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Africa, challenges, COVID-19, implications, laboratory diagnosis

The COVID-19 infection has been a matter of urgency to tackle around the world today, there 
exist 200 countries around the world and 54 countries in Africa that the COVID-19 infection cases 
have been confirmed. This situation prompted us to look into the challenges African laboratories 
are facing in the diagnosis of novel COVID-19 infection. A limited supply of essential laboratory 
equipment and test kits are some of the challenges faced in combatting the novel virus in Africa. 
Also, there is inadequate skilled personnel, which might pose a significant danger in case there is 
a surge in COVID-19 infection cases. The choice of diagnostic method in Africa is limited as there 
are only two available diagnostic methods being used out of the six methods used globally, thereby 
reducing the opportunity of supplementary diagnosis, which will further lead to inappropriate 
diagnosis and affect the accuracy of diagnostic reports. Furthermore, challenges like inadequate 
power supply, the method used in sample collection, storage and transportation of specimens are 
also significant as they also pose their respective implication. From the observations, there is an 
urgent need for more investment into the laboratories for proper, timely, and accurate diagnosis of 
COVID-19.

1. Introduction

The outbreak of the new coronavirus disease of 2019 
(COVID-19) infection began on November 17, 2019, in 
the Hubei province of Wuhan, China (1). This infection 
was identified by real-time polymerase chain reaction 
(RT-PCR) assay on December 30, 2019, by the WHO 
office in China (2). The virus has spread across regions 
and territory of many countries since then (3). The 
causative agent of the disease is severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), which is 
currently being diagnosed with the RT-PCR because of 
its reliability (4). SARS-CoV-2 is similar to the severe 

acute respiratory syndrome virus (SARS-CoV) by ~80%, 
also has ~50% similarity to the Middle East respiratory 
syndrome virus (MERS-CoV) and ~96% closeness to bat 
coronavirus (RaTG13) (5). 
 The COVID-19 has been classified as a pandemic 
by the World Health Organization (WHO) on March 
11, 2020 (6). A total of 5,596,550 confirmed cases 
and 353,373 deaths have been reported globally. 
African Region has reported 124,733 cases, which are 
approximately 2.23% of the global confirmed cases as 
well as 3,700 deaths (1.05%) of the worldwide death 
toll. All record is given as of May 28, 2020 (7). The 
decreased number of confirmed cases and death rates in 
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Africa compared with the other continents may be due to 
the lower rate of testing, which undermines the incident 
rate and therefore not giving the real picture of the 
outbreak (8).
 At the beginning of this pandemic, only two African 
countries were conducting COVID-19 diagnoses using 
the RT-PCR (9). Later on, many African countries 
introduced laboratory diagnostic tests. For example, 
Nigeria has four laboratories that can detect COVID-19 
infection. These laboratories are facilitated by the 
African Center for Disease Control (ACDC) and Nigeria 
Center for disease control (9,10).
 Generally, COVID-19 can be diagnosed using the 
following laboratory techniques: molecular methods 
(nucleic acid testing), serology (protein testing), rapid 
antigen test (point of care testing), cell culture, computed 
tomography. The molecular method using RT-PCR is 
the most specific and sensitive diagnostic method with 
as fast as three hours of reliable diagnosis (10). Africa as 
a case study, many laboratories diagnosing COVID-19 
have proven to be a massive challenge due to various 
factors such as resource limitations, unavailability 
of sensitive diagnostic tests, and implementation of 
prevention strategies during diagnoses process. In 
contrast, in the developed nations of the world, multiple 
laboratory diagnostic methods are being employed. 
In the advent of a disease outbreak, developing an 
effective diagnostic protocol is always a clamour of the 
general masses and scientists. However, the scientific 
community is equally faced with the task of developing 
rapid diagnostic techniques and equipment, especially in 
severe cases of epidemic and pandemic where a need for 
mass diagnosis must be met (11).
 The absence of extensive testing data has contributed 
to the inappropriate estimation of the outbreak and 
the response to it in Africa. Some deaths have been 
recorded. Therefore, swift responses are required 
in Africa to overcome the challenges of laboratory 
diagnosis to minimize the implications of COVID-19 
infection. Also, there must be an appropriate protocol for 
sample collection, transportation, and precise diagnosis 
to help reduce the impact on the continent (11). Those, 
as mentioned above, will help us to unravel the real 
implication of the pandemic on African populace and 
take appropriate steps. 

2. Laboratory techniques for COVID-19 diagnosis 

2.1. Serology

In serology, antigen and antibody of viral proteins that 
elicit a response to SARS-CoV-2 infection are being 
used for COVID-19 diagnosis. Serology tests can be used 
to monitor the progress of the disease, past infection, 
and developed an immunity. Early-stage of infection is 
indicated by the presence of immunoglobulin M (IgM), 
while prior-infection and post-infection protection are 

indicated by immunoglobulin G (IgG) (12). The use of 
the test is also essential in epidemiological investigations 
and the development of vaccines (12). A recent study 
showed that both IgM and IgG antibodies were detected 
in all the 39 infected patients who were studied after 5 
days of being infected (11).
 The infection causes changes in viral load, which 
make viral proteins challenging to detect. Kelvin et al. 
(13) found high salivary viral loads in the first weeks, 
after the onsets of symptoms, which gradually declined 
with time, but on the other hand, antibodies produced in 
response to viral proteins provide a full-time frame for 
the indirect detection of SARS-CoV-2. This test targeting 
antibodies as markers of SARS-CoV-2 infection can 
be of use in COVID-19 diagnosis. The shortcoming of 
this method is the possibility of having cross-reactivity 
of SARS-CoV-2 antibodies with antibodies produced 
against other coronaviruses (14). 

2.2. Rapid antigen test 

Rapid antigen test is a lateral flow technology that uses 
a protein biomarker whereby the colourimetric signal 
is produced on the paper by the gold-coated antibodies, 
which confirm the presence of SARS-COV-2 (15). They 
are meant to provide a reasonable turnaround time, and 
they are of lower-cost in the diagnosis of COVID-19 (11). 
They are used for the determination of infection without 
sending samples to microbiological laboratories. Thus, 
rural communities without laboratories can conduct 
a diagnosis of suspected patients using rapid antigen 
tests (14). Though, rapid antigen test is limited by their 
reduced sensitivity. Lateral flow antigen detection for 
SARS-CoV-2 is an approach of quick antigen test, and 
this approach is undergoing development for diagnosis 
of COVID-19 (14).

2.3. Computed tomography (CT)

Usually, a chest radiograph is commonly employed as 
an imaging study for patients with respiratory illnesses. 
Chest CT scan was used for diagnosis of COVID-19 
infection in the Hubei Province China due to the 
shortage of RT-PCR kits. In a chest CT scan, many X-ray 
measurements are taken at different angles across the 
chest of the patient; this is to produce cross-sectional 
images. The images are then subjected to analysis by 
radiologists to examine abnormal features that can raise a 
cause for further diagnosis (14). 
 There are controversies on the suitability of CT 
scan for diagnosis of COVID-19. Earlier studies have 
reported a high degree of sensitivity of CT scan for 
diagnosis of COVID-19 (16,17). But the reports have 
been faulted based on poor research design, incomplete 
methodology, and lack of gold standard. There are also 
many confounding variables, a short discussion, and pair 
review process query. Therefore, caution should be taken 
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Taqman), the fluorescent dye binds to the amplified 
gene product, and the qPCR reads the CT value (25). 
QRT-PCR is done in a specific thermal cycler that can 
illuminate each sample with a light beam of a specific 
wavelength and afterward detect the fluorescence that 
the excited fluorophore is emitting (26). This technique 
is being used in diagnosing COVID-19 (SARS-COV-2) 
as earlier described by Chu et al. (27) and Tang et al. 
(28). The peculiarity of qRT-PCR lies in its ability to 
quantify the viral presence. The principle of qRT-PCR 
assays involves following the R.T. of RNA into cDNA. 
Therefore, useful detection chemistry is needed to report 
the presence of PCR products. An instrument that will 
monitor the amplification in real-time is also required, 
and appropriate software for quantitative analysis (25).

2.5.3. Droplet digital PCR

The ability of droplet digital PCR (ddPCR) to measure 
the levels of amplifiable targets precisely makes it an 
essential technique for measuring and determining copy 
number alterations (CNAs) in genomic biomarkers (29). 
Yu et al. (30) stated that COVID-19 was diagnosed in 
China using a digital PCR kit from one of their studies. 
The kit detects the ORFlab gene, N gene, and a positive 
reference gene. Ten copies/test was the detection limit 
(30). Studies have shown that digital droplet PCR 
(ddPCR) possess some advantages over RT-PCR in 
terms of absolute quantification and more sensitivity for 
virus detection (31). Yu et al. (30) reported that both RT-
PCR and ddPCR showed reliable accuracy in samples 
with high viral load and negative examples, but digital 
droplet PCR (ddPCR) was better at detection in samples 
that possessed low viral load. 
 Out of all these laboratory diagnostic methods, 
Africa has concentrated firstly on qRT-PCR and the 
RT-PCR. There has not been much evidence of the 
laboratory techniques used in African from selected 
published reviewed papers. Likewise, there is a shortage 
of information on the use of ddPCR in Africa for the 
diagnosis of COVID-19 (30). This has a significant 
challenge on the determination of the virus by not 
combining other methods for proper diagnosis; this could 
affect the accurate transmission picture of the virus in 
each country from Africa. There will likely be records 
of false positivity and negativity by the quality of the 
diagnostic protocols. Though qRT-PCR has helped in 
detecting the virus in suspected COVID-19 patients 
for differential diagnosis of the unknown respiratory 
syndrome, screening of asymptomatic individuals and 
rescreening of confirmed COVID-19 patients that have 
receives treatment for the infection to be tested positive 
before being discharged. For the understanding of the 
pathogenesis of the circulating viral strains in Africa, 
cell culture should be encouraged, and facilities should 
be provided (31). This will help Africa to have a better 
understanding of the pathogenesis of the circulating 

in the use of this method (18). Also, typical CT scan 
results in COVID-19 patients at the early stage of disease 
infection (0-2 days) are not frequently precise (19). 
These shortcomings of CT scans make the diagnosis of 
COVID-19 challenging to be differentiated from other 
viral infections like pneumonia, and there is also the 
hysteresis of abnormal CT imaging in the process of 
diagnosis (20).

2.4. Cell culture 

According to WHO interim guidance for COVID-19, 
virus isolation is not recommended as a routine 
diagnostic procedure. Isolation of human coronaviruses 
in cell culture is not a conventional diagnostic technique 
due to lack of permissive cell lines, labour, expertise 
requirements and lack of commercial antisera for culture 
confirmation (11). Also, there is a strict guideline for cell 
culture procedure for COVID-19. The biosafety practices 
in the laboratory concerning COVID-19 infection are 
classified under the biological safety level-3 (BCL-3), 
requiring personal protective device and respirators, 
scrub suits, and solid-front wraparound gown. Also, the 
biological safety cabinet (BSC) must be available, hand-
free sink, eyewash, and sustained directional airflow 
towards a self-closing door (21). However, cell culture is 
essential for antiviral and pathogenesis research (22).

2.5. Nucleic-acid testing

2.5.1. Real-time polymerase-chain reaction

In Africa, only the molecular method of nucleic acid 
testing is being carried out in specialized laboratories. 
It will be essential to acknowledge that RT-PCR 
testing is the standard gold method for diagnosis of 
COVID-19 (23). This method is basically to genetically 
test for SARS-CoV-2 by using reverse transcription-
polymerase chain reaction (RT-PCR) kit. Using RT-PCR 
kits, the SARS-CoV-2 RNA is reversely transcribed 
into complementary DNA strands, then subjected to 
amplification of specific regions of the cDNA (14). 
Real-time PCR is the technique of retrieving data 
throughout the process of PCR by joining amplification 
and detection into one single operation. The principle 
is using a variety of different fluorescent chemistries in 
correlation with the concentration of PCR product to 
florescent activity (24).

2.5.2. Real-time quantitative reverse transcription PCR 

Real-time quantitative reverse transcription PCR 
is a reliable technique for product detection and 
measurement during each cycle of the PCR process. 
It is essential for effective counting of microbial load. 
Hence it is imperative for the diagnosis of viral infection. 
Depending on the kind of probe (SYBR Green or 
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strain as much as enhancing antiviral research.
 The better the understanding of the community-
community-transmission rate, the more rural diagnosis 
should be carried out. Therefore, validation of the rapid 
antigen test is essential in this case because of their 
reduced sensitivity. But if the validation is appropriately 
carried out, it will, in turn, help the rural community in 
the detection of COVID-19 infection (31). 

3. Challenges of laboratory diagnosis of COVID-19 in 
Africa

3.1. Africa health system 

The health systems in Africa are strained and have 
minimal capacity to control the pandemic (32). Apart 
from this endemic infectious disease, the health systems 
in Africa are facing both communicable and non-
communicable diseases, including injury, anaemia, 
malaria, HIV/AIDs, tuberculosis, and cancer. As a result, 
the health systems in Africa are stretched thin, to begin 
with, and there is very little access to the room to absorb 
the COVID-19 pandemic (33). Besides, Africa has the 
lowest capacity to provide critical care in the world. A 
recent analysis showed that countries with the highest 
numbers of intensive care beds per capital do not include 
any country from Africa (33). In Liberia, there are no 
intensive care units (ICU) with ventilators, for example. 
Uganda has 0.1 ICU bed/100,000 population. But, the 
United States has 34.7 beds/100,000 population (24). The 
potential to treat severe forms of COVID-19 depends 
on the availability of ventilators, electricity, and oxygen 
because this infectious disease could lead to respiratory 
failure requiring ventilation support (33). The challenges 
could be summarized under the headings, such as lack 
of sufficient human personnel, poor budget allocation to 
the health sector, and weak management and leadership 
policies (32). 

3.2. Insufficient human resources

The problem of insufficient human resources comes first 
in Africa health sectors. There is the problem of a low 
number, uneven distribution, and immigration of African 
exports to European and Asian countries (34). Also, 
poor delivery of services due to incessant strikes, weak 
government policies for civil servants, poor work attitude 
are some of the problems facing African health sectors 
(35). The WHO organization have also identified that 
the sub-Sahara African countries are facing a shortage of 
health care providers, and proper attention has not to be 
given by the African governments. These problems may 
lead to poor treatment outcomes and an inability to fulfil 
health goals nationally and globally (35).
 Also, most of the hospitals in Africa are faced 
with limited skilled healthcare personnel in which 
there have been mass inflows of both asymptomatic 

and symptomatic patients. With time, this will later 
overwhelm the inadequate health infrastructure available 
in Africa. Also, this will make it difficult to spare 
medical personnel to leave their health posts to conduct 
field tests. Limited health care personnel pose limitations 
to the distribution of test kits needed for the diagnosis 
can delay the service for laboratory testing of suspected 
patients (36).

3.3. Poor budget allocation to the health system

Poor budget allocation to the health system is another 
significant challenge for the African health care system, 
and this has become a chronic problem, and this is even 
more severe with the present economic issue as a result 
of the lockdown (37). Out-of-pocket payments (OOPs), 
a regressive mode of funding, have been responsible 
for 40% of total healthcare funding in 50% of African 
countries (38). Even after several declarations by African 
heads of states of improved financing of the healthcare 
system, the allocated funds remain inadequate in the 
majority of the countries (37).
 The high cost of healthcare delivery, lack of financial 
sustainability, and absence of economic autonomy by 
the health care system are also contributing factors to the 
financial challenges of the health care system (39). The 
available budget to the healthcare system is a determinant 
factor in the success of the fight against the COVID-19 
pandemic. Therefore, an improved budgetary allocation 
is vital.

3.4. Leadership and management problem 

Poor leadership and management have had their toll 
on all sectors of governance, and the health sector had 
a significant share of it. It has been identified that the 
training, development, selection, and preparedness for 
a leadership position is one of the complex problems 
facing the future of the healthcare system in Africa 
countries (41). Unfamiliarity with the techniques of 
leadership, lack of political will, inefficient healthcare 
program integration, poor government policies, and 
corruption have been identified as the problems facing 
health care leadership and management structure (40). 
To effectively fight the menace of poor leadership, 
commitment to work, team spirit, job satisfaction, 
integrity, and dedication are expected of every potential 
leader.

3.5. Unavailability of the test kit

The swab and reagents that are needed to carry out the 
test for COVID-19 are in short supply for most of the 
African countries, and the kit cannot manufacture our 
own. A large amount of some of these supplies would 
have imported from China and some European countries. 
However, these countries are in small quantities, for they 
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too are affected by this virus. So that is a big challenge, 
and it can lead to an increase in the number of infected in 
the region (33).

3.6. Inadequate personal protective equipment (PPE)

Africa is exceptionally vulnerable because we are unable 
to manufacture enough PPE for this infection. The 
purchase of personal equipment such as masks, hand 
glove, and others are in short supply across the world. 
There is a competition on the protective purchase of 
this equipment with developed countries. That is the 
most unfortunate situation with this pandemic, and it is 
affecting every part of the world. For the outbreak of the 
Ebola virus in Africa, we counted on Europe or the U.S. 
to import supplies. But everybody is affected at the same 
time, and it becomes a big challenge (33).

3.7. Sample collection and analysis

Sample collection and analysis are critical steps in 
detecting the virus. The collection of samples for the 
laboratory must be done following the world health 
organization standard. The diagnostic test consists of 
a swab, a long stick with a piece of cotton or gauze at 
the end, taken from the throat and nose of the suspect 
case. The collection is the beginning of the process. 
Subsequent steps are essential, too. There are cases 
where samples are stated inadmissible. For example, 
it's only useable if it's accompanied by the right 
documentation (42). 
 Sample collection is challenging because of the nasal 
swab that is not made of cotton; it is long and flexible 
and can extend to the ear. Apart from the possibility of 
damaging the nose or ear, it could also inhibit sample 
collection and testing. Analysis in the lab requires 
expertise too, with accuracy and precision in terms of 
time and sample temperature (42). 

3.8. Transportation 

The samples must be controlled with the utmost caution. 
Unfortunately, we have come across cases where the 
person transporting the material mishandle it (43). It 
is also vital to respect the timeframe for carrying the 
sample, in particular, to make sure that it is stored and 
transported at a standard temperature of 2-8°C. If it is 
placed outside this standard temperature, it no longer 
conforming to the ideal. It must also be transported 
correctly and not put in a horizontal position or upside 
down. For this reason, it is essential to set the samples in 
a rack that shows the direction of storage with an arrow 
to keep them upright throughout the journey. Materials 
and specimens to be used in the laboratory should be 
placed in a secondary container to minimize breakage, 
spill, or contamination during transportation within and 
between laboratories (33). 

3.9. A limited power supply

The already dilapidated power supply system contributes 
to the challenges facing laboratory diagnosis in Africa. 
Regular power cuts pose a further challenge to the 
national health system infrastructure. Limited energy 
access or reduction in supply hours would affect 
healthcare facilities such as testing, cooling systems, 
medical devices, and equipment (44).

4. The implication of the challenge

4.1. Test kit 

Insufficiency of test kit can lead to a lot of casualties in 
Africa. As of May 28, 2020, the number of confirmed 
cases of COVID-19 in African region was 124,733, with a 
total death of 3,700. A total of 54 infected countries were 
reported in Africa with Egypt, Algeria, South Africa, and 
Cameroon leading the chart of most confirmed cases (45). 
The number of confirmed COVID-19 cases in Africa is 
not a true reflection of the outbreak due to insufficient 
kits. These issues may lead to misdiagnosis of the patient, 
inadequate treatment, and increased mortality rate. The 
laboratory personnel may tend to manage some of the 
malfunction test kits to avoid interruption in daily data to 
be compiled. This may lead to the inability to determine 
the true prevalence and spread o of the diseases. In 
addition, it results in a high mortality rate.

4.2. Personal protective equipment

World Health Organization has warned that severe and 
mounting disruption to the global supply of personal 
protective equipment (PPE) such as face shields, surgical 
masks, diagnostic swabs, ventilator components and 
reusable N95 respirators – caused by rising demand, 
panic buying, hoarding, and misuse – is putting lives 
at risk from the new coronavirus and other infectious 
diseases (46). According to findings, before the 
COVID-19 pandemic, the only country producing the 
PPE in Africa is South Africa. The shortage of PPE 
has given a lot of local industries, uprising companies, 
and small-scale firms to start the production of the PPE 
without proper precautions. It is well known that Africa 
did not have a trade of PPE before now, and the shortage 
has made many to start production. This is risky because 
the person producing it might also be an asymptomatic 
COVID-19 patient or might have come in touch with 
someone with it. This will increase the rate of spread of 
this SARS-COV-2 and also increased the mortality rate 
(46). These make African more vulnerable to this disease 
than any other continent. The shortage may lead to a 
reduction in the workforce of the laboratory personnel 
to avoid their lives being endangered. It may also lead to 
the management of PPE without proper care and making 
more lives vulnerable to these diseases.
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4.3. Transportation 

Africa has a high risk for the introduction of the novel 
coronavirus disease 2019 (COVID-19), because of the 
high volume of air traffic (via importing) and trade 
between China and Africa (3). Based on their analysis, 
the WHO International Health Regulations Monitoring 
and Evaluation Framework; Egypt, Algeria, and South 
Africa had the highest importation risk and a moderate 
to high capacity to respond to outbreaks. Also, Nigeria, 
Ethiopia, Sudan, Angola, Tanzania, Ghana, and Kenya 
had medium risk with variable size and high vulnerability 
(3). In the model, the risk mainly originates from 
Guangdong, Fujian, and Beijing. The study illuminates a 
valuable tool that can help countries in Africa prioritize 
and allocate resources as they prepare to respond to 
the potential exposure and spread of COVID-19 (9). 
This might also be a severe implication to laboratory 
personnel because most of the laboratory tools are 
imported from distant countries, and even most of the 
countries the goods will pass through are on lockdown. 
There might be a need for the approval of high 
governance body to allow the movement of the products, 
and there might be a delay which will elongate the work 
of laboratory personnel (18). If there is damage in the 
laboratory kits, it may not be easy to repair because of 
transportation issues, and this will reduce the workforce 
of the laboratory personnel, lengthening diagnosis, and 
increase the spread. Transportation of laboratory samples 
will be one of the utmost problems facing Africa. There 
is a timeframe for transporting specimens. If the samples 
are placed outside the ideal temperature, the example 
no longer conforms to the standard, which may cause 
a problem when analyzing or interpreting the sample 
results (9).

4.4. Skilled laboratory personnel

In African countries, there is inadequate laboratory 
personnel that understand the use of COVID-19 
laboratory diagnostic tools. Some of these countries did 
not have this equipment before the start of COVID-19 
pandemics, and nations that have the equipment have 
few-laboratory personnel. So, there will be a need to 
provide more laboratory diagnostic tools with sufficient 
and quality laboratory personnel. This will allow a rush-
training to employ more people to work as laboratory 
personnel. The training might not be adequate, because 
the rate of assimilation of everyone is different. 
Besides, this may pose a threat to the lives of people, 
and misinterpretation of laboratory results might be 
frequent (47). 

4.5. Power supply

In some countries in Africa, there is limited or no power 
supply. This allows the laboratory to make use of the 

power generator, and the power generator may heighten 
risk because of its carbon monoxide emission. This will 
also cripple telecommunication and ICT services. These 
would also delay minute to minutes monitoring and 
reporting (48).

5. Conclusion 

This study has shown that tackling COVID-19 pandemic 
in Africa requires effective laboratory diagnosis. 
However, as noted from this review Africa as a continent 
has depended majorly on only two laboratory diagnostic 
methods (RT-PCT and qRT-PCR) for detecting 
COVID-19 infection. This showed us a limitation 
to the effective elaborate laboratory diagnosis of the 
vast African populace. Specifically, the insufficiency 
in test kits, personal protective equipment, limited 
skilled personnel, inadequate power supply, and bad 
transportation system have all impaired the accurate 
diagnosis of COVID 19 infection. These challenges 
could have led to misdiagnosis of patients, slow rate 
of diagnosis of suspected cases, increased number of 
infected persons, inadequate treatment, and ultimately 
increased mortality rate.
 Having noted all these challenges, it is therefore 
imperative that Africa responds quickly to provide 
sufficient standard laboratory diagnostic tools. Also, 
more diagnostic techniques should be employed as 
alternatives and support to the existing methods. 
Moreover, laboratory personnel should be adequately 
trained to execute accurate diagnosis. There should be 
improved remuneration for health workers generally and 
better funding of the health sector. These will help to 
reduce the spread of SARS-CoV-2, and the mortality rate 
will be reduced consequently. 
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Coronavirus disease 2019 (COVID-19) is found to be associated with various comorbidities which 
include cardiovascular diseases, hypertension, and diabetes. The impaired regulation of renin-
angiotensin-aldosterone system (RAAS) has been seen in COVID-19 patients, but whether RAAS 
inhibitors, such as angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II type 1 
receptor blockers (ARBs), are responsible for worsening of clinical conditions remains unknown. 
Herein, we review the role of angiotensin-converting enzyme 2 (ACE2) expression in disease 
progression, its association with comorbidities and COVID-19, and summarize the clinical evidence 
for several potential directions for future research work on ACEIs/ARBs in COVID-19 patients.

1. Introduction

The recent outbreak of the coronavirus disease 
2019 (COVID-19) is a serious threat to the human 
population all along the globe. The COVID-19 cases 
were first reported in December 2019, in the region 
of Wuhan, China, then it spread rapidly worldwide, 
and meanwhile, COVID-19 became a global public 
health emergency of utmost concern (1). The causative 
agent has been spotted as a novel enveloped RNA 
beta-coronavirus and has been named severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
(2). The clinical outcome of SARS-CoV-2 infection is 
mainly distinguished by respiratory tract symptoms, 
which include dry cough, fever, fatigue, pharyngodynia, 
and problems associated with pneumonia and acute 
respiratory distress syndrome (3).
 Population with all age groups is vulnerable to 
SARS-CoV-2, but the older age population and those 
with other comorbidities are found to be more prone to 
critical outcomes. According to current knowledge, the 
death rate seems to be higher in patients with severe 
underlying diseases (4). This includes cardiovascular 
diseases, hypertension, diabetes mellitus, chronic 
obstructive pulmonary disease (COPD), malignancy, 
and chronic kidney disease (5). The causality rate 
in COVID-19 patients was examined to be larger in 
patients with underlying diseases, i.e. cardiovascular 
disease (10.5%) and hypertension (6.0%) when 
compared with the normal population (2.3%) (6). Apart 

from this, diabetes is another common disease that 
is linked to the worst outcomes in COVID-19 and is 
often linked to hypertension and prescribed with renin-
angiotensin-aldosterone system (RAAS) inhibitors (7). 
However, the explanation behind this observation is 
mostly unknown.
 RAAS inhibitors are commonly prescribed drugs for 
various indications such as hypertension, myocardial 
infarction, cardiac failure, kidney diseases, and 
complications of diabetes all over the globe (7). Now, 
the use of RAAS inhibitors is under the controversial 
discussion of  assumptions of  two hypotheses 
(deleterious vs. protective) (8). In the "deleterious effect" 
hypothesis, RAAS inhibition leads to the upregulation 
of angiotensin-converting enzyme 2 (ACE2) expression 
at the cell surface, which will promote SARS-CoV-2 
entry. In the "protective effect" hypothesis, RAAS 
inhibition will decrease the formation of angiotensin II, 
which would otherwise, upon SARS-CoV-2 binding, 
activate angiotensin II type I receptor (AT1R), driving 
inflammation and fibrosis in the lung. In response to this 
discussion, the Council on Hypertension of the European 
Society of Cardiology made the following statement, 
"The Council on Hypertension strongly recommends that 
physicians and patients should continue treatment with 
their usual anti-hypertensive therapy because there is no 
clinical or scientific evidence to suggest that treatment 
with angiotensin-converting enzyme inhibitors (ACEIs) 
or angiotensin II type 1 receptor blockers (ARBs) should 
be discontinued because of the COVID-19 infection" 
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(9). The preceding statement has been then supported 
by the various numbers of distinguished societies, 
suggesting a continuation of the current medication 
regimen to the hypertensive patient with COVID-19. 
On March 17, 2020, the American Heart Association, 
the Heart Failure Society of America, and the American 
College of Cardiology put out a joint statement 
commending to continue ACEIs/ARBs as prescribed 
and any changes in medications in the setting of 
COVID-19 should be done only after careful evaluation 
(10). Therefore, prompt attention is needed to answer 
the existing cause of disease severity in COVID-19 
patients having underlying diseases that would support 
in making timely clinical decisions (11,12).
 Herein, we review the role of ACE2 expression in 
disease progression, its association with comorbidities 
and COVID-19, and summarize the clinical evidence 
for several potential directions for future research work 
on ACEIs/ARBs in COVID-19 patients.

2. Expression of ACE2 receptors

ACE2, a transmembrane protein having extracellular 
N-terminus and an intracellular C-terminus, primarily 
distributed on endothelial cells. Its catalytic site, similar 
to that of ACE, is mainly faced to distinct vasoactive 
peptides that are in circulation (13). The action of ACE2 
is regulated by its expression pattern on the cell surface 
and also via its cleavage from the cell membrane. ACE2 
genes are located on the X chromosome (14), and its 
receptors are ubiquitous. ACE2 receptor expression 
is broadly observed in distinct human tissues such as 
lung, endothelium, heart, intestine, and kidney, which 
indicates the entry point for viruses like SARS-CoV 
and SARS-CoV-2 for their infection and multiplication 
(15). However, ACE2 expression varies and depends 
upon various factors such as age, gender, ethnicity, and 

physiological state, for example, more expression of 
ACE2 is observed in Asian as compared to white and 
African-American population (16). This differential 
expression is often detrimental to the severity of the 
diseases (Figure 1).
 The expression of ACE2 in the lungs is found to 
be declined with the progress of the age (17) which 
is more to be in men as compared to women (17). 
Reduced expression of ACE2 has been linked with 
clinical conditions like diabetes mellitus which may be 
under the effect of glycosylation (18-20). Also, various 
clinical and experimental studies show the relevance of 
ACE2 deficiency due to either inhibition or deletion as a 
causative outcome for hypertension (21,22). Additionally, 
its deficiency is linked to aggravation of hypertension 
as well as cardiac hypertrophy, which is stimulated 
by angiotensin II (23) which is also responsible for 
remodeling of defective left ventricular after myocardial 
infarction (24). Furthermore, ACE2 deficiency enables 
the patients more vulnerable to cardiac failure (21). 
Deletion of the heterozygote ACE2 gene is found to 
be sufficient in increasing the vulnerability to cardiac 
diseases (25). Besides this, deficiency of ACE2 is found 
to be one of the critical factors in the pathogenesis of 
SARS-CoV-2 infection. The ACE2 down-regulation 
stimulated with the viral invasion assumed to be 
detrimental particularly in patients with threshold ACE2 
deficiency for example in case of old age population, or 
having hypertension, diabetes or prior cardiovascular 
diseases.
 Moreover, over-expression of ACE2 is found to be 
preventive or can reverse the heart failure conditions 
(26). Modulation of ACE2 expression is seen with 
some etiological factors, like 1) Environmental 
conditions: This mainly includes polluted air which 
should be considered. The ACE2 activity was increased 
massively about 100 fold, in experimental models after 
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Figure 1. Expression of ACE2 receptors.
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and the association affinity between ACE2 and RBD 
was found to be much greater for SARS-CoV-2, on 
assessment with computer modeling and biophysical 
analysis (41,42).
 Receptor binding is initiated via the viral spike 
protein, which is further processed by the TMPRSS2 
protease (43). At this point, the spike protein associates 
with the extracellular domain of ACE2, which stimulates 
clathrin-dependent endocytosis of the complex (43-45). 
Curiously, this association is surprisingly improved in 
patients experiencing hypertension or coronary illness 
just as in diabetes or other comorbid conditions (46-48). 
After the entry of viruses, the viral RNA is discharged 
into the host-cell and further replicated by using the 
host cell's machinery to produce infectious virion 
which is released via exocytosis process. Moreover, 
apart from producing infectious virion, replication, and 
infection mechanism of SARS-CoV-2 also influences the 
ACE2 expression as well as its presentation. Receptor 
internalization leads to the decreased availability of these 
receptors for binding to the cell surface. The function 
of ACE2 is to degrade angiotensin I into angiotensin 
(1-7) peptides, which is responsible for lower blood 
pressure and vasodilation. The down-regulation of 
ACE2 disturbs the balance between ACE/angiotensin II 
and ACE2, however, the action of angiotensin II in the 
RAAS is increased due to the absence of antagonism, 
angiotensin (1-7) (21), shown in Figure 2. In order to 
know the significance of angiotensin II cleavage as a 
result of ACE2, there is need to understand the biological 
consequences of angiotensin II. Angiotensin II stimulates 
the release of hormone aldosterone and is a well-
known vasoconstrictor. In various studies, angiotensin 
II has been observed for initiating a variety of adverse 
reactions consequences, like interstitial fibrosis, 
myocardial dysfunction and hypertrophy, endothelial 
malfunction, obesity-associated hypertension, enhanced 
inflammation, oxidative stress and blood coagulation 
(15,21,44,49). Moreover, angiotensin II upon binding 
to AT1R exerts exacerbated pulmonary vascular 
permeability which results in increased hydrostatic 
pressure and finally pulmonary edema (50). In context 
to this, there are few experimental studies of lung 
injury that shows downregulation of ACE2 receptors 
stimulates inflammatory lesions in the tracheobronchial 
tree (thickening of alveolar walls, infiltrates of 
inflammatory cells, bleeding, edema) under the influence 
of angiotensin II (51-54). The significance of this RAAS 
activation as a causative factor of pulmonary edema in 
COVID-19 is still obscure (29). Nonetheless, a number 
of clinical observations are needed to decide whether the 
downregulated expression of ACE2 is a consequence of 
COVID-19 infection.

4. Role of ACEIs and ARBs in COVID-19

Obstruction of the RAAS is evinced to be favorable 

being exposed to NO2, which concomitantly increases 
the binding of angiotensin II to its receptor (27-29). 2) 
Smokers: In the case of smokers, ACE2 is overexpressed 
on the epithelium of the lung airways, which has been 
observed previously in small animals, wherein exposure 
to smoke led to the upregulation of both the activity 
and the expression of ACE2 in the airways (30,31). Cai 
et al. recently elucidated over-expression of the ACE2 
gene in smoker groups juxtapose to non-smokers (32). 
Zhao et al. elicited clearly that the ACE2 is expressed 
in type-2 pneumocytes, wherein the genes controlling 
the viral multiplication and transmission are also highly 
expressed (33). Smoking has the ability to intensify 
the ACE2 receptor expression (34), active smoking 
and COPD leads to over-expression of ACE2 in lower 
airways, which to some extent may clarify the expanded 
threat of severity in COVID-19 patients. These 
observations feature the significance of withdrawal 
from smoking in these sub-populations, together with 
increased surveillance programs of these risk subgroups 
and rapid diagnosis would further prevent the infection 
from this virus (35). 3) Alcohol: Okuno et al. have 
detailed about the prolonged rise of the activity of serum 
ACE in alcoholics, and suggested that the levels of 
angiotensin Ⅱ are increased because of incitement of 
ACE activity (36,37).
 Nevertheless, during pregnancy, the ACE2 expression 
is markedly increased at the mRNA level (38). Li et 
al. showed profound expression of ACE2 in maternal-
fetal interface cells. This includes perivascular cells 
of decidua and stromal cells, and cytotrophoblast and 
syncytiotrophoblast in placenta (39). The expression 
was also seen in particular types of cells in human fetal, 
i.e., lung, liver, and heart but not seen in the kidney. 
This study elucidated about the widespread expression 
of ACE2 receptor in specific cell types of maternal-
fetal interface and fetal organs which serve as an entry 
point for SARS-CoV-2 infection. The over-expression 
of ACE2 in these cells entails about the chances of 
placenta to be get infected by SARS-CoV-2 (39). 
Therefore, the illusion of any vertical transmission of 
the virus, pregnancy complication, and the placenta 
dysfunction or abortion due to SARS-CoV-2 must be 
clarified carefully with further investigation in clinical 
research and practice (39).

3. Association of ACE2 receptor in case of underlying 
disease or conditions in COVID-19

Various studies have given the factual basis of uses of 
ACE2 by the SARS-CoV and SARS-CoV-2 as a crucial 
cellular receptor to enable its infection. Both the viruses 
SARS-CoV-2 and SARS-CoV share 79% identity in 
nucleotide sequence (40). Studies have anticipated 
that the receptor-binding domain (RBD) of the spike 
glycoprotein present in both the viruses (SARS-CoV-2 
and SARS-CoV) allocate almost similar conformation, 
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in the restoration of kidney and cardiac function in 
the patients with clinical conditions such as kidney 
diseases, cardiac failure, and post-myocardial infarction 
(55,56). The two agents, ARBs and ACEIs are 
considered first-choice drugs in hypertension, heart 
failure, post-myocardial infarction, and chronic kidney 
disease and also increases the expression of ACE2 (57). 
ACEIs consist of a particular class of antihypertensive 
medication which is mainly marked for cardiac 
failure, post-myocardial infarction, asymptomatic left 
ventricular dysfunction, diabetic nephropathy, and 
proteinuria. ACEIs leads to vasodilation by reducing 
the production of angiotensin II (58,59). Furthermore, 
the activity of ACEIs is found to be high in the lungs 
due to the profound expression of ACE (51). So, during 
lung associated complications, administration of ACEIs 
leads in the augmented release of bradykinin in the 
lungs, which are mostly deteriorated by ACEIs. This 
may sensitize the airways and increases the cough 
reflex (60,61).
 Moreover, ARBs act on the RAAS pathway through 
effective blocking of AT1R and was initially developed 
for the treatment of hypertension. ARBs display 
pleiotropic defending effects as it is helpful in directly 
reducing the endothelial injury, organ fibrosis and 
inflammation, maintain mitochondrial activity, energy 
metabolism, and insulin sensitivity. It also protects 
the excessive metabolism of lipids and harmonize the 
coagulation processes (62,63). All these processes are 
the clinical features that are observed in a recovered 
patient with acute critical disorders (62,63). Because 
of these facts, ARBs are widely prescribed as first- line 

antihypertensives treatment options as well as for the 
treatment of other diseases like cardiovascular diseases, 
diabetes and kidney disease. Moreover, ARBs have 
the ability to decrease inflammation and debilitated 
epithelial and endothelium of various organs, which 
has been seen in various viral infections where ARBs 
protect the integrity of lung endothelial barrier directly 
that occurred due to acute injury (64). There is also 
considerable clinical evidence that shows straight 
consequences of ARB medication, which protects the 
lung from severe injury linked to sepsis, pneumonia 
sepsis, and influenza and reduces the mortality (64).
 COVID-19 patients with hypertension, diabetes, 
and cardiovascular diseases (among other underlying 
disease conditions that are often treated with these 
agents) have been reported to have the highest case 
fatality rates (6,65). The ACEIs/ARBs treatment which 
has the ability to induce exacerbated ACE2 expression, 
a receptor for SARS-CoV-2 entry in COVID-19 
patients, assumes to be having a controversial action 
because of reducing inflammatory responses in context 
to pathogen and at the same facilitating the virus entry 
(66). Moreover, the major concern is about ACEIs and 
ARBs treatment, which increases the severity as well 
as the mortality of COVID-19 patients by 2-fold. One 
assumption is that ACEIs could straight inhibit ACE2; 
however, ACE2 functions as a carboxypeptidase and is 
not hindered by clinically recommended ACEIs (67). 
Moreover, the topic is controversial and debatable, with 
a limited number of clinical evidence, shown in Table 1, 
which mostly suggest continuation of these medications 
till date.

Figure 2. SARS-CoV-2 infection and its relation with renin angiotensin aldosterone system (RAAS). ACE2: angiotensin-converting enzyme 2; 
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; RBD: receptor binding domain; SSRNA: single stranded ribonucleic acid; Ang 
I: angiotensin I; Ang II: angiotensin II; Ang (1-7): angiotensin (1-7); AT1R: angiotensin II type 1 receptor; AT2R: angiotensin II type 2 receptor; 
ACE: angiotensin-converting enzyme.
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5. Conclusion

Patients taking common hypertensive medications 
were not found to be at higher risk for infection with 
SARS-CoV-2, or to be more likely to have severe 
complications from COVID-19. However, this could be 
one of the active areas of research and proper clinical 
trials. The published clinical evidence is limited by 
various confounding factors, like small sample size, 
selection bias, the inappropriate association of data, 
time period of ACEIs or ARBs administration prior to 
or after testing, etc. Moreover, result interpretation is 
also subjected to a different grade of variations between 
countries as a result of insufficient testing of COVID-19 
patients and differences in disease prevalence (78). 
Moreover, few points that need to be considered from 
various studies in this context are:
 (1) The ACE2 gene is subjected to a larger degree 
of polymorphism and significantly associated with the 
phenomenon of arterial hypertension which has been 
observed in Han Chinese men and in women of diverse 
races and ethnicity (29,79). In addition to this, ACE2 
polymorphism is also linked to susceptibility to diabetes 
mellitus, ventricular hypertrophy cerebral stroke, septal 
wall thickness, and coronary artery disease mainly in 
the Asian population (29). Nonetheless, any possible 
association of ACE2 polymorphism with regards to 
differences in vulnerability to COVID-19 infection is 
still needed to be answered.
 (2) ACE2 binds more efficiently (about > 10-20 
fold) to SARS-CoV-2 than to SARS-CoV. This data, 
along with the other interpretation, like people of 
diverse races and ethnicity, with different sexes and 
ages were all vulnerable to SARS-CoV-2 infection, 
which entails that expression of ACE2 inside the human 
body under normal physiological condition may be 
sufficient enough to contract SARS-CoV-2 infection, 
and additional upregulation would not be the reason for 
increased risk or severity (66).
 (3) The RAAS inhibitors instead of inhibiting viral 
replication directly; there may be chances that they 
display their antiviral role through an indirect effect of 
inflammatory responses and immune regulation (77). 
Large prospective studies are needed to validate and 
explore this preliminary finding for further studies that 
will focus on the mechanism of action of ACEIs/ARBs 
to control the inflammatory response.
 (4) A randomized controlled clinical trial evaluating 
the role of ACEIs/ARBs is the need of the situation, 
before reaching to any interpretation regarding the 
likely benefit of these drugs in COVID-19 patients. 
Moreover, the trial will also be beneficial in the 
futuristic approach in tackling such a pandemic in 
different geographical regions. Together, these efforts 
may lead to finding of some new therapeutic molecule 
that will target ACE2 in COVID-19 patients with other 
comorbidities.
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Coronavirus disease 19, hydroxychloroquine, remdesivir, dexamethasone, tocilizumab, convalescent 
plasma

The healthcare sector has been overwhelmed by the global rise in the number of COVID-19 cases. 
The primary care physicians at the forefront of this pandemic are being provided with multiple 
guidelines (state, national, international). The aim of this review was to examine the existing 
guidelines for congruence and critically analyze them in light of current evidence. A discordance 
was noted between the national and state guidelines with respect to indication, duration and dosage 
of antivirals, steroids/immunomodulators, anticoagulation and convalescent plasma. The lack of 
concordance between various guidelines mandates the need for a unified national guideline that is 
regularly updated.

1. Introduction

The current coronavirus disease 2019 (COVID-19) 
pandemic has put a challenging situation in front of 
an already overburdened health care system with 
an inadequate doctor to patient ratio. The primary 
care physicians are at the front line of this pandemic 
and are not only dealing with an increased number 
of patients but are also facing difficulties in the 
management of critically ill patients. To fill the current 
knowledge gap and guide the management plans of 
primary care physicians, several guidelines have been 
published all over the world. In a review by Kow et 
al., inconsistencies and lack of consensus have been 
reported in recommendations given by several global 
bodies (1). The aim of this review was to compare and 
critically analyze the current existing guidelines for 
congruency.

2. Review strategy

The websites of Infectious Disease Society of America 
(2), World Health Organisation (3) and the Ministry 
of Health and Family Welfare of the central and state 
governments of India (4) were searched for the last 
available guidelines on COVID-19 as on 25.06.2020. 

The guidelines from the following states were available-
Kerala (5), Karnataka, Maharashtra and West Bengal 
(6). These guidelines were reviewed independently 
by three reviewers. The data extracted from these 
guidelines are compiled according to severity (mild, 
moderate, severe) and are discussed under the following 
headings (Table 1).

3. Anticoagulation

Concerns on the possible role of coagulopathy in 
moderate-to-severe COVID-19 were raised in the 
initial reports from China. Raised D-Dimer was found 
as one of the predictors of mortality (7). A descriptive 
study by Carsana et al. ,  on post-mortem lung 
specimens of COVID-19 cases revealed the presence of 
microthrombi (8). Similar observations were reported 
in other histopathological studies as well (9). Based on 
these observations, a possible role of anticoagulation in 
prophylactic or therapeutic dose in moderate to severe 
illness has been proposed. However, the evidence 
suggesting the benefit of anticoagulant therapy is still 
weak. A retrospective observational study by Tang et 
al. revealed no overall benefit of heparin on 28-day-
mortality. However, when adjusted for D-Dimer 
values, heparin prophylaxis was associated with a 
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statistically significant reduction in 28-day-mortality 
(10). There is a need to assess the safety and efficacy 
of anticoagulation in large scale prospective studies 
(11). Based on these observations, a possible role of 
anticoagulation has been proposed in patients requiring 
oxygen therapy. While most guidelines recommend 
the use of anticoagulation in patients with moderate/
severe disease, there are some differences with respect 
to indication for a higher prophylactic dose (Table 1). 
Although the evidence to use anticoagulants in mild 
disease is lacking, some of the state guidelines have 
recommended thromboprophylaxis in this category as 
well (Table 1).

4. Antivirals

4.1. Hydroxychloroquine (HCQ)

HCQ was touted as the wonder drug at the beginning 
of the pandemic based on small observational 
studies. Although a recent study from Michigan 
showed decreased mortality in the HCQ arm, several 
confounders were not taken into account (12). Based 
on the preliminary results of the RECOVERY and 
SOLIDARITY trial, the HCQ arm was discontinued in 
both the trials. In a randomized controlled trial, HCQ 
did not substantially reduce the severity of symptoms 
in patients with mild COVID-19 (13). Studies have 
also highlighted that adverse events such as arrhythmia 
are higher in the HCQ arm when compared to standard 
of care. Based on some observational studies, it was 
initially recommended to combine azithromycin with 
HCQ for a potential synergistic effect; however, it did 
not stand the test of time (14). This combination may 
be potentially harmful because of the increased risk 
of QT prolongation. An observational study published 
from India showed that although the use of HCQ 
prophylaxis, on the whole, was not associated with 
decreased infection rate, > 4 doses were associated with 
a decreased chance of infection (15). A randomized 
controlled trial showed that receipt of post-exposure 
prophylaxis with HCQ within four days of exposure 
did not decrease infection rates (16). Despite the lack of 
evidence, the national and state guidelines have retained 
HCQ with/without azithromycin as the preferred 
antiviral for clinical management in mild with/without 
risk factors and moderate illness. While the national 
guideline mentions that HCQ should be avoided in 
severe cases, other states continue to recommend and 
enforce the use of HCQ (Table 1).

4.2. Favipiravir

Favipiravir is an RNA polymerase inhibitor that has been 
marketed in India for treatment of mild COVID-19. A 
very small study compared favipiravir versus lopinavir/
ritonavir in patients with the non-severe disease and 

showed faster viral and radiographic clearance in patients 
on favipiravir (17). Although this study mandates need 
for larger studies, the evidence to use outside the purview 
of a clinical trial is not there.

4.3. Lopinavir/ritonavir

Lopinavir/ritonavir is a protease inhibitor that was 
initially tried for use in patients with SARS-COV-2. 
However, a randomized trial of 199 patients with severe 
COVID-19 showed that it did not help in improving 
the clinical outcomes and was also removed from 
the SOLIDARITY trial (18). Despite a lack of clear 
evidence, lopinavir/ritonavir has been recommended by 
some of the state guidelines.

4.4. Remdesivir

Remdesivir is a novel nucleotide analogue that is 
recommended for use in patients with COVID-19 
requiring oxygen. In a multinational, randomized, 
placebo-controlled trial of around a thousand patients 
with confirmed COVID-19 pneumonia, remdesivir 
resulted in a faster time to recovery. There was a trend 
towards lower 14-day mortality in patients in the 
remdesivir arm (19). In another study with a smaller 
sample size from China, time to clinical improvement 
and mortality was not statistically different with 
remdesivir compared with placebo. However, in patients 
who received remdesivir within ten days of symptom 
onset, there was a trend to shorter time to improvement 
and lower mortality rates (20). While the national and 
some state guidelines have incorporated remdesivir into 
their management algorithms, some states are yet to 
update theirs.

4.5. Others

Despite very poor evidence that supports the use of 
agents like doxycycline and ivermectin, they have 
found a place in management algorithms and clinical 
practice. It is therefore important that management 
guidelines are updated frequently and are based on the 
most recent scientific evidence.

5. Steroids

The controversy around the use of steroids was 
somewhat mitigated with results of RECOVERY trial. 
Dexamethasone (6 milligrams once daily for ten days) 
was found to be useful as it decreased 28-day mortality 
in patients requiring oxygen or invasive ventilation. 
It did not show any benefit in patients not requiring 
oxygen (21). No increase in the adverse effects or 
secondary infections was noted with dexamethasone. 
While most guidelines have adopted steroids in clinical 
management, there is wide variability in the formulation 
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(dexamethasone, methylprednisolone, hydrocortisone), 
dose (as high as 2 milligrams per kilograms of 
methylprednisolone) and duration of steroids, creating a 
lot of confusion.

6. Immunomodulators

6.1. Tocilizumab

Tocilizumab is an interleukin-6 receptor inhibitor 
that is now being used for the management of hyper-
inflammation in COVID. Pending randomized 
controlled trial, some observational studies have shown 
some benefit with tocilizumab. In a study of patients 
with severe COVID-19, tocilizumab was associated 
with a reduced risk of invasive mechanical ventilation 
or death (22). In another study of ventilated patients 
with COVID-19, tocilizumab was associated with lower 
mortality (23). Both the studies were associated with 
higher rates of superinfection. Although tocilizumab 
remains an investigational therapy, it has been 
recommended by some of the guidelines (Table 1).

6.2. Sepsivac

Sepsivac is a heat-killed Mycobacterium W that 
was developed as an immunomodulator for treating 
gram-negative sepsis. It has been proposed as a drug 
for COVID-19, but there are no published studies 
supporting this claim. However, it has been incorporated 
into the Karnataka state guidelines for patients of 
COVID-19 progressing into septic shock without much 
justification.

7. Antimicrobials

Although a possible coinfection in a patient with 
proven COVID-19 cannot be ruled out without doing 
microbiological tests, preliminary data indicates that 
coinfection with other pathogen is not very common in 
patients with COVID-19 (24). Blanket antibiotics in all 
patients with COVID-19 seems to be counterintuitive 
and goes against the principle of antimicrobial 
stewardship. Antibiotics should be used only in patients 
where bacterial infection is suspected (e.g. shock, new-
onset consolidation after improvement, etc.). Empiric 
antibiotics, when initiated, should be promptly de-
escalated based on microbiological cultures and/or 
negative procalcitonin reports. Despite India being a 
hub of antimicrobial resistance, several guidelines have 
recommended the use of prophylactic antibiotics in 
patients with moderate and severe disease (Table 1).

8. Convalescent plasma

Convalescent plasma has received much attention from 
the media and the public. It has been tried in the past 

for the treatment of various infectious diseases where 
no definitive therapy was available. It acts by acting as 
a source of neutralizing antibodies and inhibiting the 
replication of the virus (25). Since no single effective 
antiviral therapy is available, it may be a potentially 
effective therapeutic option for COVID-19. Use of 
convalescent plasma in the current pandemic is guided 
by experience from previous influenza and coronavirus 
epidemics (26). There has been limited published data 
for its use in COVID-19, mostly in the form of case 
reports or case series (27-29). In a Cochrane analysis, 
no conclusion could be drawn on the overall efficacy 
of convalescent plasma (30). Pending the results of few 
ongoing large-scale trials, most guidelines support the 
use of convalescent plasma only as an investigational 
therapy.

9. Conclusion

Due to the sheer numbers of people affected by the 
illness, the systems are moulding themselves and 
evolving in order to rise to the challenges thrown at 
them by the pandemic. In such a situation, having 
state, national and international guidelines that do not 
agree on recommendations can cause undue confusion. 
There is a need to have a unifying national guideline 
with ongoing appraisal and recommendations that 
are updated on the basis of evolving data. Similar 
incongruencies should be identified and addressed at 
the level of other countries as well to aid the clinical 
practice of physicians globally.
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This study was performed with the aim of making a very simple recipe of silkworm diet for research 
purposes, especially screening of drug candidates. We prepared a diet containing mulberry leaves 
powder and soybean flour at different ratios, fed them to fifth instar silkworm larvae, and observed 
their growth. We selected the diet with 1:1 ratio of mulberry powder and soybean flour, named MS-
11, and used for further experiments. MS-11 diet was available for oral administration of drugs 
in silkworm hyperglycemic model and infection model. The availability of a simple artificial diet 
for experiments that require feeding silkworms will enhance the use of silkworms for biological, 
biotechnological, and pharmacological researches.

1. Introduction

Silkworm (Bombyx mori) is a lepidopteran invertebrate 
that has been domesticated for silk production with a 
long history of breeding (1). Apart from using them for 
silk, silkworm larvae have gained attention as animal 
model of various human diseases. The basic common 
pathways shared by silkworms with mammals, their body 
features and size and ease in handling, and less ethical 
concerns make silkworms appropriate for research 
purposes before moving on to higher animal models (2).
 The fact that human pathogenic microorganisms 
kill silkworms and clinically used antibiotics cure those 
infections with comparable effective dose fifty (ED50) 
values (3) to those of mammals make silkworm suitable 
for using as an infection model. The activation of innate 
immunity and response towards infection (4) makes 
them suitable for the study of host-pathogen interactions. 
Further, similarity in pharmacokinetics (5,6) and 
toxicities (7) of compounds make them more reliable and 
appropriate for using them to identify lead molecules that 
have therapeutic effect and a potential to further towards 
clinical applications.
 Silkworms have been applied for the screening of 
novel antimicrobial agents with novel mechanism of 
actions from natural product (8) and chemical libraries 
(9-11), for screening of novel virulence factors of 
pathogenic microorganisms (12,13). The elevation of 
glucose in silkworm blood after ingestion of glucose 
and sucrose diet and lowering of this level by clinically 

used anti-diabetic drugs (14) makes them suitable for 
screening of compounds that may be applied as anti-
diabetes agents. The fate of compounds after ingestion 
such as bioavailability, absorption, distribution, 
metabolism, and excretion can be studied as silkworms 
have basic metabolic pathway common to mammals 
with involvement of cytochrome P450 enzyme for 
metabolism (5). On the basis of pharmacokinetic 
parameters, therapeutic activities of compounds with 
similar in vitro activities could be differentiated by 
evaluation with silkworms (11). Therefore, silkworm 
larvae are appropriate for pharmacological researches.
 Usually, silkworms are reared on mulberry leaves 
as they have a selective preference over it. As mulberry 
leaves are not available all year round, several artificial 
diets for silkworm rearing are commercially available. 
There have been several studies to establish artificial 
diets for silkworms focusing on improving the silk 
production (15-17). However, diets that can be easily 
prepared and suitable for establishing silkworms as 
disease models are lacking. In our laboratory, we have 
been routinely using artificial diet for research purposes. 
The comparison of the artificial diet with mulberry leaves 
on infection model of silkworm showed that the killing 
ability of a Gram-positive bacteria, Staphylococcus 
aureus, was same regardless of the diet fed (18).
 Even when mulberry leaves are available for 
silkworm rearing, some disease models require the 
use of artificial diets, especially in conditions where 
silkworms must be fed with substances under study. 
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For instance, when screening for blood glucose 
level lowering agents, silkworms should be fed high 
glucose/sucrose diet, when determining oral toxicity of 
compounds, the compounds must be fed to silkworms. 
In such experiments, it is necessary that silkworms 
feed on the substances and this in only possible when 
artificial diet is available.
 In this study, we established a simple artificial diet, 
MS-11, for pharmacological and biological experiments 
requiring feeding silkworms. The establishment of 
such diet will help researchers around the world to 
prepare their own artificial diet in the laboratories 
and perform desired researches. This will expand the 
use of silkworms in research which is limited to the 
laboratories where rearing silkworms in artificial diets is 
a common practice.

2. Materials and Methods

2.1. Preparation of artificial diet

Artificial diets were prepared by mixing five different 
proportions of mulberry leaves powder (Healthy 
Company, Japan) and soybean flour, and agar (Nacalai, 
Japan) in 100 mL water (Figure 1A). They were 
autoclaved at 121℃ for 15 minutes, mixed and kept at 
4℃ for use. Ready to use artificial diet, Silkmate 2S 
diet, was purchased from Nosan Corporation, Japan.

2.2. Rearing of silkworms

Silkworms were reared according to previously 
described methods (8,10). Briefly, hatched larvae from 
silkworm eggs (Hu·Yo × Tukuba·Ne; Ehime Sanshu), 
were fed artificial diet, SilkMate 2S (Nihon Nosan Co., 
Ltd., Kanagawa, Japan) until 4th or 5th instar larvae as 
mentioned. Silkworms were maintained at 27℃ all the 
time.

2.3. Measurement of glucose level in silkworm 
hemolymph

The 4th instar larvae were fed Silkmate diet or MS-11 
diet until they become 5th instar larvae. The 5th instar 
larvae weighing between 0.9 to 1.1 g were starved 
overnight. Next day, the larvae were fed respective 
diets with or without 10% sucrose (w/w) (Fujifilm 
wako, Japan). Acarbose (80 mg/g, LKT laboratories 
Inc., USA), a known clinically used antidiabetic drug, 
was mixed with the 10% sucrose containing diets as a 
positive control. After 1 h of feeding, hemolymph was 
collected by cutting the abdominal prolegs, and glucose 
level was measured using a glucometer (Accu-Chek: 
Roche, Basel, Switzerland).

2.4. Determination of oral therapeutic activity of 
antibiotics

The 5th instar silkworm larvae were fed overnight 
with MS-11 diet. Staphylococcus aureus MSSA1 was 
grown in sheep blood agar plate at 37℃ overnight, 
inoculated in tryptic soy broth, and grown at 37℃ 
with shaking at 200 rpm for 18 hours. The full growth 
was 10-fold diluted with 0.9% saline, 50 µL of which 
was injected into the hemolymph of each silkworm 
larva. The infected larvae were fed with MS-11 diet 
containing various concentrations of chloramphenicol 
or tetracycline. The survival was observed and recorded 
for each dose when all the silkworms fed with no 
antibiotic diet died. ED50 values were calculated by 
logistic regression analysis using the logit link function.

3. Results

3.1. Growth of silkworms depends upon the component 
of artificial diet

We prepared five different artificial diets with varying 
proportions of mulberry leaves powder and soybean 
flour (Figure 1A). We fed 1 g of these diets to each of 
the 5th instar first day silkworm larvae and observed 
their growth. We found that the larvae preferred the 
diets containing mulberry leaves powder. Among the 
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Figure 1. Silkworm artificial diet and growth of silkworm larvae. (A) Composition of the artificial diets used in this study. Diets were prepared 
as mentioned in Materials and Methods section. (B) Growth of the artificial diet fed silkworm larvae. One gram of each diet was fed per larva per 
day and remaining diets were removed each day. Growth of each larva was recorded each day for 8 days and data is shown as mean ± SEM.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2020; 14(4):177-180. 179

silkworms. We counted the number of the survival 
of silkworms and calculated the ED50 values of the 
antibiotics. We found that the ED50 values of the 
antibiotics per oral route to be consistent with those 
previously obtained using the Silkmate diet (Table 1). 
These results suggest that MS-11 diet prepared in this 
study is available for determining therapeutic activities 
of orally effective antibiotics.

4. Discussion

Several studies have been performed to assess the 
components essential for the growth of silkworm and 
for optimum silk production by using artificial diet 
(19). Comparison between natural and artificial diets 
fed silkworms have also been done that analyzed 
gut microbiota (20) as well as proteomic (21) and 
metabolomic (22) profiles. Most of the studies on 
artificial diet have mainly focused on silk production, so 
far. In the recent scenario of growing interest of using 
silkworms as drug discovery models, artificial diet 
that is simple, can be widely used, and applicable for 
research purposes is desirable.
 Silkworms sense the odor of mulberry and are 
attracted by β-γ-hexenol and α-β-hexenal components 
in the mulberry (23), which is sensed by GR66 gene 
encoding a putative bitter gustatory receptor (24) that are 
responsible for the mulberry-specific feeding preference 
of the silkworms. As expected, we found that the larvae 
preferred diet that contained mulberry powder. Of note, 
the MS-11 diet is for research and not for silkworm 
rearing purpose. Silkworms can be reared in mulberry 
leaves and MS-11 diet can then be used for subsequent 
feeding experiments. MS-11 diet is simple with only 
two major ingredients and can be easily prepared in 
individual laboratories. Besides, this composition 
ensures that there is less interference of the diet 
components to the experiments. The diet is applicable to 
experiments that require feeding compounds/extracts to 
silkworms to assess various biological activities through 
oral route of administration. Here we showed two such 
examples; assessing blood glucose-lowering activity 
and oral antimicrobial activity of clinically used drugs. 
MS-11 diet can be utilized for other similar experiments 
including but not limited to assessing oral toxicity, 
bioavailability, absorption, digestion/metabolism of 
compounds, and effect of compounds including food 

five diets tested, the most weight gain was observed in 
silkworms fed with diet B and C, however, the growth 
of all the five diets fed silkworms was smaller than 
that of the commercially available diet F (Silkmate) 
fed silkworms (Figure 1B). Although the larvae grew 
normally until day 8, they could not form cocoon, 
suggesting that some essential components for cocoon 
formation are lacking on the diets.

3.2. Glucose lowering activity of an orally administered 
antidiabetic drug

We selected diet C (mulberry powder:soybean flour,1:1), 
named as MS-11, for further experiments. We used MS-
11 to check the hemolymph glucose level in silkworm by 
mixing 10% sucrose in the diet and compared with the 
Silkmate diet. We found that like Silkmate diet, MS-11 
diet containing 10% sucrose fed silkworm hemolymph 
showed higher glucose levels, which was lowered by a 
clinically used anti-diabetic drug acarbose (Figure 2). 
The overall high hemolymph glucose level in Silkmate 
diet-fed silkworms may be due to the sugar content in 
the diet itself. These results suggested that MS-11 diet 
containing 10% sucrose could be used for the glucose 
level lowering experiments and is suitable for screening 
for identification of blood-glucose-lowering agents.

3.3. Oral administration of antibiotics by using artificial 
diet in a silkworm infection model

To assess oral therapeutic effectiveness of antibiotics, 
we injected silkworms with a clinical isolate of 
methicillin-sensitive strain of S. aureus, MSSA1 into 
the hemolymph. We then mixed different concentrations 
of clinically used antibiotics chloramphenicol and 
tetracycline with MS-11 diet and fed the infected 

Table 1. Therapeutic activity of antibiotics by oral 
administration

Antibiotic

Chloramphenicol
Tetracycline

Silkmate diet*

40
  8

MS-11 diet

41
  9

*ED50 values were previously reported (3).

ED50 value (µg/g larva)

Figure 2. Hemolymph glucose level of silkworm larvae. Larvae 
were fed with 10% sucrose containing Silkmate or MS-11 diet with 
or without acarbose (80 mg/g). After one hour, glucose level in 
hemolymph was measured by a glucometer. Data is shown as mean  
± SEM and analyzed by one-way analysis of variance (AVOVA) with 
Dunnett's multiple comparison test compared with no sucrose diet, 
ns: not significant.
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products, probiotics in immunity, and application in 
food/nutrition science.
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The aim of this study was to identify novel long non-coding RNA (lncRNA) biomarkers associated 
with dilated cardiomyopathy (DCM) and reveal the potential molecular mechanisms of DCM 
development using bioinformatics approaches. The array data of GSE5406, including 108 DCM 
samples and 16 non-failing control samples, were obtained from the Gene Expression Omnibus 
database. The differentially expressed lncRNAs were identified using limma package in R. 
Pearson's correlation analyses were performed between the differentially expressed lncRNAs and 
protein-coding genes based on their expression levels. Pathway enrichment of these lncRNAs was 
conducted based on the significantly co-expressed genes. From the receiver operating characteristic 
(ROC) curve, the area under the ROC curve (AUC) value was obtained and used for evaluating 
discriminatory ability. IDI2-AS1 and XIST were differentially expressed in DCM patients. A total of 
510 co-expressed genes were identified. The enriched functions and pathways of the co-expressed 
genes mainly included NADH dehydrogenase activity, cardiac muscle contraction, and oxidative 
phosphorylation. The ROC curve analysis indicated that the two lncRNAs have favorable diagnostic 
values in DCM. The AUC values of XIST, IDI2-AS1, and the combination of XIST and IDI2-AS1 
were 0.733 (95% CI: 0.646-0.809), 0.796 (95% CI: 0.715-0.863), and 0.823 (95% CI: 0.745-0.886), 
respectively. This study identified IDI2-AS1 and XIST lncRNAs and related pathways involved in 
the pathogenesis of DCM, thus providing potential diagnostic and therapeutic targets for DCM.

1. Introduction

Dilated cardiomyopathy (DCM) is the most common 
type of cardiomyopathy worldwide, characterized 
by the primary presence of left ventricular (LV) 
dilation and reduced systolic function in the absence 
of abnormal loading conditions or coronary artery 
disease (1,2). DCM may result in progressive end-
stage heart failure and sudden cardiac arrest, which 
is closely associated with excessive morbidity and 
premature mortality (3). Despite the rapid advancement 
in therapeutic modalities, the 5-year mortality for DCM 
remains up to 20%, and most of them die from heart 
failure and ventricular arrhythmias (4). Moreover, 
patients with DCM are usually asymptomatic at the 
early stage, and the period of diagnosis and treatment 
may be considerably delayed (5). In the majority of 
cases of idiopathic DCM, the etiology remains still 
unknown.

 Recently, an increasing number of studies have 
confirmed that lncRNAs play important roles in the 
heart, including DCM-induced chronic heart failure 
initiation and progression at the posttranscriptional 
level (6). LncRNAs represent a cluster of RNAs that 
are >200 nucleotides in length without protein coding 
potential (7). LncRNAs can perform multiple biological 
functions, such as RNA processing, regulation of 
chromatin remodeling, marker of cell fate, and as a 
competing endogenous RNA (8-11). Previous studies 
have reported that lncRNAs play critical roles in the 
progression as well as diagnostic and therapeutic targets 
of cardiovascular diseases (12,13). Nevertheless, further 
studies required to explore the potential functions of 
lncRNAs in the development of DCM. In this study, 
we aimed to explore more lncRNAs involved in DCM. 
We screened differentially expressed lncRNAs based 
on GSE5406, followed by a series of bioinformatics 
analyses to identify key lncRNAs involved in DCM.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2020; 14(4):181-186.

2. Methods

2.1. Microarray gene expression

GSE5406 gene expression profile was obtained from 
Gene Expression Omnibus (http://www.ncbi.nlm.
nih.gov/geo) database, based on the platform of the 
PL96 Affymetrix Human Genome U133A expression 
beadchip. The dataset was an mRNA expression profile 
chip, which contained 16 non-failing control samples 
and 108 samples from DCM patients. The platform 
contains both mRNAs and lncRNAs; therefore, we 
obtained the lncRNA expression profile by repurposing 
the probes in the mRNA expression profiles to 
lncRNAs according to the annotation in the GENCODE 
version GRCh38 (http://www. gencodegenes.org). 
The probe without a gene symbol was removed. For 
different multiple probe sets mapping to the same 
mRNA or lncRNA, the mean value of different probes 
was selected as the final expression value.

2.2. Differentially expressed lncRNA identification

The LIMMA package (Linear Models for Microarray 
Data) in R software (version 3.5.1) with multiple testing 
corrections based on the Benjamini & Hochberg method 
was used to screen out the differentially expressed 
lncRNAs between DCM and control groups (14). 
Adjusted false discovery rate p values < 0.05, along 
with fold change ≥ 1.5, were used as the thresholds for 
difference analysis. Then, cluster analysis was carried 
out using the Pheatmap package in R to further analyze 
the differentially expressed lncRNAs.

2.3. LncRNA-related protein-coding gene identification 
and enrichment analysis

The Pearson's correlation coefficients between the 
differentially expressed lncRNAs and the protein-coding 
genes were calculated to determine co-expression 
relationships (15). The protein-coding genes positively 
or negatively correlated with the differentially expressed 
lncRNAs were considered as lncRNA-related protein-
coding genes (|Pearson's correlation coefficient| > 0.6 
and p-value < 0.001). Gene Ontology (GO) functional 
enrichment analysis and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment 
analysis were also conducted using the biological tool. 
The clusterProfiler package was used to explore the 
biological meaning and pathways behind numerous 
genes (16).

2.4. Diagnostic value of differentially expressed 
lncRNAs in DCM

To test the predictive value of the differentially 
expressed lncRNAs, we generated a receiver operating 

characteristic (ROC) curve using the lncRNA expression 
data from 108 DCM patients and 16 controls. The area 
under the ROC curve (AUC) value was utilized to 
determine the diagnostic effectiveness in discriminating 
patients with DCM patients from normal individuals.

3. Results

3.1. Identification of differentially expressed lncRNAs

According to the selection criteria, a total of 107 
lncRNAs were obtained, and two differentially 
expressed lncRNAs were identified between the DCM 
and control groups, including upregulated IDI2-AS1 
and downregulated XIST. As shown in the heat map 
(Figure 1), the differentially expressed lncRNAs were 
predominantly separated into two clusters. 

3.2. Functional enrichment analysis of pathways 
correlated with the identified lncRNAs in DCM 

We examined the expression correlation between 
identified lncRNAs and genes by calculating the 
Pearson's correlation coefficient through expression 
profiles in 108 patients with DCM. Co-expression 
between 510 genes and the two lncRNAs (Pearson's 
correlation coefficient > 0.6 and p-value < 0.001) was 
found. The highest Pearson's correlation coefficient of 
determination between two lncRNAs and mRNA matrix 
is shown in Figure 2. We performed GO and KEGG 
enrichment analyses to uncover specific functional 
categories of the co-expressed genes. As a result, 510 co-
expressed genes clustered most significantly in NADH 
dehydrogenase activity, cytochrome-c oxidase activity, 
cofactor binding, and oxidoreductase activity (Figure 
3A). KEGG pathway enrichment showed that genes 
were mainly involved in oxidative phosphorylation and 
cardiac muscle contraction (Figure 3B). 
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Figure 1. Heatmap results of differentially expressed long non-
coding RNAs.
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Figure 2. The highest Pearson's correlation coefficient of determination between two long non-coding RNAs and the mRNA matrix.

Figure 3. Enriched gene ontology (A) and Kyoto encyclopedia of genes and genomes (B) pathway analysis of co-expressed genes related to 
IDI2-AS1 and XIST.
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3.3. Diagnostic significance of differentially expressed 
lncRNAs

To explore the diagnostic significance of differentially 
expressed lncRNAs, ROC curves were generated. As 
shown in Figure 4, the diagnostic effectiveness of two 
lncRNAs in discriminating DCM from non-failing 
control ones revealed a favorable diagnostic value 
with an AUC of 0.733 (95% CI: 0.646-0.809) in XIST 
(Figure 4A) and AUC of 0.796 (95% CI:0.715-0.863) 
in IDI2-AS1 (Figure 4B). Moreover, when XIST and 
IDI2-AS1 were combined, the ROC curve yielded an 
AUC of 0.823 (95% CI: 0.745-0.886, Figure 4C).

4. Discussion

DCM is the third most common cause of congestive 
heart failure and sudden cardiac arrest (17). Previous 
studies have revealed that lncRNAs play important 
roles in cardiac development and participate in cardiac 
homeostasis and regeneration as epigenetic regulators 
of heart gene expression (18,19). Recently, increasing 
attention has been paid to improving the treatment of 
DCM. However, there remains a long road to better 
understand of the underlying mechanism. In this study, 
dysregulated lncRNAs between patients with DCM and 
non-failing controls were analyzed by RNA sequencing. 
In total, a differentially expressed lncRNA steadily 
upregulated and another steadily downregulated. In 
particular, based on the lncRNA-related protein-coding 
genes, the following functional enrichment analysis 
indicated that lncRNA-related co-expressed mRNAs 
were mainly enriched in NADH activity, cytochrome 
c oxidase activity, and oxidoreductase activity. KEGG 
pathway enrichment showed that these genes were 
mainly involved in oxidative phosphorylation and 
cardiac muscle contraction. 
 In recent years, several studies have explored 
the functions and clinical significance of lncRNAs 
in HCM (20,21). A recent study investigated 14 
lncRNAs deregulated in patients with non-end-stage 

dilated hypokinetic ischemic cardiomyopathy, such 
as CDKN2B-AS1, EGOT, and H19 (22). A whole-
transcriptome analysis of heart biopsy specimens from 
patients with DCM and healthy heart donors confirmed 
that myocardial infarction associated transcript was 
highly expressed in patients with DCM (23). To date, 
many lncRNAs have been revealed to be associated 
with myocardial pathophysiology, and research on the 
biological function and mechanism of lncRNAs has 
only begun and remained unclear (24,25). LncRNA X 
inactive-specific transcript (XIST) is indispensable for 
transcriptional silencing of the X chromosome in female 
mammals, which play vital role in the inactivation of 
the X chromosome (26). It has been widely used as an 
oncogene or a tumor suppressor in many malignancies 
(27). XIST has also been demonstrated to be remarkably 
upregulated in the hypertrophic hearts of mice induced 
by transaortic constriction and phenylephrine-treated 
rat cardiomyocytes (28). Furthermore, it was shown 
that XIST could inhibit myocardial cell proliferation 
and promote apoptosis. It was also reported that XIST 
contributed to tumor proliferation and suppressed tumor 
apoptosis in lung cancer and hepatocellular carcinoma 
(29,30). All these findings help to explain the potential 
contribution of XIST to DCM. As for isopentenyl-
diphosphate delta isomerase 2 antisense RNA 1 (IDI2-
AS1), its function in DCM has not been reported in 
the literature. Overexpression of IDI2-AS1 sensitized 
human cells to cell death in response to various stresses, 
such as ultraviolet irradiation, cycloheximide, hydrogen 
peroxide, and mercury II chloride (31). Therefore, its 
function should be explored in more studies. 
 Systol ic  dysfunct ion is  the  f i rs t  ha l lmark 
pathophysiologic sign of DCM (32). In the normal heart, 
contraction is synchronous within the myocardium, 
with a normal symmetric distribution of negative strain 
across the wall. Conversely, in the heart with DCM, the 
contraction pattern is obviously dyssynchronous (33). 
Therefore, heart contraction may be a vital indicator of 
DCM. In heart failure, deterioration of cytosolic Ca2+ 

and Na+ handling hinders mitochondrial Ca2+ uptake 

Figure 4. Diagnostic values of XIST (A), IDI2-AS1 (B), and IDI2-AS1 combined XIST (C) in discriminating dilated cardiomyopathy 
samples from non-failing control samples.
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and the subsequent Krebs cycle-induced regeneration 
of the decreased forms of NADH and NADPH, leading 
to energetic deficit and oxidative stress (34). These 
results were consistent with the enrichment analysis 
that lncRNAs were mainly enriched in NADH and 
oxidoreductase activity and cardiac muscle contraction. 
This finding was confirmed by the fact that reduced 
sarcomere contractility can increase ventricular 
volumes to maintain cardiac output through the Frank-
Starling mechanism, generating a thin-walled LV 
appearance that is discovered in DCM (35). DCM is 
usually diagnosed at ages between 30 and 40 years of 
age. However, owing to the vague symptoms and delay 
in diagnosis, the outcome for DCM is poor (36). DCM 
accounts for about one-third of heart failure patients. A 
recent study reported that lncRNAs ENST00000532365 
and ENST00000507296 could serve as biomarkers for 
the diagnosis of DCM-related heart failure (36). In the 
present study, we found that XIST presented an AUC 
of 0.733, and IDI2-AS1 exhibited an AUC of 0.796. 
Moreover, when the two lncRNAs were combined, the 
ROC curve yielded an AUC of 0.823 with a sensitivity 
of 86.11% and specificity of 75.00%. Therefore, based 
on these results, XIST combined with IDI2-AS1 can 
be used as a novel diagnostic biomarker in DCM. 
However, the present study has some limitations. First, 
the sample size was relatively small. In addition, this 
study was performed based on bioinformatic methods, 
and the findings should be confirmed by experimental 
validation.
 In summary, the present study identified IDI2-
AS1 and XIST and related pathways that can help us 
understand the molecular mechanisms underlying the 
pathogenesis of DCM. XIST combined with IDI2-AS1 
may be a novel promising novel biomarker for DCM 
diagnosis.

Data availability

The data that support the findings of this study are 
available from the Gene Expression Omnibus (GEO, 
https://www.ncbi.nlm.nih.gov/geo/), accession number 
GSE5406.
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The incidence rate of thyroid carcinoma, especially papillary thyroid carcinoma (PTC), has 
increased significantly over time. As a primary pathway for metastasis, the lymphatic system is an 
important prognostic factor for PTC patients. Although the metabolic changes in PTC patients have 
been investigated in extensive studies, few studies focused on the whole blood metabolic profiling 
of PTC patients. In this study, we investigated the 1H NMR-based metabolic profiles of whole blood 
samples that were obtained from healthy individuals and PTC patients, with or without lymph node 
metastasis. The estimation of the predictive potential of metabolites was evaluated using multivariate 
statistical analyses, which revealed that the whole blood carries information that is sufficient for 
distinguishing between PTC patients and healthy individuals. However, PTC patients were not well 
classified as positive or negative according to the lymph nodes. We did not find a metabolite that 
could discriminate the presence of lymph node metastasis. Further studies with larger sample sizes 
are needed to elucidate significant metabolites to indicate the presence of lymph node metastasis in 
patients with PTC.

1. Introduction

Papillary thyroid carcinoma (PTC) is the most common 
type of thyroid cancer, representing 75-85% of all thyroid 
cancer cases (1). Surgery is the elective treatment for 
papillary thyroid carcinoma. Preoperative distinction 
between benign and malignant conditions is crucial to 
avoid overtreatment of patients and morbidity linked 
with an inappropriate surgery (2,3). Clinical research 
in thyroid pathology is focusing on the development 
of new diagnostic tools to improve the stratification of 
nodules that have biological, practical, and economic 
consequences on the management of patients. Ultrasound 
plays an increasingly important role in the diagnosis 
of the thyroid nodule, and the ultrasound-guided fine-
needle aspiration biopsy (FNAB) has become the gold 
standard for preoperative judgment in thyroid carcinoma 
patients (4,5).
 As an invasive diagnostic method, FNAB presents a 
certain risk of bleeding and a low possibility of needle 
tract metastasis. Patients receiving FNAB often require 

surgery as soon as possible due to the risk of nodule 
enlargement or change in nodule nature. Therefore, 
the development of new diagnostic methods that could 
provide useful clinical information for the non-invasive 
diagnosis of the nature of thyroid nodules and lymph 
nodes is particularly important (6). We hope that this 
approach will decrease unnecessary repeated biopsies 
and surgical procedures.
 Metabolomics is the systematic study of small 
molecular metabolites in cells, tissues, biofluids or cell 
culture medias, and provides tangible results regarding 
cellular processes or responses to environmental 
stresses (7). In general, cancer cells have an impaired 
energy metabolism, and metabolic intermediates 
typically accumulate in tumors (8). Metabolomics is 
now recognized as a powerful technique for identifying 
biomarkers and altering the metabolic pathways in 
cancer, including nucleotide synthesis, glycolysis, 
phospholipid and fatty acid metabolism, and amino acid 
metabolism (9,10). Metabolomics has been increasingly 
used to identify biomarkers for early diagnosis and 
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understanding the potential mechanisms of various 
cancers (11). In human studies, blood samples are used 
to capture a physiological average of the host's metabolic 
status and serum is routinely collected, which makes 
it a frequent and convenient sample for metabolomics 
studies.
 However, the analysis of the serum metabolome does 
not consider the contribution of erythrocytes (12,13). 
Compelling evidence suggests a significant value of 
erythrocytes for metabolite profiling of whole blood in 
investigations of human health and diseases (13-16). 
The major advantage of whole blood analysis is that it 
provides access to both the plasma, serum, and red blood 
cell metabolome in one step and eliminates many of the 
pre-analytical processing problems with little additional 
effort compared to the traditionally used serum or plasma 
analysis (12,17). Thus, whole blood metabolomics offers 
an added opportunity to gain insights into additional 
metabolites and metabolic pathways.
 In the present study, we investigated and compared 
the metabolomics characteristics of the whole blood from 
PTC patients and healthy controls using an untargeted 
metabolomics approach based on 1H NMR, coupled 
with multivariate statistical analyses. The metabolic 
differences according to the presence or absence of 
lymph node metastasis (LN) in patients with PTC were 
also investigated in our study, in the search for a potential 
novel prognostic biomarker.

2. Materials and Methods

2.1. Chemical Regents

Deuterium water (D2O, 99.8%) was purchased from 
Tenglong Weibo Technology Co., Ltd. (Qingdao, 
China). High-performance liquid chromatography 
(HPLC) grade methanol, and 3-(trimethylsilyl)-1-
propanesulfonic acid-d6 sodium salt (DSS-d6) was 
purchased from Sigma-Aldrich (St. Louis, MO, USA). 
All other chemical reagents were analytical grade.

2.2. Clinical samples and processing of whole blood

We collected whole blood samples from patients who 
underwent thyroid surgery (n = 80) from the department 
of breast and thyroid surgery between January 2017 
and October 2018, with prior ethical approval by the 
Institutional Ethics Committee, Shandong Provincial 
Hospital. The whole blood samples were collected 
from age matched healthy volunteers (n = 47). All 
patients signed informed consent before participating 
in the study. The patients enrolled in this study did not 
receive any chemotherapy or radiation therapy before 
surgical treatment. The clinical details and pathological 
features of all study subjects are listed in Table 1. All 
samples were collected in EDTA-coated whole blood 
collection vials. Following collection, samples were 

placed in an ice-water bath. 1 ml aliquots of blood 
were placed in cryogenic tubes and immediately flash 
frozen in liquid nitrogen before being stored at 80ºC. 
Whole blood samples were stored at 80ºC until further 
experimentation.

2.3. Sample processing for NMR spectroscopy

The reagents were kept ice-cold before use. To extract 
the metabolites, 400 μL of whole blood was mixed 
with cold methanol in a 1:2 sample/methanol (v/v) 
ratio. All sample solutions were then vortexed for 30 
s, and sonicated for 2 min at 4°C. The mixtures were 
centrifuged at 14,600 rpm for 20 min to pellet the 
proteins and cell debris (12). The clear aqueous solutions 
were transferred to fresh vials and evaporated to dryness 
at 45°C in a speedvac concentrator (SPD2010 Integrated 
SpeedVac, ThermoFisher Scientific, USA). The dried 
samples were mixed with 600 μL phosphate buffer 
containing 0.5 mM DSS-d6, and the pH was adjusted to 
7.0 with NaOH and/or HCl. Then, we spun the samples 
to sediment any residue, and the supernatants were 
transferred to 5 mm NMR tubes for analysis.

2.4. NMR experiments

All one-dimensional 1H NMR spectra were acquired 
using a Bruker Avance III 600 MHz NMR spectrometer 
(Bruker GmbH, Rheinstetten, Germany) operating at 
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Table 1. The clinical information and pathological features 
of all patients

Age (years, range)
   ≥ 45
   < 45
Sex
   Male
   Female
TNM stage
   Ⅰ
   Ⅱ
   Ⅲ
   Ⅳ
Primary tumor numbers
   1
   > 1
Primary tumor numbers 
(tumor size ≤ 10mm)
   1
   ≥ 1
Primary tumor size 
(mm)
   ≤ 10
   > 10
Primary tumor 
localization
   One side
   Both side

All Patients

41
39

27
53

27
  9
25
19

61
19

35
13

32
48

69
11

LN metastasis

19
25

24
20

  0
  0
25
19

30
14

13
  8

20
24

35
  9

No LN 
metastasis

22
14

  3
33

27
  9
  0
  0

31
  5

22
  5

12
24

34
  2
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the parameters of interpretability and the predictability 
of the model, respectively, which were used to evaluate 
the quality of the model. To identify the significant 
spectral peaks, variable importance in the projection 
(VIP) of > 1 was considered as a criterion for differences 
between different groupings, which was analyzed 
and taken as a coefficient from the OPLS model. The 
identified metabolites were chosen as discriminating 
ones, which met the conditions of VIP > 1. We 
generated an S-plots graph, and the variables of the 
two diagonals of the S-shape were considered as 
differential metabolites. According to the histogram of 
the VIP values and S-plots graph to preliminary screen 
differential metabolites, we used the MetaboAnalyst 
database to judge the types of metabolites and predict 
the metabolic pathways and intermediate metabolites in 
the metabolic pathways (18-20).

3. Results

3.1. 1H NMR metabolic profiles of whole blood samples

For the 1H NMR spectra of whole blood, the CPMG 
pulse sequence was used to suppress the resonances 
from macromolecules, such as proteins and lipoproteins. 
Typical 1H NMR spectra of whole blood samples are 
shown in Figure 1. The ppm scale was expanded to 
focus on the range of 0.8-9.0 ppm. The resonances 
attributed to a series of endogenous compounds were 
identified according to the literature and some public 
databases (HMDB and BMRB). These peaks were 
further assigned as lactate, lysine, acetic acid, arginine, 
glutamic acid, methionine, proline, 3-hydroxybutyric 
acid, aspartate, tyrosine, 1-methylhistidine, creatine, 
D-glucose, acetoacetate, L-threonine, L-ornithine, 
isopropyl alcohol, L-histidine, L-phenylalanine, 
hypoxanthine, and formate.

3.2. Multivariate statistical analysis

To perform a comprehensive comparison of the 
metabolic profiles among the groups, we employed PCA 
and O2PLS-DA with the first two principal components 
(Figure 2). The PCA scores plot showed that the PTC 
groups (LN-negative and LN-positive) and the normal 
group samples were scattered into different regions, 
whereas overlaps between the LN-negative and LN-
positive subjects were also observed in the PCA score 
plots. The majority of the samples were in the 95% 
confidence interval. Therefore, all the samples were 
used in the following analysis to ensure the maximum 
information.
 To further identify the metabolic characteristics 
of the patients, pairwise OPLS-DA was performed. 
Obvious separations between the normal group and 
PTC group, the normal group and LN-negative group, 
the normal group and LN-positive group, and the 

a proton frequency of 600.1 MHz, equipped with a 
cryoprobe at 298 K. The 1H NMR experiments were 
performed using the Carr-Purcell-Meiboom-Gill 
(CPMG) pulse sequence with water pre-saturation to 
remove broad signals of molecules. The CPMG spectra 
were recorded with 64,000 time domain data points, 
a 20.0 ppm spectral width, 32 scans, and a relaxation 
delay of 5 s. All data were manually phased, and 
baseline corrected. All resonances of the metabolites 
present in 1H NMR were confirmed by referring to the 
Biological Magnetic Resonance Bank (BMRB), Human 
Metabolome Database (HMDB), published research 
articles, and by comparing with standard data.

2.5. Data processing and analysis

The data were preprocessed with MestReNova 12.0 
(Mestrelab Research SL, Santiago de Compostela, 
Spain), and manual phasing adjustment of the raw NMR 
data (FID), and the post-processing consisted of Fourier 
transformation, phasing and baseline correction, cutting 
off the solvent peak (water peak, 4.75-4.91 ppm), 
and normalization. We then performed the piecewise 
binning; the spectral region from 1.1 to 9.00 ppm was 
segmented into 148 intervals with an equal width of 
0.05 ppm. The data were exported, converted to Excel 
format, examined, and removed from the solvent peak 
section.
 The normalized NMR data in Excel format were 
imported into statistical software SIMCA-P (Version 
14.0; Umetrics AB, Umea, Sweden) for multivariate 
statistical analysis, including principal component 
analysis (PCA), partial least squares discriminant 
analysis (PLS-DA), and orthogonal projection to latent 
structure (OPLS) analysis. PCA was first performed to 
determine possible outliers. The model type selected 
was PCA-X. We used the scale selected Par data 
processing mode, completed automatic fitting, and 
examined the abnormal points. Generally, two times 
the red line value was used as the abnormal point 
standard. If there were abnormal points, we deleted the 
corresponding data in the comprehensive analysis and 
checked the fit again. After no outlier points remained, 
the model type selected PLS-DA to build the PLS-DA 
model, and the order of the samples in the dataset was 
randomized. The discriminant version of the partial 
least squares regression (PLS-DA) with a default k-fold 
cross validation procedure was used to determine the 
differences between the groups.
 Perturbation testing of the model: The PLS-DA was 
cross-validated by a permutation analysis (200 times). 
All points should be at the right of the highest point, 
with the data separated between groups and clustered 
within groups. We calculated the R2 and Q2 values.
 The OPLS model was built following the same 
procedure to obtain good separation between different 
groups. The R2 and Q2 obtained after fitting indicated 
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LN-negative group and LN-positive (Figure 3) group 
were observed. A separation between the normal group 
and the PTC was shown in Figure 3A. The model 
parameters (R2 = 0.954, Q2 = 0.914) demonstrated a 
good quality of the obtained OPLS model. In the S-plot 
(Figure 3E), the variables far away from the center of 
the plot were assumed to have a greater contribution 
to the model separation. Whole blood metabolite 
expression patterns were observed in PTC patients and 
healthy controls, respectively. The pairwise PLS-DA 
between PTC patients and healthy controls revealed a 
clear separation with R2Y (cum) = 0.77, Q2 (cum) = 0.61 
and R2Y (cum) = 0.75, Q2 (cum) = 0.61, respectively 
(Figure 3).
 To identify the significantly distinguishing 
metabolites in discriminating between LN-negative 
and LN-positive PTC patients, further multivariate 
statistical analysis was performed. OPLS-DA was 

performed to separate the patients into two groups for 
each comparison. To the best of our knowledge, this is 
the first study to characterize the whole blood metabolic 
profile of PTC with or without LN, which is useful for 
identifying potential biomarkers and understanding the 
underlying molecular mechanism. However, the OPLS-
DA score plots did not separate the two groups clearly 
for all three comparisons. When the patients were 
classified into LN-negative and LN-positive, the OPLS-
DA score plot exhibited nonseparation between the two 
groups (Figure 3D).
 We first identified 48 metabolites according to 
their corresponding chemical shift and multiplicity. 
The altered metabolite level in the whole blood of 
PTC patients and healthy controls was characterized. 
Based on the statistical analysis of the results (p < 
0.05 and VIP > 1), 20 metabolites were identified as 
potential biomarkers for PTC and the color change for 

Figure 1. Representative whole blood 600 MHz 1H NMR spectra.

Figure 2. Metabolic profiling between the LN-negative PTC group, LN-positive PTC group and normal controls. A, principal component 
analysis (PCA) scores plot and B, O2PLS-DA scores plot.
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the key metabolites according to the VIP-parameter 
is shown in Figure 3E and Table 2. We also evaluated 
the significance of the altered metabolites level in the 
LN-negative and LN-positive groups as compared to 
healthy subjects (Table 2). Compared to the normal 
controls, the concentrations of tyrosine, lactate, lysine, 
acetic acid, arginine, glutamic acid, methionine, 
hydroxybutyric acid, aspartate, tyrosine, acetoacetate, 
threonine, histidine, hypoxanthine, and formate 
decreased in PTC patients, whereas the concentrations 
of isobutyric acid, proline, 1-methylhistidine, creatine, 
glucose, ornithine, and isopropyl alcohol increased.
 To evaluate the performance of each altered 

metabolite in distinguishing PTC from healthy subjects; 
we analyzed the diagnostic accuracy through receiver 
operating characteristic (ROC) curves analysis. The 
diagnostic accuracy in the form of the area under the 
ROC curve (AUC) was evaluated in the datasets of 
healthy vs. PTC, healthy vs. LN-negative, and healthy 
vs. LN-positive patients (Table 3). The metabolites 
were also used to construct an independent model, and 
we found that isobutyric acid, lactate, lysine, arginine, 
glutamic acid, methionine, proline, aspartate, tyrosine, 
creatine, glucose, threonine, ornithine, isopropyl 
alcohol, and formate performed with good diagnostic 
potential with AUC scores of more than 0.9 in all 

Figure 3. Metabolic profiling between the PTC and normal controls. A, B, C, and D are the orthogonal projection to latent structure 
discriminant analysis (OPLS-DA) scores plots between the PTC and normal controls, LN-negative and normal controls, LN-positive and normal 
controls, and LN-negative and LN-positive. E, F, G, and H are S-plots of the OPLS-DA model of the PTC and normal controls, LN-negative and 
normal controls, LN-positive and normal controls, and LN-negative and LN-positive, the variables that lie far away from the center of the plot 
were assumed to have a greater contribution to the model classification. I, J, K, and M are validation plots of the OPLS-DA model of the PTC 
and normal controls, LN-negative and normal controls, LN-positive and normal controls, and LN-negative and LN-positive using a permutation 
test that was randomly permuted 200 times. The explained variance (R2X) and predictivity (Q2Y) of the constructed model are indicated on the 
far right and remain higher than those of the 200 permuted models to the left.
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PTC patients compared with the healthy subjects. To 
clearly demonstrate these differences, scatter plots 
were constructed to illustrate the relative concentration 
(Figure 4). In the LN-negative and LN-positive 
subjects, the significance of all these metabolites were 
similarly found in PTC patients.

3.3. Metabolic pathway analysis

A pathway analysis provides useful information about 
the biological roles of metabolites, which can further 
provide insights into the pathogenesis and mechanisms 
of a specific disease. To further explore the metabolic 

Table 2. The differential metabolites among all papillary thyroid carcinoma (PTC) patients, LN-positive PTC patients, 
LN-negative PTC patients, and normal controls

Metabolites

Lactate
L-Lysine
Acetic acid
L-Arginine
L-Glutamic acid
Methionine
L-Proline
3-Hydroxybutyric acid
Aspartate
Tyrosine
1-Methylhistidine
Creatine
D-Glucose
L-Threonine
L-Ornithine
Isopropyl alcohol
L-Histidine
L-Phenylalanine
Hypoxanthine
Formate

Chemical shifta

(ppm, multiplicity)

 1.32 (d)
3.03 (t)
 3.11 (d)
3.25 (t)
 3.76 (q)
 3.38 (s)

  4.10 (m)
 1.22 (d)
 3.90 (q)
  4.42 (m)
  3.98 (m)
 3.93 (s)

  3.72 (m)
 1.30 (d)
3.81 (t)
 1.17 (d)
 7.09 (d)
 7.44 (d)
 8.23 (s)
 8.45 (s)

aMultiplicity: s singlet, d doublet, t triplet, q quartet, m multiplet. bVariable importance in the projection was obtained from OPLS model. cp-value 
obtained from Student's t-test. dFold change (FC) was calculated as a binary logarithm of the average mass response (normalized peak area) ratio 
between PTC versus normal controls, LN-positive versus normal controls or between LN-negative versus normal controls.

PTC vs. Normal

VIPb

  1.141
2.0087
1.3528

  1.602
1.8954
2.0955
1.0941
1.2645
2.0767
2.0821
1.1721
1.4811
2.0161
1.6894
1.5034
1.1943
1.5729
1.1865

  0.94239
2.0866

Pc

9.45E-08
9.50E-04
3.29E-03
1.12E-02
2.62E-25
3.07E-36
3.59E-07
1.84E-09
6.34E-35
2.70E-35
3.72E-08
2.98E-13
3.56E-31
3.08E-18
1.04E-13
1.87E-08
2.99E-15
2.39E-08
1.59E-05
1.32E-35

FCd

27.187
0.011598
0.40239
0.25497
0.19049
0.051506
9.7312
0.2245

0.091451
0.0077964

3.7893
2.5773
3.6886
0.38636
2.8769
3.2248
0.22942
0.30858
164.71

0.043805

LN-positive vs. Normal

VIPb

1.0958
1.8146
1.1992
1.5119
1.7676
1.9201
1.1348

  1.154
1.9829
1.8898
1.1772
1.5453
1.9788
1.7044
1.3843

  1.308
1.5081
1.0246
1.0839
1.9294

Pc

6.54E-06
5.45E-19
5.46E-07
1.81E-11
1.79E-17
3.33E-23
2.67E-06
1.69E-06
1.67E-26
7.46E-22
9.55E-07
4.28E-12
2.92E-26
1.11E-15
2.25E-09
2.60E-08
2.12E-11
2.96E-05
8.51E-06
1.21E-23

FCd

26.416
0.014733
0.43641
0.23638
0.2036

0.061593
10.215
0.22264
0.05952

0.0063454
3.5902
2.5713
3.8243
0.38161
2.7964
2.5971
0.2296
0.38102
163.11

0.032461

LN-negative vs. Normal

VIPb

1.4698
1.7784
1.3331
1.4474
1.7881
1.9079
1.2316
1.1268
1.8387

  1.837
1.3416
1.5156
1.9263
1.5688
1.3898
1.3666
1.5272
1.5358
1.0141
1.8646

Pc

6.48E-10
1.52E-16
5.40E-08
1.43E-09
7.82E-17
3.37E-21
8.19E-07
9.15E-06
1.74E-18
1.99E-18
4.21E-08
1.16E-10
4.92E-22
1.30E-11
9.70E-09
1.99E-08
7.33E-11
5.17E-11
8.43E-05
1.96E-19

FCd

28.14
0.0077247
0.36032
0.27797
0.17427
0.039035
9.1315
0.2268
0.13094

0.0095911
4.0355
2.5848
3.5207
0.39223
2.9764
4.0013
0.2292
0.219
166.52

0.057839

Table 3. The details of the ROC curves of all significantly altered metabolites in different groups

Metabolites

Lactate
L-Lysine
Acetic acid
L-Arginine
L-Glutamic acid
Methionine
L-Proline
3-Hydroxybutyric acid
Aspartate
Tyrosine
1-Methylhistidine
Creatine
D-Glucose
L-Threonine
L-Ornithine
Isopropyl alcohol
L-Histidine
L-Phenylalanine
Hypoxanthine
Formate

PTC vs. Normal

AUC

0.980 
0.982 
0.844 
0.954 
0.964 
0.974 
0.921 
0.869 
0.961 
0.973 
0.875 
0.904 
0.986 
0.938 
0.940 
0.935 
0.895 
0.889 
0.680 
0.980 

   95% CI

0.937-1.0
    0.953-0.999
    0.823-0.941
    0.893-0.991
    0.919-0.996

0.918-1.0
    0.841-0.978
    0.787-0.924
    0.913-0.996

  0.93-1.0
    0.798-0.942
    0.839-0.958

0.966-1.0
    0.868-0.988
    0.857-0.993
    0.853-0.984
    0.809-0.952
    0.823-0.941
  0.581-0.78
0.942-1.0

LN-negative vs. Normal

AUC

0.983 
0.985 
0.867 
0.951 
0.969 
0.976 
0.922 
0.876 
0.949 
0.970 
0.890 
0.911 
0.989 
0.925 
0.943 
0.945 
0.898 
0.926 
0.767 
0.975 

   95% CI 

0.939-1.0
0.958-1.0

    0.761-0.948
  0.887-0.99
0.923-1.0
0.925-1.0

    0.846-0.988
  0.795-0.95

    0.844-0.993
0.923-1.0

    0.794-0.959
    0.829-0.978

0.958-1.0
      0.83-0.988
    0.871-0.955
    0.872-0.997
    0.815-0.964
    0.864-0.987
    0.649-0.871

0.926-1.0

LN-positive vs. Normal

AUC

0.978 
0.979 
0.826 
0.957 
0.960 
0.972 
0.921 
0.862 
0.970 
0.975 
0.862 
0.899 
0.984 
0.949 
0.938 
0.926 
0.891 
0.858 
0.609 
0.984 

   95% CI

0.929-1.0
    0.945-0.999
    0.711-0.917
    0.901-0.995

0.908-1.0
0.913-1.0

    0.843-0.985
  0.784-0.94
0.921-1.0
0.937-1.0

    0.772-0.944
    0.813-0.979

0.955-1.0
      0.88-0.996
      0.85-0.996
    0.838-0.989
    0.806-0.954
    0.766-0.932
    0.488-0.733

0.956-1.0
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pathways that are involved in the regulation of PTC 
formation, the detected differential metabolites and 
their potential metabolic pathways were analyzed 
using KEGG graph software and the KEGG database. 
To explore metabolic pathway influences between 
the normal group and PTC group, pathway analysis 
performed by MetaboAnalyst 4.0, which combined 
results from powerful pathway enrichment analysis with 
the topology analysis.
 Metabolic pathway analysis revealed that over 31 
pathways were influenced (Table 4 and Figure 5). An 
impact value > 0.1 and a hit value > 2 were used as the 
threshold to identify the significantly altered metabolic 
pathways (21). Accordingly, seven potential target 
pathways were identified in whole blood samples, 
including arginine biosynthesis; histidine metabolism; 
arginine and proline metabolism; butanoate metabolism; 

Figure 4. Scatter plots illustrating discrimination among normal controls, LN-negative and LN-positive PTC patients. The Y axis represents 
the relative abundance of NMR signals (normalized to the total peaks). *p < 0.01 from the LN-positive PTC versus normal controls; #p < 0.01 from 
the LN-negative PTC versus normal controls.

Table 4. The results from pathway analysis using the software package KEGG graph

Pathway Name

Histidine metabolism
Arginine biosynthesis
Phenylalanine, tyrosine and tryptophan biosynthesis
Arginine and proline metabolism
Phenylalanine metabolism
Pyruvate metabolism
Alanine, aspartate and glutamate metabolism

Hits

4
4
2
5
2
2
2

P

3.3309E-5
1.8628E-5
9.3496E-4
8.0243E-5
0.006693
0.031315
0.048932

-log (p)

10.31
10.891
6.975
9.4304
5.0067
3.4637
3.0173

Holm p

0.0027313
0.0015461
0.074797
0.0064997
0.52875

1.0
1.0

FDR

9.3265E-4
7.8236E-4
0.015707
0.0016851
0.086182
0.23913
0.31618

Impact

0.22131
0.2538

1.0
0.34441
0.35714
0.14463
0.42068

Figure 5. The impact of metabolic pathways in PTC. 1, Histidine 
metabolism; 2, Arginine biosynthesis; 3, Phenylalanine, tyrosine 
and tryptophan biosynthesis; 4, Arginine and proline metabolism; 
5, Phenylalanine metabolism; 6, Pyruvate metabolism; 7, Alanine, 
aspartate and glutamate metabolism. The size and color of each circle 
is based on the pathway impact value and the p-value, respectively.
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phenylalanine, tyrosine and tryptophan biosynthesis; 
the synthesis and degradation of ketone bodies, 
phenylalanine metabolism; alanine, aspartate and 
glutamate metabolism; and tyrosine metabolism. The 
pathways details are displayed in Table 4.

4. Discussion

Currently, fine-needle aspiration (FNA) cytology has 
been used on a growing number of patients to determine 
the benign or malignant nature of their thyroid nodules 
and enlarged lymph nodes before surgery. The natures 
of some nodules and lymph nodes are indeterminate 
with FNAB alone. Once nodules and lymph nodes are 
identified as uncertain in nature, this will affect the most 
appropriate management strategy (22-24). After surgery, 
only approximately 80% of these thyroid nodules are 
malignant, which indicates that about 20% of patients 
with benign nodules were undergoing unnecessary 
thyroidectomy (25). The prediction of PTC, including 
the risk prediction of lymph node metastasis, is not 
only significant for guiding the indication of surgery to 
improve prognosis but also more significant for avoiding 
overtreatment and improving the quality of life.
 In the present study, we investigated and identified 
the metabolic characteristics of the whole blood 
samples from PTC patients and healthy controls using 
1H NMR-based metabolomics and multivariate pattern 
recognition analytical techniques for the first time. Our 
results revealed that the metabolic phenotype of PTC 
patients' blood was significantly different from that of 
healthy controls' blood. In detail, 20 metabolites were 
significantly altered in PTC patients compared with those 
in the healthy controls. The presence of LN in patients 
with PTC was also distinguished for the first time, 
where no clear associations was observed. Compared 
with the published reports of the metabolic profiling of 
PTC (26-29), we focused on the metabolite profiling of 
whole blood in investigations of human health and PTC 
patients. The identified metabolites may be the potential 
factors for the diagnosis and prognosis of PTC patients. 
They also were valuable in understanding the molecular 
mechanisms in the process of PTC.
 The identification of specific metabolites displaying 
altered levels of their associative metabolic pathways 
can improve the understanding of the biological and 
pathological aspects involved in the process from normal 
to an eventually cancerous state. Altered pathways 
include changes in arginine biosynthesis; histidine 
metabolism; arginine and proline metabolism; butanoate 
metabolism; phenylalanine, tyrosine and tryptophan 
biosynthesis; synthesis and degradation of ketone 
bodies, phenylalanine metabolism; alanine, aspartate and 
glutamate metabolism; and tyrosine metabolism.
 Growth of cancer cells is rapid and divided into short 
cycles, requiring a higher energy supply to complete 
more biosynthesis, which requires reprograming of 

biochemical pathways to alter the metabolism of the 
cells. These alterations include increased glucose and 
glutamine uptake, lactate production, and abnormal 
biosynthesis of nucleic acids, proteins, and lipids (30). 
Deja et al. found that metabolic differences not only 
between thyroid cancer and normal tissues but also 
between different types of thyroid lesions, reflected 
the sensitivity of the metabolomic fluctuations. They 
concluded that the metabolic changes in thyroid 
carcinoma are mainly related to osmotic regulators, 
citrate, and amino acids that provide produce the TCA 
cycle (31).
 In the present study, a decreased glucose level and 
increased lactate level in the LN-negative and LN-
positive PTC groups compared to those in the healthy 
control group indicated that the energy supply pattern 
shifted from aerobic to anaerobic metabolism (Figure 
4) (26,29). Creatine, phosphocreatine, and creatinine, 
through the creatine kinase reaction, played important 
roles in maintaining a constant ATP level (32). During 
arginine and proline metabolism, phosphocreatine and 
creatinine are the breakdown products of creatine, which 
reacts with ATP under the catalysis of creatine kinase 
(33).
 In our results, the increased level of creatine in the 
PTC group suggested a disruption of their conversion 
to ATP, which may then cause an ATP depletion, and 
consequently may block the supply of energy in PTC 
patients. Aspartate, asparagine, glutamine, and glutamate 
are all involved in the alanine, aspartate, and glutamate 
metabolism. The decreased levels of glutamate and 
aspartate in PTC patients suggested that the generation 
from glutamine to glutamate was obstructed. The 
decrease in glutamate led to the distribution of the TCA 
cycle and the formation of glutathione.
 The results of metabolomic studies are more 
contrasting regarding amino acids (34). Among the 
biomarkers identified, amino acids, such as glutamine, 
lysine, valine, and arginine were inversely associated 
with hepatocellular and prostate cancer risk in some 
prospective metabolomic studies (35-38). Li et al. 
analyzed normal thyroid and matched tumor tissues 
obtained from 16 patients and concluded that the 
metabolic components of PTC are characterized by 
increased glycolysis and inhibition of the tricarboxylic 
acid cycle, and an abnormal metabolism of carcinogenic 
amino acids, choline, and lipids (39).
 In a similar study, Miccoli et al. studied 72 patients 
who underwent total thyroidectomy. They found that the 
thyroid tumor sample spectra had higher levels of lactate 
and acetylcholine, and lower levels of lipids and alanine 
than the normal sample (40). Our study showed that 
amino acid differences were mainly reflected in tyrosine, 
lysine, arginine, glutamic acid, methionine, aspartate, 
tyrosine, threonine, ornithine, and histidine. Future 
studies should focus on amino acid metabolisms, and on 
elucidating the mechanisms underlying the process of 
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LN of PTC before the clinical application of the FNA.
 The prediction of PTC is not only significant for 
guiding the indication of surgery to improve prognosis 
but also for avoiding overtreatment and improving the 
quality of life. Metabolomics has the potential to change 
our existing understanding of the molecules involved 
in thyroid carcinoma, thus becoming a new diagnostic 
approach, providing metabonomic support for the 
preoperative evaluation of the nature of thyroid nodules, 
such as FNAB. Metabolomics can also improve our 
understanding of the process of cancer development and 
novel biomarkers. In the future, we hope to have more 
samples and more accurate metabonomic studies for the 
lymph node metastasis of papillary thyroid carcinoma, to 
realize the auxiliary judgment for the presence or absence 
of lymph node metastasis through the quantification of 
metabolites and metabolic pathways.
 In conclusion, we were able to distinguish PTC 
patients from healthy controls with a high level of 
accuracy based on principal component analysis and 
linear discriminant analysis of the 1H NMR metabolomic 
data obtained from whole blood samples. We first 
investigated the metabolic profiles between the LN-
negative and LN-positive cancer subjects. No metabolite 
was found that could discriminate the presence of LN 
metastasis. The metabolic information obtained by 
1H NMR might play a significant role in screening 
biomarkers and in the early diagnosis of PTC cancer. 
Further studies with larger sample sizes are needed to 
elucidate significant metabolites to indicate the presence 
of LN metastasis in patients with PTC.
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MicroRNA analysis of NCI-60 human cancer cells indicates that 
miR-720 and miR-887 are potential therapeutic biomarkers for 
breast cancer
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MicroRNAs (miRNAs) play a vital role in many biological processes, including cell growth, 
differentiation, apoptosis, development, differentiation, and carcinogenesis. Since miRNAs might 
play a part in cancer initiation and progression, they comprise an original class of promising 
diagnostic and prognostic molecular markers. In order to systematically understand the regulation 
of miRNA expression in cancers, the current study analyzed the miRNA expression profile in 
NCI-60 human cancer cell lines. Over 300 miRNAs exhibited unique expression profiles in cell 
lines derived from the same lineage. This study identified 9 lineage-specific miRNA expression 
patterns. Moreover, results indicated that miR-720 and miR-887 are expressed at relatively high 
levels in breast cancer cell lines compared to other types of cancer. Ultimately, matching NCI-
60 drug response data to miR-720 and miR-887 expression profiles revealed that several FDA-
approved drugs were inversely related to miR-720 and miR-887. Furthermore, the anti-cancer 
effect of perifosine was significantly enhanced by inhibiting miR-720 and decreased by miR-720 
precursor treatment in breast cancer cell lines. 5-Fu treatment was enhanced by inhibiting miR-887 
and decreased by miR-887 precursor treatment. The current results offer insight into the relationship 
between miRNA expression and their lineage types, and the approach used here represents a 
potential cancer therapy with the help of miRNAs.

1. Introduction

MicroRNAs (miRNAs) are small non-coding endogenous 
RNAs containing 20-25 nucleotides that regulate gene 
expression at the post-transcriptional level via sequence-
specific interactions with 3'-untranslatedregions (UTRs) 
in miRNAs and also via inhibition of translation or 
degradation of miRNAs (1-3). miRNAs play a significant 
role in crucial biological processes, such as cell 
proliferation, apoptosis, development, differentiation, 
and metabolism, and miRNAs are especially associated 
with carcinogenesis (4-8). Several studies have indicated 
that aberrantly expressed miRNAs might serve as 
oncogenes or tumor suppressor genes in cancers (9-12).
 NCI-60 from the Developmental Therapeutics 
Program (DTP) of NCI/NIH, which includes nine types 
of cancer lines (breast, central nervous system (CNS), 
colon, leukemia, melanoma, lung, ovarian, prostate, and 
renal) (13,14). Multiple high-throughput screening data is 
used in the NCI-60 cell line panel, including compound 
screening data (15,16), gene expression data (17-19), 

data on changes in the DNA copy number (20), protein 
analysis (21), DNA methylation (22), functional target 
analysis (23), and microRNA expression (19,24). This 
provides many opportunities at the molecular and genetic 
levels to identify specific pathways and mechanisms 
associated with cancer (21,25).
 Because miRNAs are involved in the pathogenesis of 
cancer, they may be potential molecular biomarkers (26-
28). miRNAs may help to classify cancers and predict 
their therapeutic response and also to identify novel 
targets (29-31). In silico models have provided a helpful 
tool for biomedical research (32,33). Here, data on 
miRNA expression by NCI-60 were used to determine 
the degree of miRNA enrichment in each pedigree, and 
9 specific patterns of miRNA expression were identified. 
Moreover, matching NCI-60 drug response data to 
miR-720 and miR-887 expression profiles revealed 
several FDA-approved drugs that were closely inversely 
correlated with miR-720 and miR-887. Interestingly, 
the anti-cancer effect of perifosine treatment was 
improved by inhibiting miR-720 and decreased by miR-
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720 precursor treatment in breast cancer cell lines. 
Inhibition of miR-887 can improve the anti-cancer 
effect of 5-Fu treatment, while inhibition of miR-887 
precursor treatment can reduce the anti-cancer effect 
of 5-Fu treatment, especially in breast cancer cell lines. 
The current results provide insight into the relationship 
between miRNA expression and their lineages, and the 
approach used here can identify candidates with which to 
investigate drug resistance and mechanisms of sensitivity 
in the future.

2. Materials and Methods

2.1. Data acquisition and analysis

The GSE26375 dataset of NCI-60 miRNA expression 
data was obtained from Gene Expression Omnibus 
(GEO, https://www.ncbi.nlm.nih.gov/geo/). NCI-60 drug 
response data were obtained from the NCI/NIH DTP 
program (www.dtp.nci.nih.gov). The dataset, published 
in July 2012, provides the GI50 values describing the 
sensitivity of NCI-60 DTP human tumor cell lines to 
50,839 compounds.
 In order to compare the level of miRNA expression 
in different cancer lineages, the data on NCI-60 miRNA 
expression were subjected to cell line enrichment 
analysis (CLEA) (34). The priority of cell lines with 
specific lineages was analyzed on a receiver operating 
characteristic curve (ROC plot). The area under the ROC 
curve (AUC) is used to measure the "overexpression" 
of a given lineage. The p-value was used to calculate 
significance assessed through 1,000 permutations. An 
AUC value of 50 represents random enrichment. In the 
analysis of drug response data and miRNA expression 
data, Pearson's correlation coefficient (PCC) and its 
p-value were calculated.

2.2. The Kaplan-Meier plotter survival analysis

Kaplan Meier plotter (http://kmplot.com/analysis/) 
was used to determine the recurrence-free survival 
rate (RFs), and the prognostic value of a high level of 
miRNA expression specifically in Brest cancer samples 
was also evaluated. The Kaplan–Meier survival curve 
was plotted, and the log-rank p value and hazard ratio 
(HR) with 95% confidence intervals were calculated 
and plotted in R using the Bio-conductor package.

2.3. Cell line culture

All cells were purchased from ATCC, and their identity 
was confirmed and they were tested for contamination 
prior to shipment. Cells (A549, H460, H322M, MCF-
7, T47-D and MDA-MB-231) were grown in RPMI 
medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) containing 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.) and 1% penicillin/

streptavidin (Gibco; Thermo Fisher Scientific, Inc.), 
and maintained at 37°C in a humidified atmosphere 
containing 5% CO2.

2.4. Quantitative real-time PCR (qPCR) analysis

In accordance with the manufacturer's instructions, 
RNA was isolated from tissues or cells using the 
mirVana miRNA Isolation Kit (Ambion; Thermo Fisher 
Scientific, Inc.). First-strand cDNA was synthesized 
using a PrimeScript 1st Strand cDNA Synthesis kit 
(Takara Biotechnology Co., Ltd., Dalian, Liaoning, 
China). The extraction concentration was determined 
with a NanoDrop spectrophotometer. The products 
were kept at –80˚C before further experiments. The 
cDNA was then amplified using the Power SYBR 
Green PCR Master Mix (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) with the appropriate primers and 
an ABI 7500-fast thermocycler (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). U6 served as the internal 
control. Relative expression was measured using the 
2−∆∆CT method (35).

2.5. MTT assay

Cell proliferation was determined using an MTT assay. 
5-Fu and perifosine were purchased from Abmole 
(Abmole Bioscience Inc.; Houston, TX, USA). The 
miRNA precursor (has-miR-720 and has-miR-887), 
precursor-negative control, and miR-720 and miR-
887 inhibitors were purchased from Biomics (Biomics 
Biotech; Jiangsu, Nanjing, China). The cells were 
seeded on a 96-well plate at a density of 2 × 103 cells 
per well in triplicate. After culturing for 24 h, the cells 
transfected with a miRNA precursor or miR-720 and 
miR-887 inhibitor and then treated with or without 
perifosine and 5-Fu. Cells were incubated for another 
72 h and then their viability was measured using the 
MTT assay. Twenty µL of MTT (5 mg/mL) was added 
to the wells, and 4 h later the mixed medium was 
replaced with 150 µL of dimethyl sulfoxide (DMSO; 
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). 
Subsequently, the 96-well plate was stirred at room 
temperature for 15 min. Then, the OD value of each 
well was determined using a fluorescence microplate 
reader (Sunrise Remote; Tecan Austria GmbH, Grödig, 
Austria) at a wavelength of 490 nm. All experiments 
were performed in triplicate.

2.6. Software support

Hierarchical clustering of miRNA expression in NCI-60 
cancer cell lines or lineage types was performed using 
QCanvas for the best presentation (36). All images were 
formatted with Adobe Illustrator CS4 (Adobe Systems, 
Inc., San Jose, CA, USA). In order to determine 
significant differences between two groups, a Student's 
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breast cancer and melanoma (Figure 1A). To identify 
the expression patterns of lineage-specific miRNA, 
subsets of miRNAs were selected using CLEA analysis. 
The enrichment score (AUC value) in CLEA analysis 
was used to select lineage-specific miRNAs. An AUC 
value of 85 and a p-value of 0.01 were used as cutoff 
values to ensure that miRNAs had significant over-
expression for a particular lineage type while an 
AUC value of 15 and a p-value of 0.01 were used as 
cutoff values for significant under-expression. As a 
result, a total of 332 miRNAs were found to satisfy 
the aforementioned criteria. These selected miRNAs 
were clustered hierarchically to classify the 9 pedigrees 
(Figure 1B).

3.2. Breast-specific miRNAs

A total of 13 miRNAs exhibited a breast cancer-

t-test was performed to calculate the associated p-values. 
Statistical significance between multiple groups was 
evaluated using one-way analysis of variance (ANOVA) 
followed by a Newman-Keuls post hoc test using 
GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, 
CA, USA).

3. Results and Discussion

3.1. Clustering of NCI-60 cell lines based on miRNA 
expression

The NCI-60 miRNA expression profile consisted of 
> 1,000 miRNAs against 59 cancer cell lines. The 
unsupervised hierarchical clustering of the miRNA 
expression profile revealed that cell lines from the 
same lineage were generally located together, and this 
was especially true for CNS, renal, colon, ovarian, and 

Figure 1. Hierarchical clustering of miRNA expression. (A) Expression profile of total miRNAs across NCI-60 cancer cell lines. (B) 
Expression profile of lineage-specific miRNAs across 9 lineage categories. Red represents over-expression, and green represents a down-
expression.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2020; 14(4):197-203.200

specific pattern of expression (Table 1). miR-720 
and miR-887 were significantly over-expressed in 
breast cancer cell lines (Figures 2A and 2B). Several 
studies have found that miR-720 and miR-887 may 
be tumor suppressors in human cancers, such as renal 
cell carcinoma (37), cervical cancer (37), colon cancer 
(38), and breast cancer (39). To assess whether or not 
miR-720 and miR-887 are expressed at high levels in 
breast cancer, qPCR was used to detect miR-720 and 
miR-887 expression in 3 breast cancer cell lines and 
3 lung cancer cell lines. miR-720 and miR-887 were 
significantly up-regulated in breast cancer cells (Figures 
2C and 2D). Next, the prognostic value of miR-720 and 
miR-887 was assessed in breast cancer. High levels of 
miR-720 and miR-887 expression were correlated with 
a longer relapse-free survival (RFS) in all patients with 
breast cancer (HR = 1.3, p = 0.031 and HR = 1.29, p = 
0.02) (Figures 2E and 2F).

3.3. miRNAs and drug response

The NCI-60 drug response dataset includes FDA-
approved anticancer drugs. The expression profiles 
of miR-720 and miR-887 were compared to the drug 
response of the FDA-approved NCI-60 cancer cell line 
using PCC. The response to 6 drugs (chlorambucil, 
carmustine, perifosine, doxorubicin, plicamycin, and 
romidepsin) was inversely related to the expression 
of miR-720 (Figure 3A). The response to 4 drugs 
(chlorambucil, doxorubicin, 5-fluorouracil (5-Fu), and 
mitotane) was inversely related to the expression of 
miR-887 (Figure 3B). These findings may indicate that 
cell lines initially express high levels of miR-720 and 
miR-887 but that further treatment reduces those levels, 
indicating sensitivity to the drugs used. Perifosine is a 
third-generation oral alkyl phospholipid with antitumor 
activity (40-42). Perifosine has been found to be an 
effective and consistent Akt inhibitor in preclinical 
and clinical studies (42-45). In particular, perifosine 
has been found to be cytotoxic in mouse glioma, 
medulloblastoma, and neuroblastoma models (45). 5-Fu 
is one of the earliest and still most commonly used 

anticancer drugs (46,47). The current study verified that 
the anti-cancer effect of perifosine was significantly 
enhanced by inhibiting miR-720 (Figure 4A) and 
that the anti-cancer effect of 5-Fu was significantly 
enhanced by inhibiting miR-887 in breast cancer cells 
(Figure 4B). Therefore, miR-720 and miR-887, as 
suppressors of breast cancer, play an important role in 
the anti-tumor activity of chemotherapy drugs.

4. Conclusion

The biological characteristics of the NCI-60 cell lines 
are reflected in their miRNA landscape, as lineage-
specific miRNA features are retained across all cell 
lines. The current study identified a number of miRNAs 
in each histology that displayed a lineage-specific 
pattern. This study determined the correlation between 
miR-720 and miR-887 expression and sensitivity to 
FDA-approved drugs. This approach can help identify 
new chemicals and miRNA-based biomarkers for 
personalized drugs. The current results indicated that 
miR-720 and miR-887 were over-expressed in breast 

Table 1. List of miRNAs specific to breast cancer

Gene ID

17583
17873
27672
21511
17583
13148
10941
28520
11121
21704
27550
17900
17943

AUC

90
90

91.4815
90
90

88.5185
88.5185
87.7778
86.6667
85.9259
85.9259
85.5556
13.7037

Gene Symbol

hsa-miR-720
hsa-miR-887
hsa-miR-615-3p
hsa-miRPlus-E1013
hsa-miR-720
hsa-miR-195
hsa-miR-135a
hsa-miR-454*
hsa-miR-489
hsa-miRPlus-E1233
hsa-miR-572
hsa-miR-1307
hsa-miR-760

p-value

0.0013
0.0021
0.0013
0.0008
0.0013
0.0013
0.0016
0.0027
0.0027
0.0025
0.0041
0.0023
0.0015

Figure 2. miR-720 and miR-887 are expressed at high levels in 
breast cancer cells. (A) miR-720 and (B) miR-887 are expressed at 
significantly high levels in breast cancer cell lines compared to other 
NCI-60 cancer cell lines. qPCR analysis of levels of (C) miR-720 and 
(D) miR-887 expression in lung cancer cells and breast cancer cells. 
The prognostic values of (E) miR-720 and (F) miR-887 in breast 
cancer. Data are expressed as the mean ± SEM (n = 3). *p < 0.05 and 
**p < 0.01 between the compared data.
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cancers. Testing the combined effect of perifosine with 
miR-720 inhibition and 5-Fu with miR-887 inhibition 
revealed the enhancement of anti-cancer action. miR-
720 and miR-887 are potent tumor suppressors and may 
become potential therapeutic tools for patients with 
breast cancer.
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To investigate the effect of fluorine substitution on tolbutamide (TB) hydroxylation catalyzed 
by CYP2C9, the hydroxylation of TB and its fluorinated derivative 3'-fluoro-tolbutamide (3'-F-
TB) by recombinant human CYP2C9*1, CYP2C9*2, and CYP2C9*3 was analyzed. In general, 
fluorine substitution near the metabolic site may decrease enzymatic oxidation owing to its 
electron-withdrawing nature. Fluorine substitution reduced the Michaelis–Menten-derived Km of 
4'-hydroxylation of TB catalyzed by CYP2C9*1 from 115 (TB) to 77 (3'-F-TB) µM. In the case 
of TB hydroxylation catalyzed by CYP2C9*2, the Km value of TB was also reduced by fluorine 
substitution from 129 to 88 µM. The greatest effect of fluorine substitution on the Km in TB 
hydroxylation was observed in the catalysis by CYP2C9*3, in which the Km value decreased from 
287 to 117 µM. When a mixture containing TB and 3′-F-TB was hydroxylated by CYP2C9, the 
hydroxylated metabolite ratio in CYP2C9*3 was significantly increased compared with that in 
CYP2C9*1 and CYP2C9*2 (p < 0.01, Tukey–Kramer test). These results suggest that obtaining the 
metabolite profiles of fluorine-substituted analogs of the key substrate molecule may be useful as a 
new tool for phenotyping polymorphic CYP isoforms.

1. Introduction

CYP2C9 catalyzes the metabolism of several clinically 
used drugs, including S-warfarin, phenytoin, flurbiprofen, 
and tolbutamide (TB) (1-4). Human CYP2C9 has 
three major polymorphic isozymes: CYP2C9*1 (wild-
type), CYP2C9*2 (Arg144Cys), and CYP2C9*3 
(Ile359Leu) (5). The genetic variability of CYP2C9 is 
dominated by the *2 allele (11.7%) and *3 allele (7%) 
in Europeans, whereas the major allele in Asian and 
African populations is *3 (3.4% in East Asians and 
11.3% in South Asians) (6,7). Generally, the difference 
in metabolic activity among the CYP2C9 isozymes 
may vary considerably. It is suggested that CYP2C9*2 
shows moderate activity and CYP2C9*3 shows poor 
activity compared with that shown by CYP2C9*1 
in the metabolism of most CYP2C9 substrates (8). 
Additionally, CYP2C9*3 has been reported to reduce the 
hydroxylation activity of TB and phenytoin (9,10).
 Fluorine substitution of a hydrogen atom often exerts 
so-called mimic effects on interactions with biological 
molecules because the covalent and van der Waals’ radii 
of the fluorine atom are similar to those of the hydrogen 
atom (11). However, the replacement of hydrogen with 

fluorine changes not only the distribution of electron 
density within the molecule but also the electric 
repulsive/attractive interactions with intra/intermolecular 
environments, which may significantly affect enzyme–
substrate and enzyme–inhibitor interactions. In our 
previous study, the inhibitory effects of fluorinated 
benzo[h]quinolines (BhQ) on drug metabolism by 
recombinant human CYP2C9 were analyzed, and the 
position-specific substitution by a fluorine atom was 
shown to alter the ability of BhQ to inhibit CYP2C9 
(11). The present study aimed to determine whether 
fluorine substitution improves the decrease in metabolic 
activity catalyzed by CYP2C9 polymorphic isozymes. 
In this study, we compared the changes in hydroxylation 
metabolism by CYP2C9*1, CYP2C9*2, and CYP2C9*3 
using TB and 3'-fluoro-tolbutamide (3'-F-TB) as a 
fluorine-substituted TB analog (Figure 1).

2. Materials and Methods

2.1. Materials

Microsome preparations from baculovirus-infected 
insect cells coexpressing CYP2C9*1, *2, or *3 with 
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NADPH-CYP oxidoreductase were purchased from 
Gentest (Woburn, MA, USA); NADP, glucose-6-
phosphate (G6P), and G6P dehydrogenase were 
obtained from Oriental Yeast (Tokyo, Japan); and TB, 
4'-hydroxytolbutamide, and all other chemicals were 
obtained from Sigma-Aldrich (St. Louis, Mo, USA). 
The melting point was determined using a MP-500D 
(Yamato Scientific, Tokyo, Japan) micro melting point 
apparatus without correction. Mass spectra (electron 
impact ionization) were measured using an AX505HA 
spectrometer (JEOL, Tokyo, Japan). 1H-NMR spectra 
were recorded using a JNM-A500 spectrometer 
(JEOL) in CDCl3 using tetramethylsilane as an internal 
standard.

2.2. Synthesis of 3'-F-TB

4-[18F] fluorotolbutamide, a fluorine-substituted TB 
analog, is used in positron analysis as an imaging 
reagent for pancreatic islets of Langerhans. 4-[18F] 
fluorotolbutamide has previously been synthesized 
by a nucleophil ic addit ion reaction of 4-[18F] 
fluorobenzensulfonamide and butyl isocyanate (12,13). 
Similarly, 3'-F-TB was synthesized from 3-fluoro-4-
metylbenzensulfonamide (3-F-4-Me-BSA) and butyl 
isocyanate. The melting point was 123-125°C. 1H-NMR 
(500 MHz, CDCl3) δ: 0.91 (m, 3H, H-4'), 1.25-1.39 (m, 
2H, H-3'), 1.43-1.52 (m, 2H, H-2'), 2.35 (d, 3H, CH3), 
3.13-3.22 (m, 2H, H-1'), 4.46 (br, 1H, 1-NH), 6.44 (br, 
1H, 3-NH), 7.34 (t, 1H, H-5''), 7.55(dd, 1H, H-2''), 7.61 
(dd, 1H, H-6''); JF-CH3 = 2.1, J2''-F = J5''-6'' = 8.7, J2''-6'' = 2.0 
Hz. HR-MS m/z: 288.0942, Calcd for C12H17FN2O3S: 
288.0944.

2.3. Determination of CYP2C9 activity by TB 
hydroxylation

The determination of TB hydroxylase activity catalyzed 
by CYP2C9 was performed according to previous 
reports with slight modifications (11,14). Briefly, the 
incubation mixture (50 µL in a 1.5-mL microtube) 
contained 0.1 M potassium phosphate buffer (pH 7.4), 1.3 
mM NADP, 3.3 mM G6P, 3.3 mM MgCl2, 0.08 units of 
G6P dehydrogenase, TB, or 3'-F-TB, and 5.0 pmol CYP 
(approximately 8 µg protein). After incubation at 37°C 
for 40 min, the resulting metabolites were extracted with 
2.5 volumes of ethyl acetate, and the organic solvent 
layer was evaporated. The residue was dissolved in 30 
µL of a solution containing 0.01 M HCl and 20% CH3CN 

and analyzed by HPLC. HPLC analysis was performed 
using a Shimadzu liquid chromatograph (Shimadzu, 
Kyoto, Japan) equipped with a Model LC-10A solvent 
delivery system (Shimadzu), Model SPD-10AV UV-vis 
spectrophotometric detector (Shimadzu), and Wakosil 
II 5C18RS (ODS) column (2 mm × 150 mm) (Fujifilm 
Wako Pure Chemical, Osaka, Japan). The solvent system 
consisted of 40% CH3CN-H2O. The flow rate was 0.15 
mL/min. Hydroxylated TB (OH-TB) was quantified 
from the peak areas measured by ultraviolet absorption 
at 236 nm with reference to 10 µM 4'-hydroxytolbutamide 
as the standard sample. Hydroxylated 3'-F-TB (3'-F-OH-
TB) was semi-quantitatively determined from the 
integrated area measured at 236 nm, assuming that the 
ε value was the same as that of OH-TB. At least four 
independent experiments were performed. 

2.4. Statistical analysis

The ratio of the hydroxylated metabolites of TB and 3'-
F-TB was statistically analyzed using one-way analysis 
of variance with the Tukey-Kramer test (SPSS Statistics 
version 24; IBM, Armonk, NY, USA). A p value of < 
0.05 was considered statistically significant.

3. Results and Discussion

Using TB and 3'-F-TB as substrates, the changes in 
hydroxylation metabolism by CYP2C9*1, CYP2C9*2, 
and CYP2C9*3 were compared. To determine the 
metabolic rate, the peak area of the hydroxylation 
reactions catalyzed by CYP2C9 was measured by 
comparison with that of 10 µM 4'-hydroxytolbutamide 
as the standard sample. The kinetics of metabolite 
formation by CYP2C9 was assessed in quadruplicate, 
and the substrate concentration ranged from 0.1 to 
1.0 mM. Vmax and Km were then calculated using 
Eadie–Hofstee plots (Figure 2 and Table 1). Fluorine 
substitution reduced the Michaelis–Menten-derived 
Km of TB 4'-hydroxylation catalyzed by CYP2C9*1 
from 115 (TB) to 77 (3'-F-TB) µM. In the case of TB 
hydroxylation by CYP2C9*2, the Km value was also 
reduced from 129 to 88 µM by fluorine substitution. 
The largest effect of fluorine substitution on the Km 
value in TB hydroxylation was observed in the case 
of catalysis by CYP2C9*3, in which the Km decreased 
from 287 to 117 µM. 
 The mixture containing equal amounts of TB and 
3'-F-TB was quantified as the ratio of the hydroxylated 
metabolite by CYP2C9*1, CYP2C9*2, and CYP2C9*3 
(Table 2). The ratio of OH-TB compared with that of 
3'-F-OH-TB in the combination metabolism of 100 
µM TB and 100 µM 3'-F-TB showed almost the same 
tendency as the ratio of Km values, and the hydroxylated 
metabolite ratio (3'-F-OH-TB/OH-TB) obtained from 
the metabolism by CYP2C9*3 was significantly higher 
than that of CYP2C9*1 and CYP2C9*2 (p < 0.01, 
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Figure 1. The chemical structures of (A) TB and (B) 3'-F-TB.
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twice as high in individuals with the wild-type 
CYP2C9 genotype than in heterozygous CYP2C9*3 
individuals (16). In fact, we showed that the Km value 
of TB in CYP2C9*1 was reduced compared with that 
of CYP2C9*3 (Table 1). In this study, we compared 
the changes in hydroxylation metabolism by CYP2C9 
polymorphisms using a fluorine-substituted TB analog. 
3'-F-TB reduced the Km and increased the production 
of hydroxylated metabolites compared with TB (Table 
1). These results indicate that fluorine substitution 
increases the affinity for CYP2C9 and is susceptible 
to hydroxylation by CYP2C9. The effect of fluorine 
substitution on TB suggests that TB hydroxylation in 
humans with CYP2C9*3 may be enhanced to the same 
extent as CYP2C9*1.
 Phenotypic analysis directly reflects various 
external environments, intrinsic factors, and genotypes 

Tukey–Kramer test).
 Many gene polymorphisms in CYP2C9 have been 
discovered, and it is well recognized that differences in 
genotypes cause differences in metabolic activity (15). 
It is important to determine the differences in metabolic 
activity among each isozyme to understand how they 
affect drug efficacy and safety, especially considering 
the possibility of serious side effects due to a reduction 
in the metabolic capacity of CYP2C9*3. It has been 
reported that the human plasma area under the curve of 
OH-TB and the ratio of OH-TB/TB were approximately 

Figure 2. Eadie–Hofstee plots for the hydroxylation of TB and 3'-F-TB by (A) CYP2C9*1, (B) CYP2C9*2, and (C) CYP2C9*3. The 
hydroxylation catalyzed by CYP2C9 was quantified by comparison with 10 µM 4'-hydroxytolbutamide as the standard sample. Reactions were 
performed in quadruplicate, and the concentration of TB or 3'-F-TB ranged from 0.1 to 1.0 mM. Each point represents the mean of quadruplicate 
determinations. TB (black circles and solid lines) and 3'-F-TB (white squares and dotted lines).

Table 1. Hydroxylation metabolism parameters of TB and 
3'-F-TB
Items

CYP2C9*1
     Vmax (nmol/min/nmol P450)
    Km (µM)
    Km ratio (TB/3'-F-TB)

CYP2C9*2
    Vmax (nmol/min/nmol P450)
    Km (µM)
    Km ratio (TB/3'-F-TB)

CYP2C9*3
    Vmax (nmol/min/nmol P450)
    Km (µM)
    Km ratio (TB/3'-F-TB)

TB

9.12
115
1.49

2.08
129
1.47

1.50
287
2.45

3'-F-TB

8.01
77

2.10
88

1.21
117

Table 2. Ratio of the hydroxylated metabolite (3'-F-OH-
TB/OH-TB)
Items

CYP2C9*1
CYP2C9*2
CYP2C9*3

3'-F-OH-TB/OH-TB

      1.73 ± 0.09
      1.67 ± 0.09
      2.28 ± 0.14*,#

Data are expressed as the mean ± S.D. (CYP2C9*1; n = 7, CYP2C9*2; 
n = 8, CYP2C9*3; n = 8). *p < 0.01, vs. CYP2C9*1 by the Tukey–
Kramer test. #p < 0.01, vs. CYP2C9*2 by the Tukey–Kramer test. 
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that affect CYP activity, unlike genetic analysis (17). 
Therefore, phenotypic analysis is considered to provide 
more useful information than genetic analysis in 
clinical practice. However, very few simple and quick 
phenotype analysis methods have been established 
(17). When the mixture containing TB and 3'-F-
TB was hydroxylated by CYP2C9, the hydroxylated 
metabolite ratio (3'-F-OH-TB/OH-TB) in CYP2C9*3 
was significantly increased compared with that in 
CYP2C9*1 and CYP2C9*2 (Table 2). This result 
indicates that fluorine substitution in TB suppressed 
the decreased metabolic activity by CYP2C9*3 and/
or the metabolism of TB was reduced by CYP2C9*3. 
It was reported that the inhibition of CYP2C9 by BhQ 
and its fluorinated derivatives varied with the position 
of the substituted fluorine (11). The effects of fluorine 
substitution on the inhibition of TB hydroxylation 
catalyzed by CYP2C9*1 were different compared 
with the effects on the hydroxylation catalyzed by 
CYP2C9*2 and CYP2C9*3 (11). Additionally, fluorine 
substitution in quinoline and 4-methylquinoline affected 
their mutagenicity and the formation of hydroxylated 
metabolites (18,19). Fluorine substitution could alter 
the metabolic profiles of other substrates, such as 
phenytoin, in addition to TB, which may enhance their 
efficacy and reduce their side effects. 
 In conclusion, we suggest that obtaining the 
metabolite profiles of fluorine-substituted analogs of 
the key substrate molecule may be useful as a new tool 
for phenotyping polymorphic CYP isoforms. Future 
studies should develop probes that can differentiate 
between the various metabolic enzymes in human 
liver microsomes to estimate the clinical relevance at 
in vitro levels. The development of compounds with 
a large difference in the Km ratio between CYP2C9*1 
and CYP2C9*3 may contribute to a new method for 
phenotypic analysis.
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Lupus myelitis is a rare but serious condition characterized by myelopathy in patients with systemic 
lupus erythematosus (SLE). Its presentation is usually acute or subacute, and it is often refractory to 
treatment. We reported a rare presentation of lupus myelitis in a 38-year-old Japanese woman with 
a 20-year history of SLE. She developed paraparesis and bladder/bowel dysfunction 6 months prior 
to presentation. Magnetic resonance imaging revealed atrophy of the entire thoracic spinal cord with 
high intensity on T1-weighted sequence. She was initially treated with intravenous pulse steroid 
therapy, and prednisolone (20 mg/day) was continued; mizoribine was changed to azathioprine (100 
mg/day). In addition, she underwent a rehabilitation program to improve lower-extremity muscle 
weakness. Moreover, because of the refractory clinical condition, intravenous cyclophosphamide 
pulse therapy was added. Within 1 month, she could walk with a cane and had a desire to urinate and 
defecate. In conclusion, early and aggressive treatment improves the permanent damage of lupus 
myelitis.

Lupus myelitis is a rare and serious complication in 
patients with systemic lupus erythematosus (SLE). 
Partial remission and complete recovery occur in 50.0-
62.5% and 7.1-27.8% of these patients, respectively (1). 
Here, we report the improvement of a rare case of lupus 
myelitis using intravenous pulse methylprednisolone 
and pulse cyclophosphamide therapy. 
 A 38-year-old woman with SLE received oral 
prednisolone (20 mg/day) and mizoribine (100 mg/
day) for 20 years at a nearby hospital. She was admitted 
to our hospital because she developed paraparesis 
and bladder/bowel dysfunction 6 months prior to 
presentation. She was bedridden because of the 
exacerbation of these symptoms. On admission, she 
presented with discrete maculopapular erythema on 
her face (Figure 1A), ulcers on the buttock and oral 
mucosal ulcers. Laboratory findings were as follows: 
antinuclear antibody at a titer of 1:1,280 in a speckled 
pattern, anti-double-stranded DNA antibody level > 
200 IU/mL (< 12 IU/mL); total functional hemolytic 
complement (CH50) < 10 U (31.6-57.6 U/mL); C3, 
22.8 mg/dL (73-138 mg/dL): C4, 1.3 mg/dL (11-31 mg/
dL); anti-cardiolipin β-2-glycoprotein I, 1.3 U/mL (< 
3.5 U/mL); anti-cardiolipin immunoglobulin G < 8 U/
mL (< 10 U/mL); an anti-aquaporin 4 antibody < 1.3 U/

mL (< 5.0 U/mL). Magnetic resonance imaging (MRI) 
revealed atrophy of the entire thoracic spinal cord with 
high intensity on T1-weighted sequence (Figure 1B). 
Cerebrospinal fluid (CSF) examination showed elevated 
protein levels of 47.6 mg/dL (8-43 mg/dL), and the 
immunoglobulin G index was 1.18. Oligoclonal bands 
in CSF were also positive. Pretherapeutic SLE disease 
activity index (SLEDAI) score was 16 (vasculitis, new 
rash, mucosal ulcers, low complement, increased DNA 
binding). Based on these results, she was diagnosed 
with myelitis associated with SLE (lupus myelitis). 
She was initially treated with intravenous pulse steroid 
therapy, and prednisolone (20 mg/day) was continued; 
mizoribine was changed to azathioprine (100 mg/day). 
In addition, she underwent a rehabilitation program to 
improve lower-extremity muscle weakness. One week 
after the initiation of this therapy, the SLEDAI score 
improved up to 4 (low complement, increased DNA 
binding). Because of refractory hypocomplementemia, 
high titer of anti-double-stranded DNA antibody and 
leukopenia, intravenous cyclophosphamide pulse 
therapy was added. Within 1 month, she could walk 
with a cane and had a desire to urinate and defecate. 
 Overall, 1-2% of patients with SLE have lupus 
myelitis (2). It occurs most commonly at the thoracic 
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levels, especially at the levels of T5-T8 (2). The factors 
associated with neurological outcomes of lupus myelitis 
include: extensive spinal cord lesions, severity of the 
symptoms at onset, antiphospholipid antibodies, and 
delay of treatment (3). Although the therapeutic strategy 
for lupus myelitis is based on SLE, initial treatment 
often involves intravenous pulse methylprednisolone 
and pulse  cyclophosphamide (1 ) .  Ri tuximab, 
intravenous immunoglobulin, and plasma exchange 
therapy are sometimes added as combination therapies 
(4). Anticoagulation therapy has also been shown to be 
effective in patients who are antiphospholipid-positive 
(1,5). In conclusion, early and aggressive treatment 
improves the permanent damage of lupus myelitis.
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Figure 1. (A) Discrete maculopapular erythema on her face. (B) 
Magnetic resonance imaging (MRI) showed an atrophy of whole 
thoracic spinal cord.
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The management of neurological infections due to non-tubercular mycobacteria is extremely 
challenging because of scarce literature, issues with penetration, lack of easily available 
susceptibility platforms and adverse effects associated with long term therapy. We report a case of 
a young girl with neurological infection due to rapidly growing mycobacteria to discuss the factors 
that should be considered while choosing the therapy for such rare and persistent infections.

Rapidly growing non-tubercular mycobacteria (NTM) are 
uncommonly associated with infections involving lungs, 
bones or soft tissues (1-4). They usually occur following 
trauma, contamination during surgery, hematogenous 
infection from a distant focus or contiguous spread 
from wounds or perforated gut (6-7). These organisms 
may very rarely involve the central nervous system 
(CNS) as well. The treatment of NTM is mostly based 
on small observational studies as there are no properly 
conducted clinical trials in this area. With the exception 
of a few case reports, there is hardly any literature on 
NTM involving the CNS. This, along with the issues 
of penetration, lack of easily available susceptibility 
platforms and adverse effects associated with long term 
therapy, makes the management extremely challenging. 
We discuss the factors that should be considered while 
choosing the therapy for such infections using a case 
of ventriculoperitoneal (VP) shunt infection with 
Mycobacterium fortuitum that we managed recently. 
 A 13-years old female patient, a known case of 
posterior fossa glioma with bilateral ventriculoperitoneal 
shunt in-situ (for four years) presented to an outside 
hospital with acute appendicitis. She was found to have an 
inflamed appendix which was removed laparoscopically. 
Fifteen days after the surgery, she presented to our 
hospital with high-grade fever and altered sensorium 
with convulsions. She was found to have a Glasgow 
Coma Score of 9 (Eye-3, Verbal-2, Motor-4). A large, 
firm and mobile swelling was noticed on the abdominal 
examination. Computerized tomography (CT) scan of 
the brain showed dilated ventricles, and CT abdomen 

showed a large uniloculated cyst (pseudocyst) enclosing 
the shunt tips. Cerebrospinal fluid examination (CSF) 
revealed a total leucocyte count of 280/μL (neutrophil 
70%, lymphocyte 30%), a glucose of 80 mg/dl and a 
protein of 14 mg/dl. Ziehl Neelsen staining of the CSF 
showed multiple acid-fast bacilli (3+) and the growth in 
culture was identified as Mycobacterium fortuitum by 
line probe assay and sequencing (Figure 1). The likely 
source of shunt infection in our case was the laparoscope 
used in the appendectomy. We hypothesized that the 
infection in the CSF was a result of ascending infection 
from the peritoneal end of the VP shunt. She was started 
on imipenem (intravenous), amikacin (intravenous), 

Figure 1. Ziehl Neelsen stain of cerebrospinal fluid showing acid-
fast bacilli.
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levofloxacin (oral) and linezolid (oral). All the shunt hard 
wares were removed, and a frontal Ommaya reservoir 
was inserted. The endoscopic third ventriculostomy was 
done after the CSF became sterile. She was discharged 
after two months with oral levofloxacin and linezolid. 
The therapy was discontinued after one and a half year of 
oral therapy.
 Treatment in such cases requires appropriate 
antimicrobials effective against the species of NTM 
causing the infection. It is generally suggested to use at 
least one or two parenteral drugs for the initial part of 
therapy followed by a prolonged course of oral therapy 
(5). We chose a regimen containing four drugs for the 
initial part of the therapy considering the involvement 
of CNS, the severity of the condition and lack of 
susceptibility testing. The oral therapy with two drugs 
was prolonged beyond one year for the same reason. 
The choice was based on the percentage susceptibility, 
penetration in CSF and adverse effect profile (8) (Table 
1). Shunt hardware is a source for colonization of 
the bacteria because of its inherent property to form 
biofilms. Removal of all such shunt material is necessary 
to achieve a good outcome, as noted in the literature. 
CNS infection with NTM is a rare but potentially fatal 
condition. Besides a high index of suspicion and early 
diagnosis, choosing the right therapy for the correct 
duration is paramount for a favourable outcome.
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Table 1. Summary of drugs used for treatment of Mycobacterium fortuitum

Drug

Amikacin
Levofloxacin
Imipenem
Linezolid
Doxycycline
Minocycline
Clarithromycin

Percentage 
susceptibility

       100
       100
       100
         86
         50
         50
         50

              Dose and formulation

5 mg/kg/dose q8 h IV
500-750 mg q24h IV or oral
500 mg q6 h IV
600 mg q12 h IV or oral
100 mg q12 h IV or oral
200 mg loading followed by 100 mg q12 h
500 mg q12 h oral

*AUCCSF/AUCS: Area under curve of drug in cerebrospinal fluid divided by area under curve in serum.

AUCCSF/AUCS 
(uninflamed meninges)

0.2
0.71
0.2
0.9
0.2

No data
No data

                   Adverse effects

Nephrotoxicity, Ototoxicity, neurotoxicity
Gastrointestinal, headache, insomnia
Anemia, thrombocytopenia, transaminitis
Diarrhea, leucopenia, thrombocytopenia
Diarrhea, nasopharyngitis
Dizziness, fatigue, pruritus
Dysgeusia, diarrhoea
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eds.). Martin Dunitz, London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):

World Health Organization. The World Health Report 2008 – 
primary health care: Now more than ever. http://www.who.int/
whr/2008/whr08_en.pdf (accessed September 23, 2010).

Tables: All tables should be prepared in Microsoft Word or 
Excel and should be arranged at the end of the manuscript 
after the References section. Please note that tables should 
not in image format. All tables should have a concise title and 
should be numbered consecutively with Arabic numerals. If 
necessary, additional information should be given below the 
table.

Figure Legend: The figure legend should be typed on a 
separate page of the main manuscript and should include a 
short title and explanation. The legend should be concise but 
comprehensive and should be understood without referring 
to the text. Symbols used in figures must be explained. Any 
individually labeled figure parts or panels (A, B, etc.) should 
be specifically described by part name within the legend.

Figure Preparation: All figures should be clear and cited in 
numerical order in the text. Figures must fit a one- or two-
column format on the journal page: 8.3 cm (3.3 in.) wide for 
a single column, 17.3 cm (6.8 in.) wide for a double column; 
maximum height: 24.0 cm (9.5 in.). Please make sure that 
artwork files are in an acceptable format (TIFF or JPEG) 
at minimum resolution (600 dpi for illustrations, graphs, 
and annotated artwork, and 300 dpi for micrographs and 
photographs). Please provide all figures as separate files. 
Please note that low-resolution images are one of the leading 
causes of article resubmission and schedule delays.

Units and Symbols: Units and symbols conforming to 
the International System of Units (SI) should be used for 
physicochemical quantities. Solidus notation (e.g. mg/kg, 
mg/mL, mol/mm2/min) should be used. Please refer to the SI 
Guide www.bipm.org/en/si/ for standard units.

Supplemental data: Supplemental data might be useful for 
supporting and enhancing your scientific research and Drug 
Discoveries & Therapeutics accepts the submission of these 
materials which will be only published online alongside the 
electronic version of your article. Supplemental files (figures, 
tables, and other text materials) should be prepared according 
to the above guidelines, numbered in Arabic numerals (e.g., 
Figure S1, Figure S2, and Table S1, Table S2) and referred 
to in the text. All figures and tables should have titles and 
legends. All figure legends, tables and supplemental text 
materials should be placed at the end of the paper. Please note 
all of these supplemental data should be provided at the time 
of initial submission and note that the editors reserve the right 
to limit the size and length of Supplemental Data.

5. Submission Checklist

The Submission Checklist will be useful during the final 
checking of a manuscript prior to sending it to Drug 
Discoveries & Therapeutics for review. Please visit Download 
Centre and download the Submission Checklist file.

Materials and Methods: The description should be brief 
but with sufficient detail to enable others to reproduce 
the experiments. Procedures that have been published 
previously should not be described in detail but appropriate 
references should simply be cited. Only new and significant 
modifications of previously published procedures require 
complete description. Names of products and manufacturers 
with their locations (city and state/country) should be given 
and sources of animals and cell lines should always be 
indicated. All clinical investigations must have been conducted 
in accordance with Declaration of Helsinki principles. All 
human and animal studies must have been approved by 
the appropriate institutional review board(s) and a specific 
declaration of approval must be made within this section.

Results: The description of the experimental results should be 
succinct but in sufficient detail to allow the experiments to be 
analyzed and interpreted by an independent reader. If necessary, 
subheadings may be used for an orderly presentation. All 
figures and tables must be referred to in the text.

Discussion: The data should be interpreted concisely without 
repeating material already presented in the Results section. 
Speculation is permissible, but it must be well-founded, 
and discussion of the wider implications of the findings is 
encouraged. Conclusions derived from the study should be 
included in this section.

Acknowledgments: All funding sources should be credited 
in the Acknowledgments section. In addition, people who 
contributed to the work but who do not meet the criteria for 
authors should be listed along with their contributions.

References: References should be numbered in the order in 
which they appear in the text. Citing of unpublished results, 
personal communications, conference abstracts, and theses in 
the reference list is not recommended but these sources may 
be mentioned in the text. In the reference list, cite the names 
of all authors when there are fifteen or fewer authors; if there 
are sixteen or more authors, list the first three followed by 
et al. Names of journals should be abbreviated in the style 
used in PubMed. Authors are responsible for the accuracy of 
the references. The EndNote Style of Drug Discoveries & 
Therapeutics could be downloaded at EndNote (https://www.
ddtjournal.com/examples/Drug_Discoveries_Therapeutics.ens).

Examples are given below:

Example 1 (Sample journal reference):

Nakata M, Tang W. Japan-China Joint Medical Workshop on 
Drug Discoveries and Therapeutics 2008: The need of Asian 
pharmaceutical researchers' cooperation. Drug Discov Ther. 
2008; 2:262-263.

Example 2 (Sample journal reference with more than 15 
authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of 
lung cancer: Collaborative analysis of individual data from 13 
European case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):

Shalev AY. Post-traumatic stress disorder: Diagnosis, history 
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6. Online Submission

Manuscripts should be submitted to Drug Discoveries & 
Therapeutics online at https://www.ddtjournal.com. The 
manuscript file should be smaller than 5 MB in size. If for any 
reason you are unable to submit a file online, please contact 
the Editorial Office by e-mail at office@ddtjournal.com.

7. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be sent to the 
corresponding author via e-mail. Corrections must be returned 
to the editor (proof-editing@ddtjournal.com) within 3 
working days.

Offprints: Authors will be provided with electronic offprints 
of their article. Paper offprints can be ordered at prices quoted 
on the order form that accompanies the proofs.

Page Charge: Page charges will be levied on all manuscripts 
accepted for publication in Drug Discoveries & Therapeutics 
($140 per page for black white pages; $340 per page for color 
pages). Under exceptional circumstances, the author(s) may 

apply to the editorial office for a waiver of the publication 
charges at the time of submission.

Misconduct: Drug Discoveries & Therapeutics takes seriously 
all allegations of potential misconduct and adhere to the 
ICMJE Guideline (http://www.icmje.org/recommendations) 
and COPE Guideline (http://publicationethics.org/files/Code_
of_conduct_for_journal_editors.pdf). In cases of suspected 
research or publication misconduct, it may be necessary 
for the Editor or Publisher to contact and share submission 
details with third parties including authors’ institutions and 
ethics committees. The corrections, retractions, or editorial 
expressions of concern will be performed in line with above 
guidelines.

(As of June 2020)

Drug Discoveries & Therapeutics
Editorial and Head Office

Pearl City Koishikawa 603,
2-4-5 Kasuga, Bunkyo-ku,

Tokyo 112-0003, Japan.
E-mail: office@ddtjournal.com
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