 (direct line to Mr. Miyato) 
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