RESEARCH INITIATIVES TO HELP CONTROL THE
COVID-19 PANDEMIC
The Josep Carreras Leukaemia Research Institute's mission is based
on basic, translational and clinical research into leukaemia and other
malignant blood diseases. Our main aim is to contribute to the health
and wellbeing of patients suffering from such diseases.
In the face of the pandemic caused by the coronavirus 2019 disease
(COVID-19), caused by infection from the SARS-CoV-2 virus which,
by 21 April 2020 has led to more than 200,000 cases and more than
20,000 deaths in Spain [1], our values of altruism and perseverance
have never been more important.
Therefore, given this unprecedented emergency situation, our centre
intends to widen its scope of action and participate in initiatives to
confront COVID-19 by contributing in two fundamental areas:
scientific knowledge and the latest technology. The Josep Carreras
Leukaemia Research Institute (IJC) has more than 30 research groups
with wide-ranging experience in biomedical research, and its
genomics, proteomics and bioinformatics platforms are equipped
with state-of- the art technology. They have generated extremely
valuable information in the fight against leukaemia and other kinds of
cancer and could now help with research into COVID-19.
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Although our initiatives aim to contribute to the control of COVID-19
in the general population, it is the vulnerability of patients affected
by leukaemia and other malignant blood diseases that has driven us
to present this proposal.
The first results of epidemiological studies carried out in China
indicate a greater incidence of severe events associated with COVID19 in patients suffering from cancer [2,3], particularly lung and blood
cancers [3]. The main risk factors for complications associated with
COVID-19 in cancer patients are previously damaged lungs and
immunosuppression.
With regard to immunosuppression, patients with leukaemias,
lymphomas and myelomas, diseases that directly alter the correct
functioning of the immune system, are a population that is extremely
vulnerable to COVID-19 from a clinical point of view. Furthermore,
one of the most successful therapies for treating these diseases,
hematopoietic stem cell transplantation (HSCT) requires the use of
immunosuppressive agents to control the immune response and
prevent the rejection of the transplanted cells. The patient therefore
remains in an immunosuppressed condition, and this can last, in the
case of allogenic HSCT, for as long as two years after the transplant,
making such patients very vulnerable to the risk of infection. So much
so that viral respiratory infections have been recognised as being the
main cause of morbidity and mortality for HSCT patients [4,5], a
particularly worrying datum with regard to the COVID-19 pandemic.

Although there are still no exhaustive studies of large numbers of
patients, the Hematology Institute of the Union Hospital in Wuhan
(China), the epicentre of the pandemic, reported a mortality rate of
over 50% for patients admitted to hospital with concomitant
malignant blood disease and SARS-CoV-2 infection [6].
Given the extreme vulnerability of hematology/oncology patients
faced with COVID-19, a number guidelines and recommendations
have been published concerning how best to manage these patients
[7-10], including the recommendations of the European Hematology
Association (EHA) [7]. Similarly, guidance published previously for the
management of other kinds of coronavirus could now be of great
usefulness [11]. Discontinuing or delaying the use of
immunosuppressive treatments is one of the strategies to follow in
order to diminish the risk of COVID-19. In the event of the patient
testing positive for COVID-19, the recommendations include delaying
allogenic transplants for at least a month after recovery from the
infection. The possibility has also been suggested of suspending the
cycles of chemotherapy after an objective risk-benefit evaluation. The
risks to patients on account of the possible immunosuppressant
effect of the chemotherapy, as well as the risks involved by attending
a health institution in which there are patients being treated for
COVID-19, must be assessed.
Pediatric patients deserve special attention. Acute lymphoblastic
leukemia (ALL) is the most frequent kind of cancer in children.

Although the impact of COVID-19 in children is low, only 0.5% of
cases correspond to children under the age of 14 and only two deaths
have been reported (< 2 years of age) according to the latest report of
cases notified to the Red Nacional de Vigilancia Epidemiológica RENAVE (Spanish Network for Epidemiological Vigilance), dated 16
April 2020) [1], the impact on patients with ALL and the other
malignant blood diseases can be fatal. The first case of COVID-19 in
an infant with ALL, whose pulmonary lesions progressed rapidly,
appeared in Wuhan, China [12]. With regard to the immunodeficiency
of pediatric patients with ALL, strategic plans have been drawn up
for the management of such patients in the hematology and oncology
departments of hospitals in order to reduce the risk, given that in
such cases it is not recommended to delay treatment with
chemotherapy for more than 14 days [13]. As with all cancer patients,
an assessment must be made of the potential risk of contagion
through infection with SARS-CoV-2, the potential severity of COVID19, and the risk of the cancer recurring.
The impact of COVID-19 on patients with malignant blood diseases
can lead to delays in the diagnosis and treatment of cancer,
(chemotherapy, HSCT, etc.), it can disguise infection by SARS-CoV-2
through a high blood cell count associated with cancer [14], and even
complicate the treatment for COVID-19. With respect to this latter
complication, the potentially dangerous interaction between anticancer drugs and the drugs used to treat infection by SARS-CoV-2
must be carefully evaluated. For example, a number of drugs used for
treating certain leukaemias, such as arsenic trioxide (ATO), IDH1

inhibitors, and tyrosine kinase inhibitors (TKIs) can prolong the QTc,
increasing the risk of severe arrythmia; a side effect also observed in
treatment with chloroquine (CQ) and hydroxychloroquine (HCQ)
which are currently being tested for the treatment of COVID-19 [7,15].
It must be borne in mind, therefore, that the synergy between
ATO/IDH1 and TKIs and CQ/HQC on the QTc could have a fatal effect
on these patients. Nevertheless, certain anti-cancer therapies could
have a positive effect against COVID-19, although there is still no firm
evidence of this.
On the other hand, the body of scientific knowledge resulting from the
study of malignant blood diseases could now be of great usefulness for
confronting the COVID-19 pandemic. One of the lessons of immunooncology that has proved useful stems from observations of patients
treated with immune checkpoint inhibitors, (ICI), or new cell therapies
with CARTs (chimeric antigen receptor T cells), which have proved to
be so successful in the treatment of malignant blood diseases.
As a consequence of an exacerbated immune response, patients
treated with ICI or CARTs might develop cytokine release syndrome
(CRS), which can lead to pneumonia. In such cases, the Food and Drug
Administration (FDA) in the US has approved the use of an antibody
(tocilizumab) which blocks the IL-6 pathway, responsible for this
uncontrolled response. Given that the symptoms of the pneumonia
associated with COVID-19 are similar to those observed in the cases
described above, and given that patients with severe COVID-19
present high levels of IL-6 in plasma [16], the use of tocilizumab is
currently being tested to control the pneumonia associated with
COVID- 19 [17].

This is an example of how knowledge gained through the study of
malignant blood diseases can contribute to managing the severe and
life-threatening symptoms of COVID- 19.
At the Josep Carreras Leukaemia Research Institute, and bearing in mind
our wide-ranging experience in biomedical research into leukaemia and
other malignant blood diseases, we are convinced that our knowledge
about the mechanisms involved in the development of these diseases, the
cells of the immune system, (lymphocytes B and T), the alterations in the
immune response, and the use of innovative immunotherapies such as
CARTs, could provide key information in the research for strategies to
combat COVID-19. Moreover, we intend to apply strategies employed for
research into leukaemia and other types of cancer that have been
successfully transferred to the benefit of patients, but now for the study
of COVID-19.
Considering the scientific experience and equipment available at the
IJC we propose two COVID- 19 research initiatives:
1. Identify the factors causing susceptibility to infection from SARSCoV-19 and the determining factors for the clinical evolution of
COVID-19.
Numerous studies have shown the importance of genetic variations for
susceptibility to infectious diseases [surveyed in18]. One of the most
relevant examples is the relationship between the variants of gene CCR-5
and resistance to HIV-1 infection, where the presence of mutant CCR5
alleles (co-receptor for HIV entry) provides protection against HIV
infection [19-21].

The identification of genetic variants for susceptibility to infection could
also be a starting point for the design of targeted therapies, as has been
shown in a number of studies.
The epidemiological information garnered over recent weeks shows
significant differences in the clinical evolution of patients with COVID19, from the absence of symptoms to fatal respiratory symptoms. Recent
studies indicate a significant percentage of asymptomatic, or mildly
symptomatic, cases [22,23]. A particularly important datum comes from
Iceland where, by 21 April 2020, 12% of the population had already been
tested, including not only those with symptoms of COVID-19 or at risk
of contact with COVID-19+, but also the general population [23,24]. In
the analysis of the general population, 43% of the cases proving positive
for COVID-19 showed no symptoms of the disease at the time the test
was conducted [23]. Another relevant datum comes from the screening
of women admitted to hospital for childbirth in New York in which 14%
who proved positive for SARS-CoV-2 (29 of 210) were asymptomatic [22].
In the present emergency situation caused by COVID-19, time is against
us, and creating useful knowledge in the short term is a priority. For
this reason we intend to start this study with molecular data already
available to us at the IJC. A computational analysis of genomic,
epigenomic and transcriptomic data generated by our group, or
available from previous studies, that may provide knowledge to improve
the clinical management of patients with COVID-19, is underway. To
this end, molecular profiles are being analysed:

single nucleotide polymorphisms (SNPs), copy number variation (CNV),
DNA methylation and expression, with the aim of identifying variants or
alterations associated with the differing susceptibilities to SARS-CoV-2
infection, as well as determining factors for the clinical evolution of
COVID-19. The results obtained could also inform the design of new
therapies to treat the disease.
The strategy for finding genetic variants for susceptibility to SARS-CoV2 consists of identifying differences between the molecular profiles in
three types of sample:
1) Human cell lines with different viral entry efficiencies.
On one hand, previous studies have shown important differences in the
SARS-CoV and SARS- CoV-2 viral entry efficiencies for different cell
lines [25-29]. On the other, our group carried out a epigenetic
characterisation of 1,001 cell lines* from the Welcome Sanger Institute
in a study published in Cell in 2016 [30]. CNV and genetic expression
were also analysed in this study. Data from available ENCODE cell lines
and repositories such as the Gene Expression Omnibus (GEO) were also
used. Our preliminary search has resulted in multiomic information on
more than 2,000 cell lines. The molecular differences were identified
(genetic, epigenetic and of expression) between cell lines with differing
viral entrance efficiencies.

2) Human tissue with different tropism for SARS-CoV-2 infection.
Recent studies have shown a high expression of genes implicated in the
entry of SARS-CoV-2, in particular ACE2 and TMPRSS2, in epithelial
cells, secretion cells, and nasal cilia cells [31], consistent with the route
of viral entry and impact of COVID-19 on the respiratory system. In this
study multiomic data available from ENCODE were analysed (93
different tissues) and from GTEX (54 different tissues), as well as data
available from the GEO on various normal tissues classified according to
their tropism on the basis of both prior studies into SARS-CoV [32,33]
and the information being generated on SARS-CoV-2 [34]. In this
regard, the study of post-mortem tissues has generated very valuable
information concerning the temporal-spatial distribution of SARS-CoV
in different tissues [33,35]. The molecular differences (genetic,
epigenetic and of expression) between human tissues with differing
tropism on account of SARS-CoV-2 will be identified.
3) Samples of population groups representing the two extremes of
SARS-CoV-2 infection symptomatology: children in contrast with the
elderly, and asymptomatic patients in contrast with patients with severe
symptoms.
As has been mentioned previously, there are radical differences in the
number of affected cases, symptomatology and fatality when comparing
children (<10 years of age) and the elderly (>70 years of age) in the
populations analysed. In Spain, on 16 April 2020, and on the basis of
122,487 notified cases with information regarding age, 565 cases (0.5%)
were children under the age of 15 years [1]. A similar situation has been
reported in China (0.9%) [36], and Italy

(1.7%, under the age of 18), according to the Italian Higher Health
Institute
on
17
April
2020
[37]
(https://www.epicentro.iss.it/coronavirus/). A particularly important
datum comes from Iceland where, by 21 April 2020, 12% of the
population had been tested including, not only those showing symptoms
of COVID-19 or in risk of contact with COVID-19+, but also the general
population [23,24]. In the analysis of the general population none of the
848 children under the age of 10 tested in the study proved positive for
COVID-19 [23]. These data contrast with the alarming rates of fatality
amongst those over the age of 70, reaching 20% according to data from
the Spanish Ministry of Health [1].
An exhaustive analysis of the molecular differences (genetic, epigenetic
and of expression) between children and the elderly could provide key
information to improve the clinical management of the elderly, the
population group that is most vulnerable to COVID-19 and to design
therapeutic strategies directed towards controlling the symptomatology
and preventing the development of the severe acute respiratory
syndrome (SARS) that characterises the disease. Our strategy consists of
comparing the methylation and genetic expression data of samples
obtained from the general population amongst the two age groups: <10
years of age and >70 years of age. A previous study by our group
compared the epigenetic differences, DNA methylation in particular, of
newborns (n=20) and centenarians (n=19) [38]. The methylation profiles
obtained in this study will be employed for the analysis, in addition to
the data available from the GEO. According to our preliminary search,
we have multiomic information on more than 500 children, mostly
deriving from the analysis of peripheral blood mononuclear cells, and a
similar number of samples from the elderly. Furthermore, multiomic

nformation is available for asthmatic children (n=100), who, in the light
of information currently available and consistent with the respiratory
consequences of this disease, are also vulnerable to COVID-19.
The multiomic approach described here has enabled us to start this
study even under conditions of confinement. Research does not stop
and, confronted by this pandemic, we have decided to employ the
multiomic data generated previously by our group, or by others, in
order to conduct bioinformatic analyses focused on identifying variants
of susceptibility to SARS-CoV-2. The second phase, aimed at validating
the results obtained, consists of analysing samples from COVID-19+
patients who are asymptomatic, or whose symptoms are mild, and
samples from COVID-19+ patients whose symptomatology is serious
or fatal. The genetic and epigenetic alterations, candidates as
biomarkers for susceptibility to SARS-CoV-2 infection identified by the
multiomic approach, will be analysed by means of pyrosequencing,
while the alterations in the gene expression of candidate genes will be
evaluated by means of quantitative RT-PCR (qPCR). Both methodologies
are used on a routine basis in our laboratory, and we have used them as
a validation strategy for numerous studies.
These analyses will enable us to confirm the results obtained by means
of the multiomic approach described above and to validate potential
prognostic stratification biomarkers for COVID-19. The results of this
multiomic approach could have an immediate impact on the prognostic
stratification of patients with COVID-19, as well as on the
identification of factors associated with complications such as SARS,
and contribute to improving the clinical management of patients
infected with SARS-CoV-2.

2. Develop a rapid test to detect SARS-CoV-2 based on nanocytometry.
Our institution has wide-ranging experience in the development of
functional trials using patients' primary cells. The experience gained in
the study of leukaemias and other malignant blood diseases could be of
great use for the study of other diseases such as COVID-19.
The Josep Carreras Institute, in cooperation with other institutions,
intends to analyse the reactivity of a series of candidate antibodies,
taking into account the scientific publications concerning COVID-19
that have appeared over the last weeks. Our knowledge of the
hematological system and the cells implicated in the development of
leukaemias may also be applied to COVID-19. In this regard, we are
interested in studying lymphopenia and cytokine release syndrome, the
role of hypoxia observed in COVID-19 patients on the physiology of
erythrocytes, as well as attempting to evaluate the association between
COVID-19 and the risk of sepsis.
With these two initiatives the Josep Carreras Leukaemia Research
Institute proposes to contribute to controlling COVID-19 by making our
most precious resources available: the scientific knowledge of our
researchers, and our centre's state-of-the-art equipment. The results of
this research will have a positive impact on the health of the population
in general, including those whose health is our primary concern: the
children and adults suffering from leukaemias and malignant blood
diseases, who are especially vulnerable to this disease, concern for
whose wellbeing is the driving force that inspires us to continue with
our research every day.
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