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Abstract:

Despite the well-known high prevalence of failure in drug development, recent
advancements in tissue engineering and microfabrication have helped to create
microphysiological systems (MPS), or “organs-on-chips,” which mimic the function
of human organs. These “tissue chips” might be used for toxicity and drug screening
tests, which could revolutionize the early phases of the drug development process.
Additionally, they may be utilized to simulate disease conditions, supplying new
instruments for deciphering disease pathologies and causes and evaluating the
efficacy of novel treatments. Future clinical trials on chips might be utilized to assess
novel medicines in both populations and individuals, opening the door for precision
medicine. Here, we’ll discuss tissue chips’ diverse potential and the difficulties in

developing them.

INTRODUCTION

Organs-on-chips are microfluidic cell culture
devices that precisely replicate the Physico-chemical
microenvironment of tissues in the human body under
dynamic, regulated settings (1). Therefore, the chips
display tissue- and organ-level activities that are
not seen in other, more straightforward in vitro cell
systems. These microsystems have great potential for
use in the present pharmaceutical research procedures
to investigate the toxicity and efficacy routes in human
tissues (2). They may also aid in creating personalized
therapies and provide insight into disease processes,
which bodes well for developing precision medicine
(PM) (3). There is a growing understanding that
in moreover to these uses in pharmaceutical and
biomedical investigation, organs-on-chips can also
be seen as controlled, physical representations of
particular patients and can thus be used directly in
the clinic to inform techniques for the treatment or
prevention of disease (3). In this review, we will explain
that the production of “personalized” organs-on-chips
that accurately represent particular persons’ genetics,
physiology, and biometric factors is made possible by
the regulated integration of person-specific cells, tissue
samples, and culture conditions based on biometric

data. We will provide samples of these customized
products. Organs-on-Chip will demonstrate their
potential to help create and assess treatment plans for
specific patient populations or people. Introduction.

What exactly is a chip-based organ?

A bioengineered microdevice called an organ-on-
a-chip, also known as a tissue chip, is typically no
larger than a few square centimeters and is intended
to imitate the fundamental functional unit of a human
organ, such as the lung alveolus, proximal kidney
tubule, or liver acinus (4). Microfluidic channels
supply fluid to microfabricated chambers that mimic
tissues’ three-dimensional (3D) architecture and are
filled with human cells. The channels enable the tissues
to receive fluid perfusion. Their designed shapes and
designs can mimic the biomechanical strain and shear
pressures that human tissues experience in vivo. These
instruments, sometimes referred to as MPS, are a part
of a growing initiative by academia, the government,
and the pharmaceutical industry to develop and make
use of innovations that more accurately reflect human
physiology and drug reactions (5-7).

Up to 60% of compounds are classified as failures
owing to a lack of effectiveness, and a further 30%
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pose unacceptable safety hazards from toxicity when
compounds reach early clinical trials. This pressure is
due to the ever-increasing costs and timetables for drug
development (15 years and up to $2.8 billion) (8,9).
Animals, in most circumstances, are not appropriate
models for many human diseases because of the
possibility that their reactions to medications may
change depending on the species owing to physiologic
variations (10). Therefore, the ideal models for illnesses
that affect humans are based on human beings.

Models of several different organs, including the
heart, liver, stomach, brain, muscle, and vasculature,
have been created using tissue chips (3). Their ability
to be stocked with human cells—whether from
primary donors, differentiated induced pluripotent
stem cells (iPSCs) from adult donors, or commercially
accessible cell lines—is a significant benefit (3).
Additionally, no other in vitro model has the potential
to mimic hemodynamic and fluidic flow, as well as
biomechanical stress. The lung-on-a-chip is one of the
first and most commonly used tissue chips (11). This
platform consists of two tiny chambers, one of which
is filled with fluid and the other with air, and they are
separated from one another by a thin membrane lined
with lung cells (11). Two additional air-filled chambers
are located next to the two main chambers. When a
rhythmic vacuum is applied, the membrane between
the two chambers stretches and relaxes, simulating the
air-fluid interface of the human alveolus (11). Since
then, this platform design has been adapted to simulate
different systems, including gut peristalsis and the
blood-brain barrier (BBB), lung infection, pulmonary
edema, asthma, and chronic obstructive pulmonary
disease (COPD) (12-14).

Heart
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MPS platform designs vary greatly depending
on the tissue they are intended to mimic. However,
they all have three key design elements: 1) the cell
arrangement in three dimensions to build a biologically
accurate model, 2) incorporating microfluidic
components for fluid exchange, and 3) tissues made up
of different cell types, for as a liver chip made up of
immunological, endothelial, and hepatocyte cells [3].
The capacity to represent the multicellular makeup
of each human tissue in the systems and arrange the
cells in scaffolds that simulate 3D tissue architecture
is a significant benefit of employing MPS. Several
preclinical assays for toxicity and efficacy screening
can currently be performed on human cells. However,
these assays frequently take place on two-dimensional
(2D) monocellular layers in static cell culture plates,
missing the multicellular, multidimensional, and
fluid-exchange characteristics of tissues in vivo (15).
Additionally, current developments in iPSC technology
enable the production of a range of organ tissues from
a single person’s skin fibroblasts, adipose tissue, and
blood cells, enabling the production of different organ
tissue types from the same donor (15).

The accuracy of treatments is improved by using
health data in precision medicine

The idea of precision medicine, in which each
individual would receive customized treatment for the
promotion, maintenance, and restoration of their health,
is becoming more and more significant in medicine,
toxicology, pharmacology, and biomedical science as
a result of the growing recognition (16). Due to the
current lack of “precision” in medicine, many patients
receive treatments that are not in their best interests,
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Fig 1. Several effective organ-on-a-chip applications and their accompanying functionalities.

biomedical applications are made possible by the organ-on-a-chip.
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which results in ineffective healthcare (16). For example,
for some medications with the most significant sales
worldwide, the total number of users required for just
one person to benefit from a drug’s benefits ranges from
5 to 50 (16). Even more concerningly, several people
are subjected to medical procedures that harm their
health (17). Due to negative drug responses, millions of
individuals are hospitalized annually, resulting in tens of
thousands of fatalities (17). By creating techniques that
can make therapy more accurate, hazardous and useless
remedies can be avoided, potentially enhancing patient
quality of life and lowering healthcare costs.

Linking an individual’s health-related data to
functional results in their response to specific therapies is
the main difficulty in precision medicine. To determine
which patients respond to which therapies, the typical
method is to employ patient-specific data gathered
from genomics, transcriptomics, imaging, biomarkers,
and biometrics, followed by longitudinal studies using
statistical and computational analysis. This strategy
is thriving and has produced outstanding instances of
precision medicine, such as choosing person-specific
therapies for cancer and lung disease, which may be
used in practice (18, 19).

Body-on-a-chip: multi organ system application
Clinical tests using chips for different patient subgroups
Abenefit of an organ-on-a-chip is that it may be filled with
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human cells, either from the central organ or from iPSC
sources. This enables the creation of an in vitro genotype
model for a particular person. Particularly in multiorgan
systems, as mentioned above, utilizing an individual’s
cells in MPS platforms enables secure and reusable
techniques for researching disease causes, medication
toxicity and effectiveness, off-target side effects,
metabolic drug profiles, and more. Before a therapeutic
is approved for use in a “first-in-human” clinical trial,
these data and outcomes must be carefully described
to minimize risk to any volunteer or patient. These
data and results are essential for supplying information
on the likely effects of drugs and therapeutics during
development. However, some patient groups may not
be eligible for clinical studies. For instance, individuals
with certain aggressive tumors may need more time to
engage in clinical trials before the disease progresses too
far to get therapies or benefit from them.

Moreover, for patients with uncommon diseases,
where a ‘“‘one-size-fits-all” medication development
procedure seldom helps distinct familial genetic
variations, the availability of clinical trials and the
difficulties of going to a facility where they can
participate may rule out the possibility entirely. All
patients may not even be able to sign up for a given
experiment because of eligibility limitations, especially
if they have already participated in studies. From a
broad perspective, the idea of “clinical trials on chips”
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may be beneficial for particular patient subgroups, and
modeling organs or humans on a chip would enable
the monitoring of known toxicity profiles, for example,
or the quantification of the efficacy of an experimental
drug in vitro before administration to a patien.

Drug screening and testing

Studying the reactions of various organs and tissues
to the administration of specific medications is essential
in medicine, as we have covered throughout this paper.
Several instances illustrate this idea (20). One typical
chemotherapy drug is 5-FU, used to treat colorectal
cancer. Unfortunately, 5-FU can have various adverse
effects on patients, including intestinal cell destruction.
Many prodrugs, including tegafur, have been developed
to decrease toxicity. Tegafur and other prodrugs are
inert when supplied; they only become active during
metabolism, typically carried out by hepatocytes in
the liver. Without using a metabolically active liver
organoid, data from in vitro prodrug drug trials are
probably utterly worthless. By creating a platform
with a liver and other organoids or tumors, it would be
possible to analyze the effects of the activated drug on
the downstream tissues or tumors once the prodrug is
metabolized (20).

Disease modeling

By simulating disease conditions on MPS, new
perspectives on pathologies and therapeutic options
are made possible. Using primary or induced stem
cell sources or genetic techniques to create a disease
phenotype that can be investigated in vitro against
an isogenic background, diseases might be mimicked
from patient donors.

Using tissue chips to study disease processes

Tissue chips have recently been used to represent
various disease conditions. For example, when
cultivated in 2D instead of 3D, malignant tumor cells
exhibit various phenotypes. The microenvironment
in which they are grown is a significant factor in
determining their behaviors, including development
and dissemination (21). The liver is an important site of
metastasis for many carcinomas and a binding site for
drug metabolism, making it an essential target for MPS
cancer modeling. Metastatic spread is a significant
cause of cancer-related mortality. According to Clark et
al., human liver tissues are cultivated for many weeks
in a liver bioreactor that can be seeded with carcinoma
cells that multiply and form tiny tumors. Notably,
the system demonstrated that some cancerous cells
entered a dormant state within the systems when used
to investigate the metastatic growth of breast cancer.
As microtumors can lay dormant for many years before
starting to grow again, this is a severe issue for human
populations (22-24).

Pers M |

Tissue chips can be used to discover more about
viral and bacterial infections. For instance, a “gut-on-
a-chip” platform was recently utilized to show how
human Caco?2 intestinal cells react to infection with
enterovirus coxsackievirus B1 in a two-chamber device
similar in design to the lung-on-a-chip. Understanding
the mechanisms of action of enteroviruses was made
possible by the authors’ demonstration of a viral
entrance, replication, and inflammatory cytokine
production in the epithelium. These two last examples
show how data from MPS were verified against well-
known clinical outcomes. It is a crucial step for the
field since it demonstrates the value of platforms for
understanding disease pathophysiology and developing
new treatments (25-27).

Patients with rare diseases could benefit from tissue
chip technology

Fewer than 5% of the over 7000 currently known rare
diseases have viable pharmacological therapy, which
makes treating people with rare diseases extremely
difficult for various reasons (28). However, MPS
technology may not only improve comprehension of
several understudied illnesses but also offer platforms
for evaluating repurposed current medications and
new drug screening techniques for therapies that are
already on the market (29). The use of a cardiac MPS
to represent the uncommon illness Barth syndrome,
which results in immunological deficiencies and cardiac
and skeletal myopathy owing to a mutation in the TAZ
gene, is one of the most well-known applications of
MPS platforms to date (30, 31). Wang and colleagues
used ‘muscular thin films’ (MTFs) of cardiac tissue on
elastomeric thin films that ‘twitch’ in a measurable way
as tissue contracts (30). The group created induced
pluripotent stem cells (iPSCs) from two individuals
with Barth syndrome, differentiated the cells into
cardiomyocytes, and then implanted and cultivated the
cardiomyocytes on the MTFs (30). The resultant MTFs
exhibited decreased peak and twitch stress, which
was consistent with the condition’s pathophysiology.
The scientists then demonstrated the effectiveness of
gene editing methods on MPS by “rescuing” a normal
phenotype in the tissue by introducing TAZ RNA
(30). Several rare diseases, including Hutchinson-
Gilford progeria syndrome, hereditary hemorrhagic
telangiectasia (HHT), Rett syndrome, and Alpers-
Huttenlocher syndrome, are currently being modeled
in MPS platforms, to the authors’ knowledge (32).

Tissue-based chips for precision medicine and clinical
trials

MPS in illness research can advance our knowledge
of a broad spectrum of diseases and pave the way
for potentially game-changing discoveries about
the causes and therapies of illness. The National
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Institutes of Health (NIH) in the US are funding a
program expressly for using the chips for disease
modeling with an investment of around $75 M over
the following five years. In other words, MPS might
be helpful tools for efforts in precision medicine. In
the future, the possibility of filling MPS with primary
or iPS cells from patients provides opportunities for
therapies that are personalized to an individual. Chips
might be utilized to simulate patient-specific tissues
for therapy evaluation. To represent pharmacogenetic
variability within populations, tissues with known
genetic polymorphisms might also be included in
chips. Furthering this idea, tissue chips allow for
population-wide variation by modeling genetic and
environmental characteristics, such as gender and
exposure to toxins or infectious agents. Together,
these opportunities pave the door for clinical trials
on chips in the future, allowing for testing both new
and existing medications on MPS. It might speed
up the medication development process by precisely
simulating population variance throughout preclinical
and early clinical trial stages, lowering the attrition
rate of potential treatments (33-35).

What kind of cells is suitable for tissue chips?

Cell sourcing is one problem that the profession is
now confronting. Currently, researchers have access to
primary tissues from donors, commercially accessible
immortalized cell lines, and iPSC sources (from
both commercial and donor sources) (36). There are
benefits and drawbacks to each of them. For instance,
readily accessible cell lines from the marketplace
make it easier for researchers to do their work.
Nevertheless, because of their prolonged culture,
these immortalized lines could have experienced
considerable genetic or epigenetic drift (37). For MPS
seeding, primary tissues from donors are preferred,
especially for rare disorders. They may only be
accessible in small quantities or from populations
with diseases, and they are challenging to acquire
from trim population levels. Depending on how long
it takes after death for tissues to become accessible,
it may be brutal or immoral to obtain healthy tissues,
or they may come from compromised dead donors.
Additionally, some tissues are challenging to get from
donors (i.e., nervous system tissue) (38).

Stem cells, significantly induced pluripotent
ones, are the most promising cell sources for MPS
platforms. Reprogramming different tissue types from
skin fibroblasts or blood cells (to form iPSCs) offers
exceptional prospects and numerous advantages over
primary cells (39). Technological advancements now
provide renewable cell sources for several tissues.
First, many tissue types may be produced by people,
and they are known as isogenic tissues since they all
have the same genetic makeup (40). Another benefit
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is that with the development of gene editing methods
like CRISPR, the production and genetic treatment
of tissues for monogenic or Mendelian illnesses is
achievable in ways that were before unimaginable.
Last but not least, the development of iPSCs
offers hope for wvalidating other population-wide
investigations like genome-wide association studies
(GWAS) (4D).

What materials use to create MPS?

The materials used to make chips offer great
design flexibility, but they also significantly impact
functioning. Since it is transparent and flexible,
polydimethylsiloxane (PDMS) is the perfect
material for MPS creation (42). It is also inexpensive
and straightforward to work within the lab (for
example, through soft lithography). However, it is
gas permeable and absorbs hydrophobic medicines
as well. It might reduce the amount of medication
that reaches tissues or pollute nearby microfluidic
channels or cell-containing chambers (42).

Additionally, the hydrophobicity of the substance
has been linked to poor cell adhesion in MPS devices,
which might cause cell aggregation and obstruct
fluidic flow. Researchers in a variety of methods
have addressed this problem. These include plasma
treating or coating the PDMS with proteins to limit
cell attachment and medication loss and oxidizing it
to produce a barrier layer of silicon dioxide on the
surface (43, 44,45).

Outlook

The idea of customized organs-on-chips is
anticipated to go from its current stage of academic
proof-of-concept investigations to confirmation in the
field of precision medicine during the next several
years (46). Suppose personalized organs-on-chips
can be shown to be helpful in guiding personalized
treatment and preventative efforts. In that case, they
are expected to become a crucial component of more
extensive medical advancements toward a more
predictive, preventive, personalized, and participative
field. A more thorough understanding of disease
mechanisms will result from a customized organ-
on-chip that includes a disease-related parameter
determined by observational studies, followed by an
experimental functional comparison with matched,
person-specific control organs-on-chips (46). This
comparative analysis could then lead to the discovery
of new drug targets and biomarkers. Finally, because
organ-on-chip systems are dynamic, it may be
feasible to create organs-on-chips whose cell culture
settings may be changed under precise control when
more recent or updated health information becomes
available. This might be crucial for evaluating how
well lifestyle modifications for prevention work (46).
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Key challenges

Because organs-on-chips are helpful in the preclinical
clinical domains, MPS technology offers significant
promise for PM initiatives. However, before the tools
can fully realize their promise, there are still issues to be
solved, as with every new technology. An NIH-funded
industry that has established two Tissue Chip Testing
Centers for platform validation initiatives is tackling
some of these difficulties, including technology transfer
across laboratories and the validation of assay results
from chips. The necessity for dependable, mature
cell sources to fill the chips and the development of
platform accessibility to a larger population are the
two more significant problems. Individualized chips
can be made for each person using iPS-derived cells
for cell sources. However, not every tissue in the body
presently has a differentiation pathway.

According to our predictions, highly complex single-
or multiorgan systems should continue to be helpful in
examining disease pathologies and drug mechanisms.
However, human training and implementation costs
for these sophisticated systems are higher. The
physical challenges of scaling organs and tissues
appropriately, perfusing tissues with the proper blood
mimic to supply tissue-specific nutrients, and linking
organs with functional vascularization while utilizing
the appropriate type of endothelial cell are among the
technical challenges facing the linkage of systems.

CONCLUSION

As instruments for modeling disease pathologies
and profiling pharmacological and therapeutic effects
in vitro, tissue chips provide previously unheard-of
chances to comprehend disease processes and treatment
effects. By creating “subpopulations-on-chips” and,
eventually, “you-on-a-chip,” these technologies will
support PM efforts in various ways. The field of PM is
still in its infancy. Nevertheless, if patient populations
are modeled ex vivo or therapies are evaluated in
people with particular genetic variants and genotypes,
the ability to employ tissue chips to mimic organ
systems in specific individuals will probably entail
more awareness in the coming years. This intriguing
and quickly developing subject has much promise to
help biomedical researchers and the pharmaceutical
industry understand how to cure some of the most
common and difficult-to-treat ailments of our day.
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Abstract:

Propiconazole is a systemic fungicide from the triazole group used to control a wide
range of diseases. This poison causes cellular, genetic and metabolic damage in
animals. A bone is a hard tissue whose content is constantly changing. Longitudinal
growth of the bone occurs through the growth plate, which is a cartilaginous
structure at the end of the body’s long bones. During puberty, while the growth
plate closes (ossifies), the longitudinal growth of the bone stops. This study aimed
to investigate propiconazole’s effect on growth plate width changes (including the
area of proliferating cells and the area of hypertrophied cells) in immature rats.
This experimental study was conducted on 12 immature male Wistar rats randomly
divided into control and propiconazole groups. The treatments were done by oral
gavage for 28 days. On the 28th day, the dead animals and the left leg femur were
separated for histomorphometric studies of the growth plate width of the femoral
epiphysis. Investigations were carried out by (Rasband Wayne, 40g.1. ver, Imagel,
USA, NIH), and the significance of the results was done by ANOVA analysis of
variance and Tukey’s test. The width of the growth plate in the propiconazole group
had a significant decrease compared to the control group (P = 0.0126), which is a
decrease in the width of the proliferating area (P < 0.001) and an increase in the
width of the hypertrophied area (P = 0.016). Propiconazole leads to a decrease in the
width of the growth plate of the femoral epiphysis of immature rats. It can be a factor
in disrupting the process of longitudinal bone growth and premature closure of the

growth plate.

INTRODUCTION

Bone tissue is an active and dynamic tissue whose
internal microscopic structure is constantly changing
and transforming by bone cells (osteoblasts and
osteoclasts), plate growth, (remodeling structure).
Cartilage is highly organized between the epiphysis and
bone (1). The diaphysis is at the end of the long bones
of the body, which is divided into horizontal areas of
chondrocytes (chondrocytes) in different stages of
differentiation (proliferating cells and hypertrophied
cells) (2, 3).

Longitudinal bone growth results from the
proliferation and differentiation of chondrocytes of
the growth plate, which affects the genetic factors,
hormones, growth factors, environment, and nutrition.
Growth plates are closed with puberty (the matrix of
chondrocytes becomes bone), and the longitudinal

growth of bone ends (4-6). Growth plates in mice
remain open for an extended period until after sexual
maturity and perhaps throughout the natural life span
of the animal. Propiconazole is a systemic fungicide
from the triazole group, which is used to control a
wide range of fungal diseases in agriculture, such as
rice sheet blight, wheat rust disease, and wheat spike
Fusarium (3, 7).

Propiconazole causes toxicity in animals and types
of tissues, leaves a wide range of biochemical effects
in non-lethal doses, and can cause cellular, genetic
and environmental damage (8, 9). Few studies have
been done on the effect of propiconazole on the bone
and cartilage tissue of the skeletal system (10-12).
During the analysis of propiconazole on chicken and
quail embryos, the teratogenic effects of this poison
on cartilage and bone growth have been reported (13,
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19). Also, in the study of a family that was mistakenly
exposed to this poison at home, it was found that
propiconazole, in addition to neurotoxicity and
endocrine, had destructive effects on the development
of the skeletal system of the children of this family,
including delayed calcification He pointed out the delay
in bone growth, cyst growth in bones, pathological
fractures and lack of response to bone grafting in the
children of this family (14-18).

In response to the question of whether contact with
propiconazole poison can lead to premature closure
of the growth plate, followed by delay or reduction of
longitudinal bone growth, the present study aims to
investigate the effect of propiconazole poison on the
epiphyseal cartilage (growth plate) of rats. It was done
prematurely.

MATERIALS AND METHODS
Provision of animals

In this experimental study, 12 four- to five-week-
old Wistar male desert rats (average weight 100 gr)
were obtained from the Faculty of Pharmacy of Tehran
University and transferred to the animal research
laboratory.

Grouping and storage conditions

Mice were randomly divided into two groups of six,
control and propiconazole. All the experiment stages
were carried out following the principles of bioethics
in the case of laboratory animals. During the research
period, the rats were placed under the same and standard
conditions in terms of light (12 hours of light and 12
hours of darkness), proper ventilation and temperature
(2242 ° C), and enough water and traditional food
(chaw rat standard) in Their choice was made.

Determination of drug concentration

The concentration of propiconazole used in this study
was chosen as 30 kg/mg based on previous studies (11,
17, 18). The injection of 30 kg/mg dose and even doses
of 25, 15, and 10 kg/mg led to the death of animals. The
reason for this could be the young age and immaturity
of the tested mice; as a result, they could not tolerate the
dose they consumed. Therefore, the dose of 5 kg/mg,
the non-lethal dose of propiconazole, were considered
in this research.

Preparation of medicinal dilutions

Propiconazole 95% from Shanghai Tosco Chemical
Co., Shanghai (China) was used to prepare the dosage.
Dilution was done using the formula C2V2=C1V1 and
corn oil as a solvent. The volume of propiconazole 0.5
ml with a dose of 5 mg/kg for the propiconazole group
and the same volume of corn oil for the control group
was administered by oral gavage for 28 days at 10 am
(20, 21).
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Sampling of tested animals

After completing this period, the animals were killed
in a desiccator following ethical principles. The left
leg’s femur was immediately removed for histological
studies (growth plate histomorphometry) to fix the cells
in 10% formalin for at least 24 hours. The time was
set. In order to soften the bone tissue (decalcification),
a 7% nitric acid solution was used for five days and
nights, and the solution was replaced daily. After the
decalcification, it was used to remove the effect of
nitric acid from 5% sodium sulfate solution and to
remove the effect of sodium sulfate from running water
for 24 hours (22, 32).

Histopathological study

In order to investigate the tissue changes resulting
from the treatments, histomorphometric studies were
performed on the slides prepared from the growth
plate tissue of the left leg’s epiphysis region of the
femur and with the help of hematoxylin-eosin (E&H)
staining. In this staining, which is a general staining,
the nuclei appear blue to purple, and the cytoplasm and
connective fibers appear pink (30, 31).

Measurement of epiphyseal growth plate width

In order to measure the width of the epiphyseal
growth plate in each group, the width in six tissue
sections different from that group and in three regions
of each section using ImageJ software, version 1.40g
(Wayne Rasband, USA, NIH) and on the prepared
photographs. The average of these values was measured
from microscopic sections and considered each group’s
width of the epiphyseal growth plate. The proliferating
cells’ width and the area of hypertrophied cells on the
growth plate were also measured in the same order in
each group (23).

Statistical analysis

One-way ANOVA was used for statistical calculations
using GraphPad Prism® software, version 6 (La Jolla,
CA 92037, USA). The averages were calculated as
SEM=*Mean, and their comparison was made with
Tukey’s multiple comparisons test. A significance level
of P<0.05 was considered. Also, the graphs were drawn
with the help of Microsoft Office Excel 2007 software.

RESULTS
Investigation of growth plate width

The average width of growth plaque, proliferating
area, and hypertrophied area in the propiconazole group
was 0.4278, 0.2317, and 0.2383 mm, respectively.
These values in the control group were 0.9200, 0.3417,
and 0.1950, Table (1).

Investigating the average width of the epiphyseal
growth plate

Examining the average width of the epiphyseal
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Table 1. The average width of the growth plate, the area of proliferating cells of the growth plate, and the area of hypertrophied cells of the

growth plate in the propiconazole group and the control group.

Variables Propiconazole group Control group P value
(standard deviation = (standard deviation +
mean) mean)
4278,1212 £ 0.0
Plaque growth width (mm) 9200,3787 + 0,0 0126,0
The width of the growing 2317,03125 £0,0 3417,02401 £ 0,0 0001,0
area of the growth plate
cells (mm)
The width of the area of 2383,02927 £ 0,0 1950,02258 + 0,0 0166,0

hypertrophied cells of the
growth plate (mm)

growth plaque of the tested groups showed a significant
decrease (P=0.0126) of the growth plaque width in the
propiconazole group compared to the control group
(Figure 1, 2, 3). The tested groups showed a significant
decrease (P<0.0001) in the width of this area in the
propiconazole group compared to the control group
(P<0.0166). the width of this area was observed in the
propiconazole group in comparison with the control

group (Figure 3).

DISCUSSION

The data obtained from the calculation of the
epiphyseal growth plate width of the tested groups
showed that propiconazole significantly reduced the
width of the growth plate (24). In the propiconazole
study on chicken and quail embryos, the teratogenic
effects of this poison on the growth of cartilage
and bones were reported by researchers (24). The
propiconazole teratogenic effects include the reduction
of the growth of the skeletal elements of the leg and
wing and the reduction of calcification in the leg
bones (24). Bone and delayed bone calcification due to
contact with poisons were reported in children exposed
to this poison. Few studies have been done concerning
the toxic effect of external factors on growth plate
closure and with mechanisms different from the effect
of propiconazole (25).

Researchers showed that in desert rats subjected to
intensive and long-term treatment with warfarin (from
birth to eight months), excessive mineralization of the
growth plate led to fusion and complete closure of the
growth plate of the tibia and the stop of longitudinal
growth (26). Height in these animals has become.
Warfarin, along with defects in the synthesis of
coagulation factors related to vitamin K in the liver,
causes a decrease in the amount of mineralization
inhibitory protein BGP, which requires vitamin K for
synthesis), leading to excessive mineralization and
closure of growth plaques. While the increase of serum
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BGP in kidney patients or rats without kidney causes
the growth plates to remain open (27).

Propiconazole causes a deficiency in the vitamin K
function and a decrease in the level of BGP, followed
by a disturbance in the inhibition of mineralization.
Also, propiconazole has a destructive effect on the liver
and hepatocytes. Propiconazole causes The fusion of
the growth plate and a decrease in its width. This effect
is different in each mouse compared to another mouse,
which indicates the difference in the response of the
body of people and is a personal medical approach. Of
course, this hypothesis is against the oxidative effect of
propiconazole on bone and cartilage cells (28). Growth
plate areas have distinct morphological and biochemical
characteristics controlled by growth factor signaling
pathways. The destructive effect of propiconazole on
mitochondrial membrane transmission, vacuolation,
and swelling of mitochondria in the liver and heart
of desert mice, destruction of cytochrome P450 and
microsomes in human liver, changes in liver enzymes
and biochemical indicators of hepatocytes has been
proven (29).

Mitochondria are the first organelles that are affected
by propiconazole toxicity. Mitochondrial changes
caused by propiconazole are an indicator of increasing
the cell>s need for energy to overcome toxicity effects
(27-29). Considering the significant presence of
mitochondria in the growth plate’s multiplying area
and these organelles’ role in energy production, it can
be hypothesized that the reduction of energy in these
cells due to oxidative damage caused by propiconazole
causes disruption in the process. Proliferation and
the following stages of cell differentiation for the
transition from proliferative state to mature and
hypertrophied state. The destruction of other cell
organelles membranes, which leads to a decrease in the
synthesis of the intercellular matrix, can be a reason for
the decrease in the width of the proliferating area in the
present study. The hypertrophied area’s width increase
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Growth plate

A

B C

Figl. The growth plate of the lower femoral epiphysis of a rat and its different areas with E&H staining. A) growth plate with 10X
magnification. B) magnification 100X. C) the region of proliferating cells and hypertrophied cells, 200X magnification.

Fig2. The growth plate cartilage of rat femoral epiphysis with E&H staining. Three selected areas for calculating the average growth plate

width in the tested groups are marked with dark lines.

C

D

Fig3. A-D) tissue sections of the epiphyseal growth plate and proliferating and hypertrophied areas (one sample from six selected samples
from each group) with hematoxylin-cosin staining. A, B) control group. C, D) Propiconazole group.

in the treatment with propiconazole can be attributed
to this poisoning effect on the maturation and apoptosis
of chondrocytes in this area and the disturbance in the
process of chondroclastogenesis and calcification of
the growth plate. In this case, propiconazole exerts its
destructive effect by destroying the cell membrane of

organelles (30).

Using transgenic mice with defects in vitamin D
absorption, researchers stated that the width of the
growth plate of the tibia increased in these mutants.
In the present study, propiconazole, while destroying
osteoclasts and chondroclasts and inhibiting osteo/
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chondroclastogenesis, has increased the hypertrophied
area’s width (31, 32). Achieving more accurate
results requires conducting experiments at the
cellular and molecular level (including measuring
serum malondialdehyde levels as the final product
resulting from lipid peroxidation of cells in bone
tissue, measuring fluctuations in calcium, phosphorus,
vitamin D metabolites, parathormone, sex hormones
(FSH), LH, Estradiol (Testosterone), measuring
biochemical markers of bone changes including
osteocalcin, osteoprotegerin and alkaline phosphatase
of bone tissue and bone resorption markers, measuring
bone mineral deposition rate (MAR) Apposition
Mineral and estimating the amount of spongy bone
that develops along the growth plate should be done by
three-dimensional color maps to observe the decrease
or increase in the thickness of this area, which shows
the degree of calcification of the growth plaque (32).

CONCLUSION

Considering the histopathological effects of
treatment with propiconazole in rat bone tissue, it is
possible to point out the possibility of such cytotoxicity
in farmers and people who are in regular contact with
this compound and the need to take care and observe
protective coatings to prevent the poison from entering
the body. The body will lead to bone disorders and
reduced or delayed skeletal growth due to their natural
tendency to explore the surrounding environment
by putting various objects in their mouths and being
contaminated by direct contact with contaminated
surfaces, floors, and air. In addition, the physiological
characteristics of children, such as the high
consumption of water, food, and air per unit of their
body surface, can aggravate the risk and harm. It is also
necessary to protect pregnant mothers. Based on the
results from the histomorphometric studies, it can be
concluded that propiconazole leads to a decrease in the
width of immature rats’ growth plates of the femoral
epiphysis. Propiconazole can disrupt the longitudinal
bone growth process and cause the growth plate to
premature closure.
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Abstract:

Severe acute respiratory syndrome (SARS) coronavirus 2 (SARS-CoV2) leading to
COVID-19 has initiated a catastrophe for humans since December 2019. Genetic
and protein similarities between SARS-CoV and SARS-CoV2 offer the same
treatments for both types of virus. However, there are some sequence or structural
differences between SARS-CoV2 and SARS-CoV as well as other coronaviruses that
make difficulties in discovering drugs and vaccines against this novel type of virus.
Therefore, it is vital to recognize protein and genetic structures of SARS-CoV2 to
discover drugs which directly target this strain of coronavirus. This review presents a
perspective on SARS-CoV2, it’s genetic and protein structures with a brief comparison
with other coronaviruses as well as summarizing some immune responses activated
against SARS-CoV2. In addition, it introduces the novel strategies to combat with

COVID-19 that would be potentially effective on SARS-CoV2.

INTRODUCTION

Coronavirus is one of the most crucial infectious
agents causing respiratory, gastrointestinal, liver and
central nervous system infections in humans and
vertebrates such as birds, bats, mice and other wild
animals (1). Coronaviruses as the members of the
Coronaviridae family and the Coronavirinae subfamily
have a single RNA strand and spike glycoproteins
protruded from the virus envelope (2). The
Coronaviridae family is classified into four groups, a,
B, 9, and v, also B type is divided into four types A, B, C,
and D (Table 1) (1). Previously, Sever acute respiratory
syndrome (SARS) and Middle east respiratory
syndrome (MERS) caused pandemics from animal to
human and from human to human in 2002/2003 and
2012, respectively (3). Recently, a novel Coronavirus,
2019-nCoV, or SARS-CoV2, which leads to acute and
severe respiratory symptoms and COVID-19 disease,
has broken out firstly in Wuhan, China and then spread
out in other provinces/regions of China and many
countries in other continents where reported high rates
of death (1, 3). Compared to SARS-CoV, SARS-CoV2
is responsible for higher mortality in people with age
of over 60 as well as people with diabetes and/or
hypertension (4). Recognition of genetic and protein
structures of the SARS-CoV2 and identification of the
differences between coronaviruses can be effective in

discovering novel drugs and strategies against SARS-
CoV2. Recently, researchers have attempted to figure
out a novel drug or vaccine for treatment of COVID-19.
This review presents a perspective on SARS-CoV2,
it’s genetic and protein structures with a comparison
with other coronaviruses as well as detecting immune
responses activated during infection and summarizing
the novel discoveries on SARS-CoV2 that may be
effective for COVID-19 therapy.

Source of SARS-CoV2

Genetic  comparison of SARS-CoV2  with
coronaviruses derived from five wild animals, Paguma
larvata, Paradoxurus Hermaphroditus, Civet, Aselliscus
stoliczkanus and Rhinolophus sinicus demonstrated less
than 75% homology in terms of total genome sequence,
ORFla, ORFlab and spike (S) protein. However,
compared to Bat-Coronavirus RaTG13, SARS-CoV2
indicated more than 96% similarity in terms of total
genome sequence, ORFlab, Nucleocapsid (N) and S
proteins (5-7). It has also been shown that various species
of animals, exception of Rat and mice, are involved in
the 2019-nCoV infection as intermediate hosts (8). The
conserved structure of the SARS-CoV2 receptor in
humans and animals such as fish, amphibians, birds,
reptiles and mammals suggests that these creatures can
be identified as the hosts of the virus (9).
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Table 1. Coronaviridae family and several types of coronaviruses in human

Coronaviridae Types of Coronaviruses Features
a Coronaviruse HCOV-229E Mild cold
HCOV-NL63
p Coronaviruse A HCOV-0OC43 Mild cold
HCOV-HKU1
B SARS-COV Acute respiratory syndrome
SARS-COV2
C MERS-COV Acute respiratory syndrome
D - -

& Coronaviruse -

v Coronaviruse -

SARS-CoV2 entry to host cell

SARS-CoV2 implicates the specific receptor and
several co-receptors for cell entry. It uses angiotensin
converting enzyme 2 (ACE2), as a surface receptor and
also dipeptidyl peptidase 4 (DPP4) and mammalian
glutamyl aminopeptidase (ENPEP) as co-receptors
for binding, membrane fusion, and cell entry. S
glycoprotein which have been protruded from the virus
envelope also mediates binding and membrane fusion
(10) whereas MERS tends to bind to DPP4 / CD26 as
co-receptors on the surface of respiratory tract cells
and lymphoid tissues for binding, membrane fusion,
and cell entry (11-13). Totally, various strains of
coronaviruses implicate different types of receptors for
entry into the host cells as SARS-CoV, SARS-CoV2
and HCoV-NL63 use ACE2, and MERS-CoV and
other coronaviruses use aminopeptidase N (ANPEP)
and DPP4 (4).

Structure and Function of ACE2

The specific function of ACE2 is defined by it’s
structure which is consisted of several domains with
several amino acid sequences (14). Figure 1A shows
the protein structure of ACE2.

The ACE2 receptor and co-receptors are highly
expressed in lung, liver, kidney, heart, stomach,

intestine, ileum and oral cavity epithelial cells (10,
15)15</style>. In recent studies, the ACE2 receptor
has also shown high expression in cholangioyte,
myocardial, and bladder cells (4). Despite these
tissues expressing ACE2 highly, the primary target of
the SARS-CoV2 is AT2 cells in the lung tissues (10).
The critical role of ACE2 is angiotensin maturation, a
peptide hormone involved in regulating blood pressure.
ACE2 also acts as a chaperone for the membrane
trafficking of the BO AT1 amino acid transporter. This
transporter is implemented in transferring neutral
amino acids to intestinal cells in a sodium-dependent
pathway (16). Moreover, ACE2 recruits BOAT1
aminoacid transporter to form ACE2 / BOAT1 complex
which binds to the S protein for membrane fusion and
virus entry into the host cells (17). Therefore, this
proposes that BOAT1 may be considered as a potential
therapeutic target to design drugs.

Structure and function of SARS-CoV2 S glycoprotein

S glycoprotein of SARS-CoV2 binds to the
various host cell targets such as ACE2, CD26, Ezrin,
Cyclophilin, and other adhesion molecules (18). S
glycoprotein is a trimer with 1273 amino acid which is
consisted of two subunits in each monomer, subunitl
(S1) in N-ter and subunit2 (S2) in protein C-ter, that are

A
N-ter — PD " “‘\““ 40 Amino acid Cer
Trans-membrane Intracellular
helix segment
B
N-ter — NTD . RBD
329 521 681 1273
| J\ )
| |
S1 Subunit S2 Subunit

Figl. The protein structure of ACE2 and Spike protein. A) The protein structure of ACE2, B) The protein structure of Spike protein.

15


http://Qi F, Qian S, Zhang S, Zhang Z. Single cell RNA sequencing of 13 human tissues identify cell types and receptors of human coronaviruses. Biochemical and biophysical research communications. 2020.

http://Guzzi PH, Mercatelli D, Ceraolo C, Giorgi FM. Master regulator analysis of the SARS-CoV-2/human interactome. Journal of Clinical Medicine. 2020; 9:982.

http://Qi F, Qian S, Zhang S, Zhang Z. Single cell RNA sequencing of 13 human tissues identify cell types and receptors of human coronaviruses. Biochemical and biophysical research communications. 2020.

Chen W-H, Strych U, Hotez PJ, Bottazzi ME. The SARS-CoV-2 vaccine pipeline: an overview. Current tropical medicine reports. 2020;1-4.

http://Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, Zhang Q, Shi X, Wang Q, Zhang L. Structure of the SARS-CoV-2 spike receptor-binding domain bound to the ACE2 receptor. Nature. 2020;1-6.

http://Qi F, Qian S, Zhang S, Zhang Z. Single cell RNA sequencing of 13 human tissues identify cell types and receptors of human coronaviruses. Biochemical and biophysical research communications. 2020.

Shetty AK. Mesenchymal stem cell infusion shows promise for combating Coronavirus (COVID-19)-induced pneumonia. Aging and disease. 2020; 11:462.

Chen W-H, Strych U, Hotez PJ, Bottazzi ME. The SARS-CoV-2 vaccine pipeline: an overview. Current tropical medicine reports. 2020;1-4.

http://Qi F, Qian S, Zhang S, Zhang Z. Single cell RNA sequencing of 13 human tissues identify cell types and receptors of human coronaviruses. Biochemical and biophysical research communications. 2020.

Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q. Structural basis for the recognition of SARS-CoV-2 by full-length human ACE2. Science. 2020; 367:1444-1448.

Yi Y, Lagniton PN, Ye S, Li E, Xu R-H. COVID-19: what has been learned and to be learned about the novel coronavirus disease. International journal of biological sciences. 2020; 16:1753.

Vankadari N, Wilce JA. Emerging COVID-19 coronavirus: glycan shield and structure prediction of spike glycoprotein and its interaction with human CD26. Emerging microbes & infections. 2020; 9:601-604.


Saghar Yousefnia

effective in binding and fusing the virus into the host
cell, respectively. Each monomer is about 180KD and
contains a receptor binding domain (RBD) (Figure 1B)
(19,20). RBD domain of S subunit has two up and down
conformations; the up and the down modes are related
to the available and unavailable configuration of the
receptor, respectively. Initially, subunit S1 is bonded
to the ACE2 and thus changing the conformation
causes S1 to shed off and S2 to convert to the stable
conformation (21, 22).

To better understand, when the S1 subunit is bonded
to the ACE2, the Heptad Repetition 1 (HR1) and HR2
domains of S2 subunit interact together and make six-
helix bundle which brings the host cell membrane and
the virus closer to fuse and enter the host cell. In HR1
domain, there are several mutations that increase the
HRI1 affinity to interact with HR2. For this reason,
the affinity of the SARS-CoV2 is higher than other
coronaviruses to interact with the host cell membrane
23).

Activation of S protein occurs in two stages of
cleavage. In the first step, the RBD of S1 subunit binds
to the peptidase domain (PD) of ACE2, directly. Thus,
changing the protein conformation causes S1 and S2
to separate and S2 is then exposed and broken down
by peptidase. Following this, protein reaches to a
stable conformation which is necessary for membrane
fusion and viral infection (16). In the second step, S
protein is subjected to more cleavage by one or more
host cell proteases such as Furin, trypsin, cathepsins,
transmembrane protease serin protease-2 (TMPRSS-2)
and TMPRSS-4 or human airway trypsin-like protease
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(HAT). Studies on SARS-CoV2 indicate that the
virus enters the host cell through endocytosis which
is mediated by TPC2, PIKfyve, and cathepsin L.
Compared to SARS-CoV, S protein of SARS-CoV2
is less stable (24). Research on S protein recommends
using spike glycoprotein as a primary target for vaccine
and therapeutic antibodies.

SARS-CoV2 Genome and proteins

Coronaviruses have the largest genome (26-32Kb)
among RNA viruses that it is almost 29.8 kb to 29.9
kb in SARS-CoV2. SARS-CoV2 has a single RNA
strand with a 5° cap and a 3’ poly A structure. 5’ region
of RNA encodes Orflab polyprotein which is cleaved
into non-structural proteins (nsps 1-16) and 3’ region
of RNA encodes structural proteins such as spike (S),
envelope (E), membrane (M) and nucleocapsid (N)
proteins as well as encoding accessory proteins such as
Orf3a, Orf6, Orf7a, Orf7b, Orf8, HE protein, Orf3a/b
and Orf4a/b protein which play a critical role in the
virus replication and contagious (1, 7, 25). Majority of
the SARS-CoV2 genome encodes more than 20 types
of proteins which are required in RNA replication and
gene transcription in infected cells. Table 2 presents the
several types of proteins encoded by both SARS-CoV2
and SARS-CoV. Once virus enters the host cells, it
begins to mutate, generating changes that mostly occur
in five major genes including genes encoding N, S,
Orf8, Orf3a, and Orflab proteins. Furthermore, 42%
of the mutations are well-known as a non-synonymous
mutation (5). Several 3’-5’-exoribonuclease enzymes
which provide proofreading ability for coronaviruses,

Table 2. Types of proteins encoded by both SARS-COV2 and SARS-COV.

Protein name Function References
Nspl-nspl6 Protease, Replicase, Ribonuclease, 57)
Ribose methyltransferase
Spike (S) protein Membrane fusion, entry into host cell 25)
Nucleocapsid (N) protein Structural protein 25)
Membrane (M) protein Structural protein (25)
Envelope (E) protein Structural protein (25)
Orfla/ab Polyprotein cleaved into nsp1-nspl6 25)
Orf3a/b Pathogenicity, Inhibition of IFN (17)
expression, Genome maintenance, Virus
replication
Orf4a/b Genome maintenance, Virus replication (58)
Orfo6 Production of type I IFN and inhibition 59)
of signaling
Orf7a Increase in NF-kf, JNK, p38 MAP 59)
kinase, Inhibition of host translation,
Induction of apoptosis and cell cycle
arrest
Orf7b No known function 59)
Orf8a/b Trigger intracellular stress pathways 59)
HE protein, 3a/b and 4a/b protein Genome maintenance, Virus replication (58)
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distinguish them from other RNA viruses (1).

One of the most crucial conserved proteins in
coronaviruses is main protease (MP®) or 3C-like
protease (3CLP™@) with 306 amino acids. MP® is
required to replicate and process the viral functional
proteins (2). Primary role of the MP™ is cleavage and
activation of two viral polyproteins called PP1A and
PP1AB as well as cleaving 11 sites in Replicase 1ab.
The cleavage sites identified by MP© are Leu-Gln (Ser,
Ala, Gly) ( presents the cleavage site) (26). In addition,
research on the three-dimensional structure of SARS-
CoV2 protease has shown nearly 96% similarity with
SARS-CoV protease. Also, the cleavage site of Mr®
has been conserved among the proteases in different
types of coronaviruses. This suggests that inhibitors of
the SARS-CoV protease could have a similar effect on
SARS-CoV2 MP® or 3C-like protease. Among well-
known protease inhibitors, Ladipasvir and Velpatasvir
can be hypothetically effective on SARS-CoV2
without any side effects (27). In addition, creating
some alterations in chemical structure of protease
inhibitors in order to protect host cell proteases from
cleavage, can provide a vital step to modulate a safe
anti-SARS-CoV2 drug with the least side effects. For
instance, Peptidomimetic a-ketoamide endures some
alterations in it’s chemical structure through hiding the
P2-P3 amide bond in the pyridone ring. Moreover, in
this molecule, less hydrophobic groups are replaced by
hydrophobic groups to increase solubility and reduce
binding ability to plasma proteins (26).

Additionally to the catalytic residues His 41 and
Cys 144 of the protease, research on the active site
of 3CLre protease in SARS-CoV has found four
novel main amino acids (PDEV) for protease activity
that mutations and changes in these amino acids can
greatly reduce protease activity. This proposes that
intra-molecular dynamic changes in protein-substrate
interaction may impair protease activity. Discovering
novel and important amino acids in the active site
of proteases can provide more effective sites for the
design and development of protease inhibitors (28).

Comparing SARS-CoV2 genome and proteins with
other coronaviruses

SARS-CoV2 has almost 89% and 96% nucleotide
identity with SARS-CoV and Bat coronavirus,
respectively (16). Genomic analysis has detected that
slow codons and slow di-codons (codons without
cognate tRNA gene) are lower in both SARS-CoV2
and SARS-CoV, thus the rate of protein synthesis is
faster in comparing with other coronaviruses (29). In
spite of high homology, comparing SARS-CoV2 and
SARS-CoV genetic sequence, identified six regions
of difference (RD), RD1, RD2 and RD3 (448nt,
55nt, and 278nt, respectively) in the ORFlab coding
gene, RD4 and RD5 (315nt and 80nt, respectively)
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in the S protein coding gene, and RD6 (214nt) in
ORF8 and ORF7b coding genes (30). These different
regions can be considered as diagnostic molecular
markers and implicated to develop novel drugs
against SARS-CoV2. Research on sequences, genome
variations, and comparison of SARS-CoV2 with other
B-coronaviruses, MERS, and SARS, identified at least
two hyper-variable genomic hotspots in the SARS-
CoV2. In spite of the low rate of variation in SARS-
CoV2, one of the genome variations (C / U) is Ser /
Leu84 in the protein encoded by ORFS. Comparison
of ORF8-S with ORFS8-L has shown that ORF8-S
leads to some structural alterations in protein C-ter.
It can also provide a new phosphorylation target
for host cell Ser / Thr kinases. The other genome
variation is a synonymous variation (U / C) encoding
Serin 2839 in a protein encoded by ORFlab (31).
Furthermore, comparing the SARS-CoV2 genome
with Bat-coronavirus and SARS-CoV also confirmed
the replacement of a Ser to Gly in position 543 of the
nsp2 protein encoded by ORF1ab. This variation plays
a vital role in increasing the contagious ability of the
SARS-CoV2. The other identified protein variation
occurring near phosphatase protein and playing a
key role in replication of the viral genome, is a prolin
located at 192 of the nsp3 in SARS-CoV?2 instead of
polar and apolar amino acids in Bat-coronavirus and
SARS-CoV, respectively. This variation recommends
a potent strategy to diagnose and distinguish SARS-
CoV2 from SARS-CoV (32). Identification of the
amino acid differences in the protein sequences of
SARS-CoV2 could help to discover novel antiviral
drugs and strategies to combat with COVID-19 (31).
Comparing the sequences of S1 and S2 subunits
in SARS-CoV2 S glycoprotein and SARS-CoV
shows 91% and 55% similarity in S2 and S1 subunit,
respectively. On the one hand, amino acid different
regions in the S2 subunit of viruses are included
677-690, 877-884 and 930-943, whereas 570-1278
region is considered as a similar one. On the other
hand, the amino acid differences in the S1 subunit of
the SARS-CoV2 and SARS-CoV are located at 01-
550 region (18). Moreover, four insertion sequences
in SARS-CoV2 have been identified in comparing
with SARS-CoV that three sequences are common in
Bat coronavirus RaTG13 S glycoprotein. These four
insertion sequences are GTNGTKR in subunit SI,
YYHKNNKS in subunit S2, GDSSSG in subunit S3,
and QTNSPRRA in subunit S4 (33)Protein structure
and sequence reanalysis of 2019-nCoV genome refutes
snakes as its intermediate host and the unique similarity
between its spike protein insertions and HIV-1. Also,
there are some differences in glycosylation sites in two
strains of virus which can lead to diverse responses of
SARS-CoV2 to anti-SARS-CoV drugs (18). In spite of
these differences, there are several similar sequences
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Table 3. Types of variations in SARS-COV2 in comparing with SARS-COV and MERS-COV.

Gene/Prote Variation type Variation Variation effect References
in name
ORF8 Non-synonymous 84Ser/Leu Structural deviation in C-ter 31
Novel phosphorylation site for Ser/Thr
kinase of host cells
ORF1ab synonymous Serin 2839 - 31
ORF1ab/N Non-synonymous 543Ser/Gly High ability of contagious 32
sp2
Nsp3 Non-synonymous 192Prolin/Polar, Possible role in virus replication 32)
Apolar AA
S1 subunit Insertion GTNGTKR - 33)
S2 subunit Insertion YYHKNNKS - 33
S3 subunit Insertion GDSSSG - 33
S4 subunit Insertion QTNSPRRA - 33
RBD Non-synonymous Glycyl loop/ prolyl - )
loop
RBD Insertion F486 Strong interaction of RBD with ACE2 )]
N protein Non-synonymous 37S/P <215 G/S <243 - )
G/S 267A/Q
S protein Insertion 680PRRA Proteolytic cleavage of S protein by )

cellular protease
High ability of contagious

that provide conserved structures between SARS-
CoV2 and SARS-CoV, offering the same targets with
different molecular interactions for both viruses.

Although comparing RBD domain of SARS-CoV2
and SARS-CoV has shown 28% variations in amino
acid sequences, they are structurally too similar. A
sequence difference in RBD domain of both viruses
is a loop of Glycyl residues in SARS-CoV2 instead
of prolyl residues in SARS-CoV. Furthermore,
phenylalanine F486 in RBD domain of the SARS-
CoV2 leads to strong interaction with ACE2 receptor
through interacting phenylalanine with hydrophobic
pocket in ACE2. It can be the other reason for greater
affinity of SARS-CoV2 to bind to the host cell in
comparing with SARS-CoV. Therefore, the usage of
antibodies and inhibitors which prevent RBD from
binding to the ACE2 can be applied as a combating
strategy against SARS-CoV2 (9).

Comparing N proteins of SARS-CoV2 and Bat-
coronavirus has shown four different amino acids in
37S/P,215G/S,243 G/S and 267A/ Q, respectively.
Also, 33 different amino acids are located at the
regions of 439-449 and 482-505 in SARS-CoV2 S
protein. An insertion peptide (PRRA), which is located
at amino acid 680 of S protein in the SARS-CoV2,
may be involved in contagious ability of the virus and
in proteolytic cleavage of the S protein mediated by
cellular proteases. In addition, 103 different amino
acids have been known in 919-1227 region of Orflab
protein (5). Table 3 presents types of variations in
SARS-CoV2 in comparing with SARS-CoV and
MERS-CoV.
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Despite the amino acid differences in the S protein,
there are no structural differences in the protein
between both strains of virus. This suggests that
inhibitors of SARS-CoV S protein could also be used
as inhibitors of SARS-CoV2 S protein. Although
there are some similar epitopes in both viruses, there
are numerous antigenic differences between them
(34). These variances could provide an opportunity to
develop novel and more effective drugs and vaccines
against SARS-CoV2. The similar epitopes are well-
known as RISNCVADY, CVADYSVLY, RSFIEDLLF,
RVDFCGKGY, MTSCCSCLK, VLKGVKLHY,
whereas different epitopes are KTSVDCTMY,
STECSNLLL, ECSNLLLLQY, and LTDEM. In
addition, diverse glycosylation sites in S glycoprotein
of SARS-CoV2 are NGTK, NFTI, NLTT and NTSN,
whereas common and conserved glycosylation sites
are NITN, NGTI, NFSQ, NESL, NCTF and NNTV in
both types of viruses (34).

Immune responses to SARS-CoV2

Once entering the host body, the virus is detected
by the innate immune system through C-type-lectin-
like receptors, Toll like receptors (TLRs), NOD-like
receptor (NLR), and RIG-I-like receptor (RLR). It also
activates either inflammatory factors or the synthesis of
INFs, however, the viral N protein causes the virus to
escape from the host’s immune response. The critical
role of C3a and C5a complement factors has also been
demonstrated in combating against viruses (17). In
the next step, CD4+ T and CD8+ T adaptive immune
response cells are activated to secrete antibodies and
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cytokines and kill the virus directly. However, SARS-
CoV2 escapes from the adaptive immune system
through inducing apoptosis in T cells. Consequently,
high levels of immune responses and high levels of
free radicals produced by immune cells can damage
lungs and other organs, which thus lead to death (17).
Cytokine storm is an over-activated and severe form
of inflammatory and immune response in which a
large amount and variety of cytokines such as TNFa,
IL-1B, IL-2, IL-6, IFNa, IFNf, IFNy and monocyte
chemoattractant protein-1 (MCP1) are involved in
combating against infectious agents like SARS and
MERS. In response to the cytokines, immune cells
produce large amounts of free radicals, which can lead
to severe lung damage (17).Analyzing various cells in
particular cells around the viral target also demonstrates
the key role of macrophages in immune defense during
COVID-19 disease through triggering chemokine
signaling pathways and phagocytosis which are
mediated by interacting with ACE2-expressing cells
(10) Immunoinformatics studies on viral epitopes of
SARS-CoV2 have identified five and three epitopes in
glycoproteins for detection by cytotoxic T cell (CTL)
and sequential B cell, respectively, as well as identifying
five epitopes for discontinuous B cell detection. CTL
epitopes are able to attach to MHC class I through
multiple interactions which mediate activation of the
immune responses. Consequently, Some epitopes may
be recommended as targets for developing SARS-
CoV2 wvaccines (35).Additionally, during a virus
attack, cell death or apoptosis occurs in order to kill
infected cells as an antiviral defense mechanism. It has
been shown that the expression level of myeloid cell
leukemia 1 (MCLI), a positive apoptotic regulator,
which regulates mitochondrial apoptotic responses,
greatly increases during coronavirus infection.
Therefore, by interacting with Orf7a, MCL1 can
trigger apoptosis in infected host cell and induce death
in both host cell and virus (11). In addition, there are
some defense mechanisms regulated by host cells that
help to immune cells indirectly to deal with infectious
agents. For instance, eukaryotic translation elongation
factor 1 alpha 1 (EEF1A1) playing a critical role in
transmitting tRNA to the ribosome, is down-regulated
during B-coronaviruses infection (11). The other down-
regulated protein, GRAIL, is an E3 ubiquitin ligase
that indirectly triggers an antiviral immune response
to RNA viruses. TMPRSS?2 is the other protein which
is down-regulated in SARS-CoV infection as well
as in other B-coronaviruses and plays a vital role in
interaction with the viral S glycoprotein (11).

Drugs and vaccines against SARS-CoV2

Recently, many efforts have been implemented to
develop novel drugs such as remdesivir, GS- 441524,
protein inhibitors and vaccines for combating against
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coronaviruses (36, 37). However, various types of
vaccines targeting SARS-CoV2, may have several
advantages, disadvantages, and challenges. Overall,
antiviral vaccines are included in the whole virus, the
recombinant protein, and the nucleic acid vaccines (4).

One major challenge with making coronavirus
vaccines is the adverse immune responses such as
eosinophilic infiltration and infection which may occur
after immunosuppression of the entire virus or complete
spike protein. Also, efforts have been made to develop
a vaccine against SARS-CoV2, similar to Ebola or
Flu vaccines, which use the adenovirus as a vector.
Totally, these vaccines consisted mainly of SARS-
CoV?2 proteins and codon deoptimization technology
has also been used to reduce virus activity (4). There
are both upsides and downsides in using the whole
virus vaccine. One of the most important beneficial
aspects is stimulation of TLRs such as TLR3, TLR718
and TLR9, whereas one problem with this vaccine is
it’s greater infectivity. Protein vaccine is one of the
other types of vaccines which either creates immune
responses against spike proteins of the virus in order to
prevent them from binding to the ACE2 receptor, or is
a recombinant S protein in seudo-virus nanoparticles.
The other type of protein vaccine which has recently
been tested, is subunit vaccine that includes a subunit
of S protein with only one RBD. One positive point
of subunit vaccine in particular RBD-based vaccine, is
minimizing unwanted immune reactions as well as high
level of safety. Today, DNA and RNA vaccines with
various modifications are being studied to improve the
activity of nucleic acid vaccines in humans (4).

A recent study on COVID-19 vaccine confirmed that
the usage of vaccine adjuvant toll like receptor agonists,
which had previously been an efficient adjuvant in
the SARS-CoV vaccine, could be combined with S
proteins as a potent effective vaccine for COVID-19
without eosinophilic infiltration with cytokine Thl
/ 17 responses, whereas S proteins attached to gold
nanoparticles as adjuvants can lead to eosinophilic
infiltration as well as creating strong cytokine/ IgG
responses (38).

Recently, numerous studies on synthetic vaccines
in particular synthetic epitope vaccines have highly
been implemented. A highly conserved amino acid
sequence among coronaviruses like SARS-CoV2, is
KRSFIEDLLFNKVYV, which is also attributed to the
region around a cleavage site in the SARS virus. This
amino acid sequence is critical for the virus entry and
can be suggested as a synthetic epitope vaccine (39).

Different studies have reported variety of potent
treatments and methods for COVID-19 therapy. The
best treatment for patients with severe symptoms
is cytokine storm treatment or immunosuppression
such as using Corticosteroids, Tocilizumab and Anti-
IL-6. Although, usage of steroids may have many side
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effects, say, avascular osteonecrosis, a low dose is
recommended (17). Furthermore, it has been reported
that mesenchymal stem cells (MSC) implantation
which are well known as strong immunomodulatory
cells, have been resulted in improvement of disease
through increasing peripheral lymphocytes, decreasing
C reactive protein (CRP), as well as elevating activity
of cytokine-secreting immune cells such as CXCR3
+ CD4 + T, CXCR3 + CD8 + T CXCR3 + NK cell,
increasing CD14 + CD11¢c + CD11bmid regulatory
DC cells and TNFa and decreasing IL-10. MSCs
are ACE2- and TMPRSS?2-, therefore, they can be
considered as safe and effective cells for treatment
of COVID-19 pneumonia patients (15, 40). Recently,
research has been applied to design and manufacture
antibodies to treat COVID-19. Although, various
monoclonal antibodies used for SARS-CoV cannot
be used and effective for this novel type of virus,
recently, an antibody isolated from SARS patients
called CR3022 may target either receptor binding
sites or conserved epitopes in both SARS-CoV and
SARS-CoV2. The function of CR3022 depends on
the conformation of RBDs in the S glycoprotein.
Once at least two RBDs of trimeric S protein are in
the up conformation, epitope will be available for
CR3022 (41). SARS-CoV antibodies such as m396
and CR3014 target the various epitopes on RBD of
S glycoprotein in ACE2-binding site, however, they
cannot be attached to SARS-CoV2 S protein. This
suggests that there are some potent sequence or
structural differences between RBDs of SARS-CoV
and SARS-CoV2 (42). In addition, a recent study on
the treatment of COVID-19 has shown that the usage
of high-dose intravenous immunoglobulin (IVIG) can
be introduced as a satisfactory treatment (43).

On the other hand, it has been reported that HIV-
1 protease inhibitors such as Lopinavir, sequinavir,
ritonavir can have a strong interaction with activate
site of SARS-CoV2 protease. Among the twenty
compounds classified in these three groups, five
compounds are hypothetically the main compounds
that target the SARS-CoV2 main protease. IDs of these
compounds are 444745, 444663, ZINC1014061061,
ZINC1014061081, 444743 in the ZINC database (44).
The other antiretroviral agent, atazanavir has exhibited
greater anti-SARS-CoV2 activity in comparing with
lopinavir through inhibiting SARS-CoV-2 replication
and proinflammatory cytokine production (IL-6 and
TNFa), alone or in combination with ritonavir (45).
Various studies have been implemented to design
and synthesize drugs targeting MP®. Recently, two
designed and synthesized components (1la and
11b) have depicted potent anti-SARS-CoV2 and
pharmacokinetic activity in vivo (46). In addition,
drug designing, virtual drug screening and high-
throughput screening recommended ebselen as the
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other candidate anti-SARS-CoV2 drug which needs
to be approved clinically (47).

Moreover, studies have indicated that cyclosporin
A inhibits virus replication through binding to cell
cyclophilins and inhibiting it’s cis-trans peptidyl-
prolyl isomerization activity. Cyclophilin A is also
involved in binding virus N proteins to cells, thus
the usage of cyclophilin A inhibitors such as CSA
derivatives including Alisporivir and NIMS811
can inhibit protein N interaction with cyclophilin
A (48) suggesting cyclophilin A inhibitors can be
investigated for treatment of COVID-19 as well as
other coronaviruses. Previous studies have exhibited
that the Pan-corona virus inhibitor, EK1, targets the
HR1 domain of S2 subunit in coronavirus, such as
SARS-CoV and MERS-CoV. Recent study on SARS-
CoV2 has shown high inhibitory activity (120/240
fold) of EK1 peptide against membrane fusion and
viral infections of SARS-CoV2, SARS-CoV and
MERS-CoV through binding to cholesterol in order
to form EK1C4 lipopeptide (23).

It has recently been reported that protein kinase
inhibitors can be recommended as antiviral drugs
for the treatment of coronavirus due to the activation
of multiple signaling pathways in the host cells
during virus’s growth. Therefore, protein kinases
which are activated by virus or infected cells, may
be used as targets for developing anti-COVID-19
drugs. Also, recent studies have exhibited the
activation of hydrophobic derivatives of vancomycin,
teicoplanin, as well as aglycon or pseudo-aglycon
against several viruses such as HIV, HCV, influenza
viruses (A / HIN1, A/ H3N2), flaviviruses as well as
coronaviruses through targeting protein kinases (49).

A number of antiviral drugs are well-known
as protease inhibitors, integrase inhibitors, and
polymerase inhibitors. Among these drugs, protease
inhibitors such as tyrannavir, indinavir, atazanavir,
darunavir, ritonavir and amprenavir could, as
indicated by in silico virtual screening, inhibit
virus replication and are thus suggested as potential
effective drugs for COVID-19 (2). Macrolides such
as erythromycin, clarithromycin and azithromycin
also have anti-inflammatory and antibacterial effects
as well as antiviral impacts. Previous studies have
confirmed that Macrolides have antiviral effects
on Rhinovirus, influenza, Zika and Ebola viruses,
all of which are respiratory viruses. Studies on
COVID-19 patients have indicated that the usage
of azithromycin or macrolides in combination with
hydroxychloroquine could represent a potential
antiviral drug-combination for the treatment of
COVID-1 and that hydroxychloroquine alone could
have antiviral effects against SARS-CoV-2 (50). One
of the drawbacks of using hydrochloroquine which
was previously used as an anti-malarial drug and also
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Table 4. Types of drugs and therapy suggested to be used against coronaviruses in particular SARS-COV2
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Type of drug Type of virus Target Function Reference
Corticosteroide SARS-COV2 Immune response Suppression of 17)
Tocilizumab cytokine storm
Anti-1L-6
CR3022 SARS-COV2 ACE2 binding site Inhibition of 41
SARS-COV virus entry to
cells
m396 SARS-COV RBD epitopes in Inhibition of 42)
CR3014 ACE2-binding site virus entry to
cells
Intravenous SARS-COV2 Immune response Suppression of (43)
immunoglobulin (IVIG) immune response
Lopinavir Sequinavir HIV-1 Protease Inhibition of 44
Ritonavir SARS-COV2 virus replication
Cyclosporin A cyclophilin -Suppression of 48)
N protein
interaction with
cyclophilin
- Inhibition of
virus replication
EK1 SARS-COV HR1 domain of S2 Inhibition of 23)
MERS-COV subunit membrane fusion
EK1C4 lipopeptide SARS-COV2 HR1 domain of S2 Inhibition of (23)
SARS-COV subunit membrane fusion
MERS-COV
Vancomycin Teicoplanin HIV ¢HCV Protein kinases Inhibition of 49)
Aglycon A/HINT A/H3N2 virus entry and
Pseudo-aglycon coronaviruse replication
flavivirus
Tipranavir Indinavir Coronaviruses Protease Inhibition of 2)
Atazanavir Darunavir (SARS-COV2) virus replication
Ritonavir Amprenavir
Macrolides SARS-COV2 Immune response Anti- 50)
(Erythromycin inflammation
Clarithromycin
Azithromycin)
+
Hydroxychloroquine
Ginkgolic acid (GA) HIV <Ebola Viral proteins Inhibition of 52)
Influenza EBV virus replication
coronaviruses

for autoimmune diseases is creating cardiac toxicity
that leads to arrhythmia as well as liver and kidney
disorders in high-risk individuals. In addition, the
risk of overdose is higher in patients with renal and
hepatic disorders than in other populations (51). The
other suggested drug is Ginkgolic acid (GA) found in
the leaves and fruits of Ginkgobiloba. It has shown
antiviral impacts against HIV, Ebola, Influenza, and
EBV viruses through inhibiting virus’s replication.
Therefore, GA could be suggested as an effective drug
for combating with coronaviruses. Furthermore, GA
has previously displayed anti-cancer effects through
inhibiting lipogenesis, reducing the expression
of proteins involved in metastasis, suppressing
sumoylation, and inhibiting fatty acid synthesis
(52). Table 4 summarizes several types of drugs and
therapies proposed to be used against coronaviruses
in particular SARS-CoV2.

Personalized medicine in COVID-19

Personalized medicine in COVID-19 can provide
an opportunity for prevention, diagnosis, treatment
and management of this disease in the public health.
Personalized medicine can detect the susceptibility of
everyone to COVID-19 infection with highly variable
symptoms. Patients with COVID-19 experience the
variable symptoms ranging from mild to severe and
progressive infections. Identifying susceptible patients
to severe infection can help to better management
of COVID-19 pandemic. Personalized medicine in
COVID-19 may be lead to design novel therapeutic
and preventive strategies according to individual
profiles. For this purpose, sequencing of SARS-CoV2
genome along with detection of genome variation
of patients can propose the best approach to combat
with COVID-19 (53). Individual Factors associated
to disease severity are divided to two categorizes,
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non-genomics/clinical and genomics factors. Non-
genomics or clinical factors include age, gender, BMI,
diabetes, hypertension and smoking, whereas genomic
factors include variations in chromosomes 1 (1g22.1),
2 (2p21.1), 3 (3p21.1-3), 6 (6p21.1), 8 (8q24.13),
9 (9q34.1-2), 12 (12q24.1-2), 17 (17g21.3), 19
(19p13.1-3) and 21 (21921—-q22) which can be specific
for different ethnics or phenotypes. For instance, 3p21
locus variants are present in 30% and 8% of people in
South Asia and Europe, respectively that are associated
to severe inflammation and infection. In addition,
3p21.31 locus comprises SLC6A20 gene coding for
a transporter regulated by ACE2, and other loci may
have indirect association with COVID-19 severity (53,
54).

In other hand, variations in SARS-CoV2 are
estimated to accumulate at rate of about 1-2 variations
per month. Sequencing of viral genome has reported
huge variability which affects the severity of infections
in patients with COVID-19. For example, D614G
variant in spike protein and ORFS8 deletion increases
and reduces infectivity of the virus as well as mortality
of patients, respectively (55, 56). Variations in RNA
polymerase can also increase the replication mistakes
that could result in resistance to antiviral treatments.
Therefore, personalized medicine in COVID-19 may
be lead to design novel therapeutic and preventive
strategies according to individual profiles in order to
better management of COVID-19 pandemic.

CONCLUSION

Recently, SARS-CoV2, the novel strain of
coronaviruses has initiated a catastrophe for humans
all over the world with sever acute respiratory
syndrome and high rate of death. It is essential to
study on genetic and protein structure of SARS-CoV2
to discover potent drugs, antibodies and vaccines in
order to treat COVID-19. High similarity to SARS-
CoV proposes the same treatments, although some
differences in genetic and protein structures make
difficulties in discovering therapy. SARS-CoV2 uses
subunit S1 and S2 for binding and membrane fusion in
order to entry to host cells through binding to ACE2.
SARS-CoV2 genome encodes several proteins such
as nsps, structural proteins and accessory proteins
which have been involved in structure, activity,
replication and transmission of virus. There are
several variations in genetic and protein sequences
in SARS-CoV2 in comparing with SARS-CoV and
MERS-CoV. These variations recommend a possible
mechanism to distinguish SARS-CoV2 from SARS-
CoV and MERS-CoV and could help to discover novel
antiviral strategies to treat COVID-19. Moreover,
recently, variety of publications have proposed several
novel vaccines, drugs and antibodies such as anti-
inflammatory factors, anti-ACE2, anti-S protein and
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protease inhibitors to combat with SARS-CoV?2.
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of tumor mutations, PD-L1, tumor-infiltrating lymphocytes, a lack of homologous
recombination, and intratumoral heterogeneity of neoantigens. The use of these
indicators to choose the best candidates for ovarian cancer treatment is one of the
future directions. In addition to reviewing innovative treatments and study designs
including tumor biomarkers that improve the chances of immunotherapy success in

ovarian cancer, this paper also analyzes the function of immunotherapy in ovarian

cancer.

INTRODUCTION

Ovarian cancer is the tenth most prevalent cancer
among female patients and the fifth largest cause
of cancer-related mortality in women in the United
States, where 22,240 individuals are diagnosed with it
each year (1). Currently, debulking surgery combined
with platinum-taxane maintenance chemotherapy
is the first-line standard of treatment (2, 3). After
receiving front-line treatment, 60-70% of patients
with optimum debulking (1 cm residual disease) and
80-85% of patients with inadequate debulking (>1 cm
residual disease) may experience a cancer recurrence,
bringing the five-year survival rate down to roughly
45%. Front-line maintenance treatment advancements
have attempted to increase this time frame (4, 5, 6).
More efficient maintenance treatment is required
since it has been demonstrated to effectively prolong
progression-free survival (PFS) with bevacizumab or
PARP inhibitors, but not overall survival (OS) (7).
Currently, the majority of clinical studies concentrate
on targeted strategies, including more recent initiatives
to add immune therapies to the landscape of ovarian
cancer treatment (7).

Through a variety of methods, including
immunostimulatory cytokines, tumor antigen vaccines,
and monoclonal antibodies that target inhibitory
ligands generated by tumor cells, immunotherapy
improves the antitumor immune response. The
latter strategy focuses mostly on immunological
checkpoint inhibition (ICI). Immune checkpoints such
as programmed death receptor-1 and its ligand (PD-

1:PD-L1) and cytotoxic T-lymphocyte associated
protein 4 and its ligand (CTLA-4:B7/CD80) are
used to identify pathogens from self-cells (8). A
T-lymphocyte searches for epitopes that are compatible
with its T-cell receptor (TCR) affinity when it comes
into contact with a peripheral cell to identify whether
it is a pathogen or a self-cell. T-cells recognize the
epitope as a self-cell when immunological checkpoints
like PD-L1 are present (9). When immunological
checkpoints are absent, the T-cell recognizes the target
as pathogenic, which triggers the killing response.
Immune checkpoints are upregulated by cancer cells,
which reduces the local immune response and enables
immune evasion. By binding CTLA-4, PD-1, or PD-
L1, ICIs prevent the immune checkpoint interaction
between the tumor and T-cell, thereby restoring T-cell
cytotoxicity (10). The importance of immunotherapy
in ovarian cancer is discussed in this paper, along with
innovative treatments and research designs including
tumor biomarkers that improve the chances of
immunotherapy effectiveness in ovarian cancer.

Molecular profiling

Even though ICIs can result in long-lasting responses
in certain patients, there is still a small percentage of
patients who do not react, such as those whose tumors
express PD-L1. Therefore, molecular profiling that
indicates immunogenic phenotypes is increasingly
used to determine the indication for immunotherapy,
and new knowledge is exploding in this area. PD-
1, PD-L1, and tumor mutational burden (TMB) are
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immunophenotype indicators (11, 12). Other indicators
include homologous repair deficient and proficient
(HRD, HRP) phenotypes and elements governing
the tumor microenvironment (TME), such as the
characteristics of lymphocytes that infiltrate the tumor
(TILs). These elements together provide a picture of the
immunogenicity of the cancer cell itself, the immune
system’s capacity to reach the tumor, and the capacity
of immune cells to carry out lethal operations (13, 14).

TMB

The amount of nonsynonymous mutations found in
a tumor sample is known as the tumor mutational load,
which also indicates the degree of genomic instability
and the possibility that neoepitopes would emerge on
the cell surface (15). Neoepitopes are cancer-specific
proteins that are expressed on the cell surface and
therefore accessible to the immune system. Different
research teams have established different TMB
criteria; generally speaking, TMB is split into high and
low categories, with TMB high being defined as >10
mutations/Megabase of DNA. A TMB-high phenotype
denotes a high level of mutant proteins that may be
expressed as neoepitopes on the cell surface (16).

It has been shown in both preclinical and clinical
efficacy trials showing the TMB-high phenotype
predicts response to treatment with ICIs in solid
tumors. A monoclonal antibody that targets PD-1,
pembrolizumab, was recently authorized for treatment
in any TMB-high (10) tumor, regardless of histology
(17, 18, 19).

Consideration of other markers that may increase a
patient’s likelihood of responding to immunotherapy
(e.g., combined TMB-high and PD-L1-high) or
predict resistance to immunotherapy despite the TMB-
high phenotype (e.g., combined TMB-high and high
neoantigen intratumoral heterogeneity) generally
improves TMB’s predictive ability (ITH). According
to estimates, 45% of ovarian cancers express PD-1/
PD-L1 highly, which is defined as more than 10% of
tumor cells in a tissue sample expressing PD-L1 on
their surface (20, 21, 22). ICIs were created to stop
this checkpoint-mediated immunosuppression, which
is immunoinhibitory when PD-1/PD-L1 expression
is high. Independent of TMB status, elevated PD-1/
PD-L1 expression predicts responsiveness to ICls.
However, the two markers work better together to
predict response than they do alone. Single biomarkers
have been utilized as treatment indications up until
now, but taking into account mixed biomarkers may
increase the accuracy of choosing individuals who are
most likely to respond to immunotherapy, particularly
in cases of ovarian cancer (23, 24).

HRD
Homologous repair deficit (HRD) is a biomarker
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that predicts how cancers will react to platinum
chemotherapy and poly-(ADP ribose) polymerase
(PARP) inhibitors. It defines malignancies with
inadequate reaction to DNA damage. 41-50% of
epithelial ovarian cancers are thought to be HRD, and
more than one in four people with ovarian cancer have
germline mutations in HRD genes (25, 26). 25.7% of
people with ovarian cancer have somatic or germline
mutations in their BRCA genes. BRCA mutant cells are
called HRD cells. HRD is linked to cancer genes that
run in families, such as germline BRCA mutations in
breast and ovarian cancer and mismatch repair (MMR)
in Lynch syndrome. Surprisingly, a family history of
cancer is linked to a higher objective response rate
(ORR), disease control rate (DCR), the median time
to treatment failure (MTTF), and median overall
survival (OS) after ICIs are given. This makes us
wonder if HRD may be the link between ICIs and this
response in familial cancers. Some genes, like RADS1,
BARDI, and TP53, that are part of the homologous
recombination pathway, also show that DNA can’t be
fixed. This is called a “gene signature.” Pembrolizumab,
which is a PD-L1 inhibitor, works well on tumors with
MMR (26, 27, 28). So, pembrolizumab was approved
as the first treatment for colorectal tumors that lack
MMR. But tumors with BRCA1/2 mutations haven’t
responded to avelumab or other immunotherapies.
In this group, immune checkpoint inhibitors have
been less successful than expected. HRD causes
more tumors to grow, more mutations to happen in
the tumors, and then more tumor neoantigens to be
expressed. Compared to HRP tumors, HRD tumors
have more immunophenotype markers like TMB-high,
more CD3+ and CD8+ TILs, and higher levels of PD-1/
PD-L1 (29, 30). Even though HRD is common in
ovarian cancer, TMB is lower than would be expected.
In a study of breast cancer samples, it was found that
HRD tumors had more PD-L1 expression, which was
linked to the activation of the STING pathway. The
same study found that CXCL10 and CCLS5 expression
was 3.5 to 11.9 times higher than in HRP tumors and
that CXCL10 and CCLS5 expression, not neoantigen
expression, was linked to the increased recruitment
of peripheral blood mononuclear cells (PBMCs) (31).
Dunphy et al. went into more detail about the non-
canonical, antigen-independent recruitment of NK
cells, M1-macrophages, T- and B-cells to the ovarian
TME via CXCL10 and CCLS. The same group saw
that the ATM-TRAF6-mediated “alternate STING
pathway” made IL-6 and TGF-beta and brought
in regulatory T-cells (Tregs) and protumor M2-
macrophages. This ATM-TRAF6 also helps to raise
the level of PD-L1 even more, which helps to explain
why the immune system doesn’t react much to ovarian
cancer. So, immunomodulation in HRD tumors is
controlled by the STING pathway and the alternative-
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STING pathway. Depending on the molecular profile of
the tumor, the immune response can be either boosted
or slowed down (32, 33).

Tumor-infiltrating lymphocytes

Quantification of tumor-infiltrating lymphocytes
(TIL), which measures immune cell infiltration of the
tumor microenvironment (TME) and predicts a good
response to immunotherapy, is another biomarker that
may predict response. T-cells, NK cells, and, more
recently, B cells’ roles in the TME have been brought
to people’s attention. Different findings about how
TILs affect survival and prognosis have made it harder
to analyze (14, 34). For example, a study of the TME
in melanoma found that the aggressiveness and stage
of the tumor were linked to the number of TILs. In the
same study, high levels of CD69+, which is a sign of
activated lymphocytes, were linked to survival, showing
that the number and quality of TILs are important for
predicting prognosis. When it comes to ovarian cancer,
the presence of TILs is linked to a longer PFS and
OS. TILs in ovarian cancer are a good sign, especially
when CD8+ T-cells are present, no matter what stage
the tumor is in (35, 36, 37). Westergaard et al. found
that the TIL profile of ovarian tumors is similar to that
of melanoma, but there are more CD4+ T-cells than
CD8+ T-cells in ovarian tumors. Most of these T-cells
had the phenotype CD45RO+CCR7-CD62L, which is
typical of effector memory T-cells (38).

Clinical trials of immune therapy for ovarian cancer

Even though ovarian cancer has a lot of HRD tumors
with suspected high TMB, more CD8+ TILs, and high
expression of tumor antigens that can trigger anti-
tumor responses on their own, the first immunotherapy
attempts were mostly not very successful (6, 39,
40). In the JAVELIN Ovarian 100 trial, avelumab, a
PD-L1 inhibitor, was used as maintenance therapy
for stage III/IV epithelial ovarian cancer that hadn’t
been treated before. Arms included chemotherapy
followed by avelumab, avelumab plus chemotherapy
followed by avelumab, and chemotherapy followed by
watching as a control. The study was stopped before
it was finished because the limits of futility had been
set and there was no improvement in PFS compared
to the control group (11.1 months, 11.0 months, and
10.2 months, respectively across arms) (40). Similarly,
IMagyn050/GOG3015/ENGOT-OV39 compared
atezolizumab, a PD-L1 inhibitor, to placebo plus
paclitaxel, carboplatin, and bevacizumab in patients
with advanced epithelial ovarian cancer. Researchers
found no significant difference in median PFS between
the PD-L1 positive group and the placebo group (18.5
months vs. 19.5 months, HR = 0.92) or between the
PD-L1 positive group and the placebo group (19.5
months vs. 18.5 months) (20.8 months vs. 18.4 months,
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HR 0.80). Both of these studies came up with negative
results, which suggests that using checkpoint inhibitors
in ovarian cancer may need more biomarker efficacy
analysis to find a potentially sensitive population (41).

In the KEYNOTE-158 trial, patients with solid
tumors like ovarian, endometrial, and gastric cancer
that had been treated with standard chemotherapy
and were found to have cytologically confirmed high
microsatellite instability (MSI-H) and mismatch repair
deficiency (IMMR) were given pembrolizumab as a
single treatment. The patients were thought to have a
high number of tumor mutations because at least one
of the four mismatch repair proteins, MLH1, MSH2,
MSH6, and PMS2, was missing from their tumors.
Also, high microsatellite instability was found in two of
the five allelic loci shifts of BAT25, BAT26, Di 5S346,
Di 28123, or Di 17S250. Pembrolizumab was given
every three weeks at a dose of 200 mg for two years or
until the disease got worse. Five of the 15 people with
ovarian cancer who had been resistant to treatment in
the past had an objective response, and three of them
had a full response. Since the study is still going on,
more results are still to come. A total of 223 people
took part in the study. 23 of them (9.9%) reported a
full response, and 57 of them (24.5%) reported a partial
response. It was said that the ORR was 34.3% (95%
CI, 28.3—40.8). The good results of this study are one
reason why the FDA approved pembrolizumab for use
in metastatic MSI-H/dMMR solid tumors, like ovarian
cancer, in May 2017. The results of the study as a
whole, which include other kinds of tumors, are also
important (42).

Inthe KEYNOTE- 100 trial, pembrolizumab was also
tested on people with ovarian cancer that came back. In
this trial, the first 100 people who signed up were used
to figure out the cut-off score for PD-L1 (CPS). From
this group of patients, CPS scores between 1 and 10
were used to figure out how well the treatment worked.
Patients with recurrent ovarian cancer were split into
two groups. Cohort A was made up of people who had
one to three previous lines of therapy and had gone 2
to 12 months without platinum. Patients in Cohort B
had four to six lines of therapy before and went three
months without platinum. In both groups, a higher CPS
score was linked to a better response, and responses
were seen 6 months later. But antitumor activity was
said to be small (43).

The MIMOSA study was a phase 111, double-blind,
placebo-controlled, multicenter trial that looked at
the effects of abagovomab maintenance therapy on
ovarian cancer patients in their first clinical remission.
Abagovomab is a murine monoclonal antibody that
goes after the CA-125 antigen that is found in tumors.
Patients in the study had stage III or stage IV ovarian
cancer and were in complete clinical remission after
surgery and chemotherapy with platinum and taxanes.
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Abagovomab or a placebo was given once every two
weeks for the first six weeks, and then once every four
weeks until the disease came back, or for up to 21
months after the last patient was randomly assigned.
Out of the 888 patients who were studied, 81.5% had
the serous papillary subtype, 85.9% were in stage 111,
and 80.9% had a cancer antigen 125 35 U/mL after
the third cycle. The study treatment was used for a
mean of 449.7 days. When the tumor size was broken
down into two groups (1 cm and >1 cm), there was no
improvement in RFS (HR = 1.099; 95% CI = 0.919—
1.315; p = 0.301). In the same way, no benefit was
shown in OS (1.150, 95% CI, 0.872-1.518; p = 0.322).
At two years, 80% of people in both groups were still
alive. The SE was 1.71 in the abagovomab group and
2.43 in the placebo group. At the last visit, the median
level of anti—anti-idiotypic antibody was 493,000.0
ng/mL, which shows that a strong immune response
was achieved. The trial found that maintenance
therapy with abagovomab in the first remission does
not extend RFS or OS. The treatment was safe, and
there was a measurable immune response. The study
was eventually stopped because the main goal wasn’t
reached (RFS) (44).

Clinical trials in progress

Even though immunotherapies aren’t effective in
treating ovarian cancer in previous trials, researchers
are still looking for biomarkers that can predict how
subgroups of ovarian cancer patients will respond to
immunotherapies. There are also studies going on
that combine immune therapies with other treatments.
Many trials are going on right now to study the effects
of different immunotherapies on ovarian cancer. Here,
we’ll look at some ongoing trials that use biomarkers
to sort patients by how well they respond to treatment,
which is listed in Table 1.

These ongoing phase I, II, and III trials have
shown that immunotherapy, which is often used in
combination with other treatments, makes ovarian
cancer patients respond better. It is important to do
more research on biomarkers and how they relate to
increased and decreased response. Immunotherapy
has a lot of potential as a treatment for ovarian cancer,
and some patients do seem to respond to it. However,
more research needs to be done before we can fully
understand its potential.

The current state of personalized immunotherapy

For immunotherapy to be successful, the TME
must activate an anti-tumor T-cell response. To do
this, a variety of strategies, including dendric cells,
autologous tumor vaccines, and other combination
treatments, are now being researched.

Dendritic cells

Pulsing autologous dendritic cells (DCs) with a
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tumor peptide is one method. The kidneys, testis Sertoli
cells, and ovarian granulosa cells all ordinarily express
the chosen peptide, Wilms’ tumor protein 1 (WT1) (45,
46). However, a study of 100 patients revealed that 78%
of EOC tissues expressed WT1, and WT1 was linked
to tumors with higher grades and staging (p = 0.006
and p = 0.002, respectively). The Wilms tumor protein
1 (WT1), which is associated with a poor prognosis in
ovarian cancer with a 5-year survival rate of 47%, was
studied in phase I/II clinical research. In individuals
with ovarian, breast, and gastric cancer who presented
with a WT1 mutation, vaccination with autologous
DCs produced a substantial CD8+ T-cell activation
against WT1 (p < 0.05) (47, 48). After therapy, seven
out of ten patients (70%) had stable disease, with three
of the seven patients having reported tumor-shrinking
on a CT scan. Two out of ten (20%) patients had
indicated limited response. The therapy was deemed
to be safe and well tolerated since all adverse events
were grade 1 or 2 (46). This research illustrates the
necessity for customized vaccines that aim to target
certain mutations in patient subgroups to achieve better
results.

Autologous vaccines

Autologous vaccines may potentially be essential
for the evolving function of immunotherapy in the
treatment of cancer. Autologous vaccines are one such
combination that may simultaneously reduce tumor
evasion and increase immune responses to target tu-
mor cells. In one pilot research, six late-stage, che-
motherapy-resistant ovarian cancer patients received
combination treatment (49). Surgery, ex vivo expanded
autologous TILs, IL-2, and nivolumab, an anti-PD-1
antibody, were administered after ipilimumab, an an-
ti-CTLA4 antibody. The median progressive-free sur-
vival was found to be 86 days, with a range of 84 to
342 days in the study’s outcomes of one patient with
partial response and five with stable illness after 12
months. These findings were contrasted with earlier
findings obtained without the use of ipilimumab, which
showed that ipilimumab enhanced the success rate of
ex vivo expanded autologous TILs by causing an up-
tick in CD8+ T-cell activity (50, 51).

Overall, the research emphasizes the positive
outcomes of ICIs and autologous vaccination
combination treatment. The natural next step is to use
ICIs in conjunction with Vigil, an additional autologous
vaccination that trains T-cells to the pertinent clonal
tumor neoantigens and enhances peripheral circulating
CD3+/CD8+ T-cells. In a phase I study, women with
relapsed ovarian cancer were given the combination
of Vigil and atezolizumab. The time of administration
was discovered by the investigators to be crucial for
both safety and effectiveness. Predating atezolizumab
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Table 1. Some clinical trials using biomarkers.

KEYNOTE- [43] People with advanced solid Arm 1: Pembrolizumab 200 TMB high
158 tumors took part in a Phase mg
II, two-arm, open-label study ~ Arm 2: Participants failed at
of pembrolizumab and least
predictive biomarkers. one line of therapy and have
TMB

h1|}|1

ClinicalTrials.gov Phase III, randomized, Arm 1: Platinum-based Somatic BRCA mutation status
double-blind, placebo- chemotherapy with
controlled, multicenter trial bevacizumab and
looking at the use of durvalumab placebos,
durvalumab with followed by maintenance
chemotherapy and bevacizumab, durvalumab
bevacizumab, followed by placebo, and olaparib
maintenance durvalumab, placebo
bevacizumab, and olaparib in Arm 2: Platinum-based
advanced ovarian cancer. chemotherapy with
bevacizumab
and durvalumab followed by
maintenance bevacizumab,
durvalumab, and olaparib
placebo
Arm 3: Platinum-based
chemotherapy with
bevacizumab

and durvalumab followed by
maintenance bevacizumab,
durvalumab, and Olaparib

tBRCAm Cohort: Platinum-

based
chemotherapy with
bevacizumab

and durvalumab followed by
maintenance bevacizumab,
durvalumab, and olaparib
(bevacizumab is optional)

AdORN ClinicalTrials.gov A Phase V11, single-arm, Arm 1: Atezolizumab, PFS will be divided into groups base
open-label trial is being done carboplatin, and paclitaxel on how much PD-L1, tumor-
to study the use of (and infiltrating lymphocytes, immune
atezolizumab with optional bevacizumab) checkpoint receptors, cytokines, anc
neoadjuvant chemotherapy gene expression profiles are
in patients with newly expressed.
diagnosed advanced-stage Each of these subsets will be divide:
epithelial ovarian cancer into even smaller groups based on th
before and after BRCA mutation status and the tumo
cytoreductive surgery. mutation profile.
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with Vigil improved effectiveness and lowered
atezolizumab-related side effects associated with
therapy. OS was not achieved in the first treatment
arm of Vigil and was 10.8 months in the first arm of
atezolizumab (HR 0.33). It was also shown in this
study that Vigil may have a greater therapeutic benefit
in BRCA wild-type patients (NR in Vigil first vs. 5.2
in atezolizumab first HR 0.16, p = 0.027). Continued
research is necessary, according to the limited cohort
of patient’s clinical outcomes and safety profiles (51).

Combined treatment approaches

Research studies examining the effects of autologous
DCvaccination combined with ICIs and chemotherapy
should also be taken into account. One included three
therapy groups in a phase I investigation of women
with recurrent ovarian cancer. The autologous DC
vaccination that had been pulsed with tumor cells
was administered as monotherapy to the first group.
The autologous DC vaccine was also administered in
combination with bevacizumab to the second group.
The findings showed that following immunization,
CD4+, and CD8+ T-cell numbers considerably
increased. Two of the 25 patients who received
treatment were indicated to have shown a partial
response, while 13 patients reported stable illness
for a median of 14 months after immunization (52).
The data were further examined based on vaccination
response, which was identified by T-cell identification
of tumor cells. The 2-year survival rate among the 11
out of 25 people who reacted to the vaccination was
100%; whereas, the 2-year survival rate among the
non-responders was 25%. This research is essential
in demonstrating how the proper patients with the
best probability of responding to the medication
might be crucial in improving results. Determining
the elements that influence therapy response is
thus quite helpful and should be investigated going
forward. The study’s emphasis on the advantages of
cyclophosphamide, bevacizumab, and the autologous
DC vaccination in combination is another crucial
point. Eight out of ten patients were found to have
responded to the vaccination in the group receiving
cyclophosphamide in combination, compared to three
out of 12 in the group receiving just the vaccine. A
rise in TGF-B was seen after vaccination and again
after cyclophosphamide injection, related to the
responsiveness of the vaccine, according to further
serum studies (52). It is necessary to do further study
to show the full impacts of autologous vaccinations,
which might have additional advantages when
combined with already fully studied and effective
medicines to give customized medicine.

These trials show promising outcomes for cancer
vaccination. Additionally, a promising next step to
make tumors sensitive to the neoantigen repertoire is
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the combination of immunotherapy and vaccination
(53). This approach has to be developed further, as
does the understanding of the biomarkers that predict
response. A major part of how the body reacts to
immunotherapies may be played by autophagy.
Elevated MHC-II levels are linked to a better
prognosis and overall survival in ovarian cancer (53).

One way for cells to produce more neoantigens
for MHC-II presentation is via autophagy. One
mechanism for the complicated control of autophagy
includes BRCA1/2 (54). Compared to BRCAL1/2
wild-type cells, autophagy is increased in BRCA1/2
mutant cells. Autophagy inducers in combination
with immunological treatments, such as checkpoint
inhibitors and autologous tumor vaccines, may thus be
a sensible strategy in BRCA wild-type malignancies
(55). However, autophagy inhibitors may also
be employed to make tumors more sensitive to
chemotherapy or to improve their response. In reaction
to stress, particularly chemotherapy, autophagy
is increased. Autophagy inhibitors may reduce
cell viability by collaborating with chemotherapy,
according to preclinical investigations. Context may
affect whether autophagy inducers or inhibitors are
used (56).

CONCLUSIONS

Early research suggested that ovarian cancer may
be immunogenic as a result of several causes,
including homologous repair inadequacy brought
on by widespread BRCA mutation. However,
compared to the majority of other immunogenic
tumor forms, such NSCLC and melanoma, ovarian
cancer immunotherapies have had less effectiveness.
To increase the effectiveness of immunotherapy
application to ovarian cancer, many strategies are
being modified. These include choosing individuals
based on immune profile, such as MSI-H/dMMR,
HRD, and combining ICI with other therapies.
Further study is required to properly describe
immunological features common to ovarian cancer,
identify optimum response indicators, and improve
the patient selection for treatment. To reliably predict
response, more than one biomarker could be required
due to the complicated immunological landscape of
ovarian cancer. It is vital to do deeper investigation of
effectiveness and risk since combinatorial therapies
seem to be an optimistic alternative for optimizing
therapeutic benefit.
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Abstract:
Even if the symptoms during the acute phase are minimal, COVID-19 not only results

in severe respiratory problems but also long-term consequences. Significant long-
term consequences are now being identified as neurological and neuropsychiatric
problems. The onset of neuropsychiatric symptoms brought on by a lengthy COVID
might be challenging to detect and treat in patients with behavioral problems, such
as those with autism spectrum disorders (ASD). In this article, we describe three
instances of ASD that showed a substantial worsening of neuropsychiatric symptoms
after exposure to COVID-19 and subsequent difficulties controlling the post-COVID
neuropsychiatric symptoms. The therapy intended to target COVID-19-induced im-
mune reaction was delayed because Case 1 caught SARS-CoV-2 in the early phases
of the epidemic. Case 2 had a verified COVID-19 exposure but showed no symptoms
during the acute phase, however, she later had severe neuropsychiatric symptoms.
Case 3 had a challenging course, in part because of underlying immunological dys-
regulation and the past use of many immunomodulating drugs. Significant variations
in peripheral blood monocytes’ generation of inflammatory and counter-regulatory
cytokines were seen in cases | and 3, for which serial blood samples were taken. The
instances discussed here show how COVID-19 has a significant impact on neuropsy-
chiatric symptoms in ASD patients as well as how challenging it is to treat long-term
COVID side effects.

INTRODUCTION

Our healthcare system was severely disrupted by the
severe acute respiratory disorder coronavirus 2 (SARS-
CoV-2)-which caused the coronavirus disease 2019
(COVID-19) epidemic. Both children and people with
intellectual disabilities were affected, as was obvious
(1, 2). It was shown that COVID-19 patients frequently
experienced a long-term sequela that affected several
organ systems, termed the “long COVID syndrome,”
as the pandemic expanded (3, 4). Both children and
young people are impacted by this illness. Due in
part to the absence of a precise case definition, the
frequency of protracted COVID disorder in children is
not yet fully characterized (5, 6).

A typical symptom of protracted COVID disorder is
the cognitive disturbance, sometimes known as “brain
fog,” which is recorded in one out of every four to
five post-COVID-19 individuals (7). Along with other
neuropsychiatric symptoms such as anxiety, restless

sleep, exhaustion, and melancholy mood, this disease
is characterized by deficits in attention, concentration,
memory, speed of information processing, and
executive function (7, 8). Such persistent post-
COVID-19 neuropsychiatric symptoms may have a
major negative impact on quality of life (QOL) and
academic and occupational performance.

Long-term COVID syndrome patients often exhibit
cognitive deficits that are similar to the disorder of
cancer therapy-related cognitive impairment (CRCI),
which is commonly recognized as a side effect
of intrathecal methotrexate injection (9). Chronic
fatigue syndrome (CFS) and CRCI have several
characteristics (3, 10). Microglial cells have a role in
the systemic inflammation brought on by modest levels
of lipopolysaccharide (LPS) (9), which may result in
reactive microglia in the white matter and monocyte/
macrophage lineage cells being attracted to the brain
(11,12).
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It may be challenging to discern between the long-
term effects of the above-mentioned neurological
impairment in children and the psychological effects
of the COVID-19 epidemic (5). COVID has enhanced
parenting stress, which can lead to behavioral issues
(13). This is especially true for parents of children with
autism spectrum disorder (ASD), where it has been
linked to increased levels of anxiety and depression as
well as the development of more maladaptive behaviors
in the child (14). It is even more challenging to discern
between COVID-19-induced abnormal behavior and
pre-existing neuropsychiatric problems if brain failure
brought on by COVID-19 affects children who already
have an intellectual handicap or other pre-existing
neuropsychiatric illnesses, such as ASD.

ASD is a complicated developmental disability that
is marked by poor social interaction, repetitive or
restricting activities, and a high prevalence of coexisting
diseases (15). It is anticipated that identification and
treatment may be difficult for children with ASD
who have brain damage as a long-term side effect of
COVID-19. Such neuropsychiatric and neurological
problems brought on by COVID-19 may be brushed
off as typical ASD symptoms, losing the chance to treat
COVID-19-induced neuro-inflammation and alleviate
behavioral problems (16).

This article recounts three ASD individuals who
had significant and long-lasting changes in their
neuropsychiatric symptoms after taking COVID-19,
changes that were difficult to treat. These instances
highlight how challenging it is to treat the long-term
neuropsychiatric effects of COVID-19 disease and the
requirement for therapeutic approaches that specifically
target COVID-19-induced immunological response.

MATERIALS AND METHODS
Research Topics

At Azad university organization, all individuals
participated in the monocyte cytokine pattern
evaluation methodology for ASD that was authorized
by the institutional review board. Informed permission
papers with parental signatures were acquired in every
instance.

Profiles of monocyte cytokines

Monocytes from peripheral blood (PBMo) were
extracted. PBMCs were separated using a Ficoll-
Hypaque ultracentrifugation separation method. Using
magnetic beads tagged with anti-CD3, CD7, CDI16,
CD123, and glycophorin A, PBMo was further purified
from PBMCs (monocyte MojoSort™ Isolation Kits,
BioLegend’s, MA, USA, Cat. No. 430019)

PBMo were grown overnight at a frequency of 5x105/
mL with or without innate immune system stimuli such
as LPS, zymosan, CL097, and candida heat extraction
as a source of B-glucan. PBMos were incubated for

28

Pers M |

24 hours in RPMI 1640 containing additives with
LPS (0.1 pg/mL, GIBCO-BRL, Gaithersburg, MD,
USA), zymosan (50 pg/mL, Sigma-Aldrich, USA),
C097 (liquid derivative of imidazoquinoline, 20 puM,
InvivoGen, USA), and candida heat extractHCKA,
heat killed candida albicans (107 cells/mL, InVivogen,
CA) as a source of B-glucan. the number of cytokines
(IL-18, IL-6, IL-10, IL-23, TNF-, sTNFRII, IL-
12p40, TGF-B, and CCL2) in the growth supernatant
was determined by ELISA (eBiosciences, San Diego,
California). ELISA protocol was performed according
to manufacturer’s instrument.

RESULTS
Presentation of a Case

Case 1

The first case was a 25-year-old boy with ASD who
was monitored at an allergy/immunology center. He
arrived with recently developed extreme weariness,
broad muscle problems, and increasing fluctuation
of behavioral symptoms associated with an autism
spectrum disorder. This came after a minor respiratory
illness that had happened one month before the Tehran
COVID-19lockdownbegan. Hehad previouslyreceived
diagnoses for common variable immunodeficiency,
multiple seizures from intractable epilepsy, and ASD
(level 1II) (CVID). Immunomodulatory medications
were used to manage his refractory seizures (sirolimus
and anakinra). Supplemental immunoglobulin
(Ig) administered during biweekly subcutaneous
(SQ) infusion helped manage recurrent bacterial
infections and bacterially-induced seizure complexes.
Additionally, he was taking azithromycin three times
per week as part of a prophylactic program. This was
brought on by a history of widespread cholesteatoma
exacerbated by severe mastoiditis, which necessitated
numerous surgical resections. Around the same time,
his mother began to have similar respiratory problems,
severe exhaustion, and “brain fog.” It was determined
that this patient and his mother both had COVID-19
due to the presence of SARS-CoV-2 antibodies.
After each immunological insult (usually a microbial
infection), he had a history of escalating behavioral
symptoms (irritability, mood swings, anger, self-
harming activities, and disrupted sleep), and even
cognitive decline. He was administered a variety of
anti-inflammatory treatments (NSAIDs, oral steroid
burst, etc.), as well as maintenance immunomodulating
pharmaceuticals provided to control his seizures since
it was believed that his illness was related to post-
infectious neuroinflammation. He and his mother both
proceeded to have chronic exhaustion, “brain fog,”
joint and muscular pain, and dysautonomia problems,
which were not alleviated by the anti-inflammatory
drugs to which he had previously reacted. He and
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his mother were severely affected by these problems,
which harmed their quality of life. Mycophenolate was
tested, however, it only partially relieved symptoms.
Colchicine (0.6 mg dose) was initiated to inhibit such
signaling pathway activation as a result of a better
knowledge of neuropsychiatric symptoms as a long-
term sequela of COVID-19 and stimulation pathways
via SARS-CoV-2. He and his mother both reacted well
to colchicine, with a significant improvement in long-
term COVID problems. Both his mother’s and his
symptoms improved six months after taking colchicine.
According to his mother, he did not, however, fully
revert to his prior baseline. We were able to identify
his deteriorating neuropsychiatric problems as long-
term COVID-19 sequelae in his instance because of the
comparable symptoms that his mother had experienced.

Case 2

Case 2 came into the clinic for the first time at the age
of 14 as aresult of repeated illnesses. After a noticeable
delay in progress led to the diagnosis of ASD at the age
of 36 months, she began having seizures at the age of 40
months. These seizures began as partially complicated
seizures but later turned into secondarily generalized
seizures. Many antiepileptic medications were unable
to stop her seizures (AEDs). Between the ages of 6 and
11, she saw positive results with a modified Atkin’s
diet and stopped having seizures. The onset of puberty
did, however, cause a recurrence of clinical seizure
complexes. Her neurologist had recommended a high
dosage of valproate at the time of her first presentation
(375 mg in the morning, 1,125 mg at lunchtime, and
2,250 mg at bedtime). By the time she was 12 years
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old, she had developed a persistent respiratory illness.
She was evaluated for secondary immunosuppression
brought on by AED usage because valproate-induced
hypogammaglobulinemia has been documented (18).
Pneumococcal vaccination responses were diminished,
according to our early workup (PPV23). Her recurring
respiratory infections were under control, and the
frequency of her seizures reduced thanks to further
SQ Ig. After that, she and every member of the family
caught COVID-19. Due to her complete COVID-19
vaccination before the COVID-19 exposure, the
patient didn’t exhibit any symptoms. Her valproate
dosage was gradually tapered down beginning at the
age of 15. Her mother didn’t notice any significant
acute symptoms; such as taste loss. The individual
could verbally convey all of his or her symptoms. She
had severe exhaustion, a lack of appetite, and weight
loss (>20 Ibs over 2 months from the beginning of
neuropsychiatric symptoms) two to three weeks after
developing COVID-19. She was prescribed celecoxib
100 mg bid for two weeks before switching to colchicine
0.6 mg bid since it was determined that she had been
exposed to COVID-19 before the commencement of
her neuropsychiatric symptoms. After using colchicine
for three months, her neuropsychiatric problems
progressively improved over 10 to 12 weeks, in part
because of her gastrointestinal (GI) issues (mainly
loose stool). After contracting COVID-19, she did
not have any seizure clusters. Her neuropsychiatric
problems significantly increased when colchicine was
stopped, manifesting as extreme mood swings and
tantrums that were managed by increasing the dosage
of valproate. Celecoxib is still needed for her every
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Fig 1. Changes in spontaneous generation of TNF-a, IL-18, IL-12, TGF-8, and IL-10 by purified peripheral blood monocytes in Cases 1
at different time point. time point 1: before COVID-19, time point 2: after suffering from COVID-19, and time point 3: after colchicine

treatment.
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two weeks to treat behavioral symptoms and flare-ups
brought on by modest immunological shocks such
as microbial infection. Her prior monocyte cytokine
pattern suggested high responses to innate immunity
simulating viral infection, which should be successfully
counter-regulated by celecoxib, even though we did not
study it after her SARS-CoV-2 exposures. Celecoxib
worked well to reduce small flare-ups.

Case 3

Case 3 involves a boy patient with ASD who first
visited our pediatric allergy/immunology department at
the age of 6 with worries about changing maladaptive
behaviors that were often brought on by immunological
insults. He was given an ASD diagnosis when he was
3 years old, but the conventional ASD therapies have
not worked for him. No symptom alleviation was
offered by the hematopoietic stem cell transplant he
had at the university a year before his first visit. He has
since received high-dose intravenous immunoglobulin
(IVIg) therapy for autoimmune encephalitis (AE). But
thorough AE testing came up empty on any AE-related
autoantibodies. Later, SQIg was substituted for [VIg
to reduce post-infectious neuroinflammation. Several
therapies were explored when he arrived at this facility,
including several neurotropic medicines, antioxidants,
and immunomodulating drugs (mycophenolate,
mTOR inhibitor, etc.). A novel discovery of VEEG
anomalies led to the selection of the mTOR inhibitor
sirolimus (19). Following a transient symptomatic
alleviation with sirolimus, the VEEG returned to
normal. No harmful gene variations were found after
extensive genetic testing, including whole exome and
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genome sequencing (WES and WGS). An extensive
immunological evaluation with an emphasis on
neuroinflammation at another hospital produced
no notable outcomes. At age 9, the VEEG changed
once again due to the reappearance of clinically
proven epileptic activity. The purpose of starting
Anakinra was to limit seizure activity while providing
transient symptom relief. However, it became very
challenging to control his behavioral problems.
Then, everyone in the family had COVID-19, and
his behavioral problems became worse. Around that
time, a VEEG showed generalized epileptic activity.
Other healthcare professionals treated him for many
months for seronegative AE with an oral steroid bolus
(dexamethasone 12 mg/day 3 every month) without
any symptomatic alleviation. Since his most recent
deterioration of behavioral issues was probably brought
on by COVID-19, baricitinib, a JAK1/2 inhibitor, was
begun and helped to alleviate some symptoms. Due
to increasing epileptic activity after ceasing sirolimus
post-COVID-19, sirolimus was restarted. It had been
stopped after acquiring COVID-19. With the help
of baricitinib, sirolimus, and mycophenolate, his
health stabilized, even though he continued to have
flare-ups of neuropsychiatric symptoms after each
immunological assault. A brief treatment of colchicine
helped to normalize his behavioral problems due to a
recent immunological assault. Then, for a brief period,
minocycline was used in the hope that inhibiting
indoleamine 2, 3-dioxygenase (IDO) function would
provide further symptomatic relief for the acute
worsening of his neuropsychiatric symptoms, which
were ostensibly brought on by a viral illness. It did
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Fig 2. Changes in spontaneous generation of TNF-a, IL-18, IL-12, TGF-8, and IL-10 by purified peripheral blood monocytes in Cases 3 at
different time point. time point 1: before immune activation, time point 2: after immune activation by viral infection (not SARS-CoV-2), time

point 3: after suffering from COVID-19.
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alleviate certain symptoms..

Monocyte Cytokine Profiling Variations Prior to and
Following COVID-19

For Cases | and 3, it was possible to compare the
monocyte cytokine patterns before and after being
infected with SARS-CoV-2. In Case 1, the most striking
observation was a rise in the spontaneous generation of
inflammatory (IL-18), tumor necrosis factor-o (TNF-a),
and IL-12) and counter-regulatory (IL-10 and TGF-8)
cytokines 14 months after COVID-19 disease (time
point 2). 4 months after commencing colchicine, these
increases recovered to their baseline levels (time point
3). In Case 3, there was a considerable aggravation
of his neuropsychiatric symptoms that increased the
endogenous production of inflammatory cytokines
(IL-18, IL-10, IL-12, and TGF-B) before COVID-19
treatment (time point 2). Eight months after being
exposed to COVID-19, a similar rise in monocyte
inflammatory cytokines was still present (time point
3). The TNF-a synthesis also rose spontaneously after
COVID-19. For both Cases 1 and 3, it seems that
COVID-19 had less of an impact on the generation of
these mediators in reaction to innate immunity cues.
Significant variations in IL-6 serum concentrations
throughout the antepartum and postoperative phases
have been linked to an increased risk of ASD, according
to the research (20). In the situations that are being
discussed, we have analyzed IL-6 generation but have
not seen any notable alterations. The fact that plasma
IL-6 concentrations reflect synthesis from numerous
cellular origins, not only monocytes, and that they have
a lengthy half-life in the serum may be related to this.

DISCUSSION

According to reports, the clinical presentation of
protracted COVID illness often includes neurological
and neuropsychiatric symptoms including “brain fog.”
Even if one only has modest COVID-19 symptoms,
this may still happen after getting over the acute period
(21). In ASD participants for whom the early stages
of COVID-19 were either moderate or asymptomatic,
the examples described here demonstrate a range of
clinical symptoms of long-term COVID-19 aftereffects.
According to certain theories (21, 22), a percentage of
people with ASD may have neuroinflammation that is
brought on by intricate interplay between hereditary
and environmental variables. Such ASD patients should
have neuroinflammation flare-ups in response to an
immunological stimulation that activates the systemic
immune system; this condition is likely to happen in
conjunction with a viral disease. Due to a strong and
persistent immunological activation, the formation
of COVID-19 and its long-term repercussions have
been found to impact various organ subsystems,
such as the brain (23-25). Therefore, COVID-19 is
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anticipated to have a significant impact on the level
of neuroinflammation in ASD patients who already
have an inflammatory component. However, when
the COVID-19 epidemic first started, this wasn’t first
understood. In our experience, several ASD patients
had thorough examinations for ailments like AE and
other autoimmune diseases that have symptoms of
ASD. Case | had an autoimmune examination because
of his ongoing lethargy and musculoskeletal problems.
The fact that his mother had identical clinical symptoms
after getting COVID-19 at about the same period as
the patient in his instance, however, gives us a hint for
identifying the severe, long-lasting consequences of
COVID-19. We were able to identify the ongoing in
vivo activation of monocytes and macrophages thanks
to the rise in spontaneous monocyte inflammatory
cytokines (Figure 1) as well. We weren’t yet sure
which immunomodulating drugs would be effective
in managing his condition. Others’ research on the
immunological activation caused by COVID-19,
however, highlighted the significance of the signaling
pathways that activate type I IFNs, which then activate
the inflammasome systems (23, 24, 26). These results
prompted us to think of using inflammasome blockers
to modulate the downregulation stimulation of cells
of the monocyte/macrophage lineage. A study with
inhibitors of generated phagocytic cells was deemed
reasonable given that this individual has been receiving
treatment with an mTOR blocker (sirolimus), despite
reports of the continued presence of stimulated T and B
cells (20). Additionally, colchicine has been shown to
have a positive effect on COVID-19, however, most of
these publications only addressed the acute phase of the
disease (27-29). Even one year after COVID-19, we
saw a rise in the spontaneous generation of monocyte
cytokines, which led us to believe that colchicine
should be tested. He did show positive reactions. The
significance of carefully choosing immunomodulating
drugs appropriate for each condition may be highlighted
by this example.

Despite the patient in Case 2 being asymptomatic and
intheacuteperiod of COVID-19, we wereabletoidentify
the likelihood of protracted COVID-19 immediately.
Given her subsequent hypogammaglobulinemia,
which was probably brought on by the high dosage of
valproate (17), and Case 1’s positive clinical outcomes
with colchicine, she also was given colchicine and had
a positive clinical outcome. However, this participant’s
neuropsychiatric issues became worse after the
colchicine was stopped because of GI difficulties.
This example also demonstrates the potential for even
asymptomatic COVID-19 to potentially have serious
neurological consequences, necessitating the potential
need for an extended course of immunomodulating
medications that target protracted COVID.

Among the most challenging examples, we came
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across was Case 3, which is depicted in this article.
Despite a trial of many immunomodulating drugs, the
patient’s immune system was in this instance already
noticeably active in vivo, as seen in Figure 1. He most
likely had neuroinflammation that was made worse by
COVID-19. After he developed COVID-19, we used
baricitinib, a JAK1/2 inhibitor, to disrupt downstream
type 1 IFN signal transduction given the past usage
of other immunomodulating drugs that targeted
different signaling pathways. In extreme COVID-19
patients, baricitinib has been shown to have positive
immunomodulating actions and has been suggested as
a viable COVID-19 treatment drug (30, 31). Baricitinib
produced some clinical results in the patient, but once the
immune system was subsequently activated by infected
contacts (not COVID-19), its pharmacological effects
vanished (32-34). To suppress the post-COVID-19
immune reaction, colchicine was subsequently
administered to have a wider anti-inflammatory impact.
The patient appeared to gain from receiving therapy that
included both colchicine and baricitinib. This serves as
an example of a situation in which a combination of
several immunomodulating drugs may be necessary (30,
35). In example 1, the individual was already receiving
mTOR inhibitor therapy (sirolimus). The good response
to colchicine that was seen may have benefited from this.
Based on these three clinical studies, it is challenging to
provide comprehensive management recommendations
for extended COVID in ASD patients because of the
well-known variability of ASD. Instead, the instances
are offered to highlight the difficulties in treating
ASD patients and the potentially severe consequences
of COVID-19 on these individuals. The instances
mentioned may point to the necessity for individuals with
ASD to have customized care, particularly if immune-
mediated inflammation contributes to their behavioral
dysfunction, as it does in extended COVID-19 disorder.

CONCLUSION

Overall, the three instances show that, even though
COVID-19’sclinical signsare moderate orasymptomatic,
the virus may have dramatic, long-lasting effects on
immunological activation, which might manifest as a
marked worsening of neuropsychiatric symptoms in
ASD participants. Such late-onset, long-lasting impacts
of COVID-19 may be readily disregarded in the ASD
community due to pre-existing, challenging-to-treat
ASD behaviors and inadequate expressive language.
Treatment of ASD individuals with extended COVID
disorder will need a deeper understanding of the
condition and available therapy alternatives.
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Abstract:

A model system for precision medicine has been suggested using tumor organoids.
Tumor organoids are unique for cancer research on a patient-by-patient basis because
they are able to preserve properties of the original tumor. As a result, it is alluring
to consider using tumor organoids to improve patient outcomes during clinical
decision-making. Patient outcomes have a good correlation with tumor organoid
responses to a variety of medicines in vitro. Before application in clinical cancer
care can be considered, however, there are still significant obstacles to be overcome
and large cohort prospective trials are desperately needed. Tumor organoids
offer a lot of potential in preclinical research due to their unique traits and direct
connection to patient data. Here, we have evaluated the most recent developments
in the development and use of cancer organoids grown from patients for cancer
biology research and customized treatment. We have concentrated on the potential
of organoids as a platform for the discovery and creation of innovative targeted

therapies for the most intractable malignancy, pancreatobiliary cancer.

INTRODUCTION

Human health is seriously threatened by cancer.
The genetic makeup of many tumors has increasingly
becomeknown with the advancement of next-generation
sequencing technologies. On the basis of the biological
profile of malignancies, scientists throughout the
world have been trying to develop molecular targeted
treatments (1, 2). Nevertheless, only a few number of
medications have received FDA approval following
clinical studies (2). Treatment for cancer patients
has changed over the past ten years, moving from
treatment based on tumor type to treatment based on
molecular features of a tumor or its microenvironment.
This strategy, also known as precision medicine or
individualized treatment, has improved the prognosis
for many patients with advanced tumors and is being
used in (neo-) adjuvant research (3).

Precision medicine has been driven by extensive
tumor sequencing studies that resulted in the
identification of various therapeutic targets. Although
several breakthroughs based on DNA sequencing
have been recorded, it is also evident that the majority
of cancer patients still have an urgent demand for
effective therapies (5). The emphasis on genetic
abnormalities in a small number of coding areas has
substantial drawbacks and fails to recognize or convey
the disease’s complexity. DNA sequencing has so far
provided information on the factors that cause cancer
that are rather well kept throughout the course of the
disease, but it does not include additional modulators

such epigenetic modifications or the impact of non-
coding areas. These modulators are far more dynamic,
and itis difficult to understand how they are relevant (6).
Although cancer is a hereditary disorder, understanding
the underlying malignant pathways at all cellular
levels is important for developing effective therapies
(6). It is obvious that there is a considerable need for a
dynamic, adaptable model system that enables in-depth
investigation of various aspects of tumor biology and
accurately mimics the behavior of the primary tumor in
patients. Ex vivo tumors that are alive and developed
from individual patient have inspired a lot of interest
in developing precision medicine. It is now feasible
to grow tumors in three-dimensional (3D) structures
on an individual basis according to the development
of new technology. These so-called “organoids” are
multicellular in vitro structures made from adult or
embryonic stem cells that exhibit self-organization and
self-renewal, as well as characteristics that match those
of their origin tissue (7). In comparison to traditional
2D cell lines or patient-derived xenografts (PDXs),
patient-derived cancer organoids (PDCOs) may be
more appropriate for cancer research. In this article, we
discuss PDCOs’ present situation and potential for the
future (8). We paid special attention to pancreatobiliary
cancer organoids and their usage in personalized
medicine. Our goal was to demonstrate their potential
as a cancer model to better understand cancer biology
and evaluate possible treatments in vitro, which would
eventually lead to clinical applications and more
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translational research.

Dimensional culture and organoid structure

An organoid is a 3D cell culture model that is similar
to the source organs in the body. Additionally, an
organoid is a population of cells that are specialized to
an organ that are created from adult stem cells (AdSCs)
or pluripotent stem cells (PSCs) (9). They can self-
form similarly to the body by cell sorting and spatially
constrained lineage differentiation. Currently, research
including drug testing, disease modeling, and tissue
regeneration and repair frequently employ animals as
models; however, these models do not fully represent
the physiological properties of the human body (10).
The novel in vitro model organoid fills the gap between
human beings and animal models by painstakingly
recreating the cellular make-up and activity of a
typical organism to mimic the physiological makeup
of human organs (11). Organoid building benefits
from personalization, rapid modeling, high-throughput
genetic or pharmacological screening, and the potential
for genetic modifications. In the fields of basic biology
research, drug testing, and molecular medicine,
organoids have emerged as a contemporary research
hotspot with significant theoretical implications and
promising future development (12). However, there
are some disadvantages to organoid fabrication,
including the inability to accurately replicate the in
vivo microenvironment, insufficient vascularization,
the slightly different size of organoid self-organization
from that of normal organs, the lack of precise spatial
ordering, and the lack of a recognized co-culture
system with other cell types. Some of these drawbacks
have been addressed by recent bioprinting methods
(12).

Culture of organoids

Organoids are divided into two groups based on
the features of their stem cells. Organoids made from
pluripotent stem cells are the first, while organoids
made from adult stem cells are the second. Both
separate adult stem cells and organ-specific tissue
pieces can be used to create organoids (13, 14). Cells
may multiply in culture for a very long period while
retaining their genetic stability and loyalty to their
original tissue provided the right circumstances are
met (15). The adult functioning tissues and somatic
mutational processes in these cultures can be used as
models for researching stem cell biology. Organoids
are  three-dimensional  structures  containing
differentiated epithelial cells that have the capacity to
self-organize and show important activities as mini
organs when growth factors and suppressors are given
to the media. With the identification of various niche
factors that maintain specific microenvironments,
it has become possible to culture organoids derived
from various organs (7). Wnt, extracellular antagonist
of BMP proteins (Noggin), inhibitor of TGF- type 1
receptor (A83-01), fibroblast growth factor, epidermal
growth factor (EGF), epidermal growth factor (EGF),
prostaglandin E2, nicotinamide, R-spondin, gastrin-I,
and N-acetylcysteine amide are some of these niche
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factors. Organoids generated from a variety of organs,
including the breast gland, bone, small intestine,
stomach, colon, lung, liver, pancreas, prostate,
fallopian tube, salivary gland, and tongue, have
been described. Particularly, organoid technologies
are adaptable (7). Theoretically, tiny tissue samples,
which are normally taken by biopsy or from surgical
specimens, can be used to start organoid cultures (7).

Cancer Organoid

Organoids offer enormous promise for use in
many different contexts, including models for cancer
progression, immunotherapy, and genetic illnesses.
Among these, the available research suggests that
organoids are preferable to 2D cell lines or PDXs
as cancer models (16, 17). PDXs and cancer 2D
cell lines, which are frequently employed as human
cancer models, have major drawbacks despite having
made substantial contributions to the field of cancer
research. First, generating cell lines often has poor
success rates, making the creation of cancer cell lines
from primary tissue relatively ineffective (18). This
is mostly because it can be difficult for cells to adapt
to in vitro 2D growing circumstances. Additionally,
because only a few clones are expected to persist and
proliferate, the cultures occasionally fail to accurately
recreate the genetic diversity of the original tumor. In
order to examine the driver mutations necessary for
tumor start and development, 2D cell lines may not
be superior than organoids (19).

Fresh tissue from a patient is implanted into
the subcutis or another orthotopic location in
immunodeficient mice to produce PDXs. In contrast
to 2D cultures, PDXs can accurately recreate the
tumor microenvironment in a 3D structure, including
the interaction of cancer cells with the stroma and
the development of blood vessels [20]. However,
PDX is a labor-intensive and expensive approach
that has trouble engrafting and needs considerable
resource inputs for its upkeep, making it unsuitable
for high-throughput drug screening or genetic editing.
Additionally, this method takes time and could need
a tumor adaption particular to the host (the mouse)
(20).

A number of cancer organoid cultures originated
from humans have been created recently, and
some information exploiting the characteristics of
organoids has been presented (21-23). Depending
on the kind of tumor, PDCO cultures have varying
degrees of success. Organoid lines for colon,
breast, lung, and liver malignancies were reported
to be established with 90%, >80%, 70%, and 100%
success rates, respectively. However, several tumor
types or early-stage cancers, such as biliary tumors,
intraductal papillary mucinous neoplasms of the
pancreas, and ovarian tumors, are still challenging
to culture and have poor chances of success. As
described in more depth in following parts, cancer
organoids have developed into a tool for research
that integrates genetic editing methods with drug
susceptibility testing, immunotherapy, and tumor
microenvironmental investigations (22, 24, 25).
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Fig 1. Organoid culturing and thorough genotyping are both components of the genotype-oriented, personalized medicine paradigm that we
promote. Exome sequencing and organoid culture were combined in our model, which made it possible to find genotype-oriented targets for
personalized medicine and evaluate the effectiveness of potential targeted medications in organoids.

Tumor organoid implementation in clinical decision
making
Recent successes and future difficulties

In contrast to static sequencing data, tumor organoids
keep the characteristics of the original tumor and
provide the opportunity to investigate specific tumors as
dynamic systems. MThe necessity for such a dynamic
system is highlighted by the persistently high failure
rate of medications evaluated in clinical trials, with
success rates for cancer therapies in phase I-1II clinical
trials being as low as 3.4% (26). Tumor organoids may
facilitate the transition from the bench to the bedside
by providing a more flexible and individualized
perspective on cancer biology and therapy response.
Many scientists across the world have employed
tumor organoids to address their scientific issues and
generated a lot of data since the creation of the first
organoid cultures made from stem cells (27). Long-
term tumor organoid cultures may now be produced
from a variety of human epithelial tissues, including
the colon, liver, lung, pancreas, prostate, ovaries,
bladder, breast, endometrial, esophagus, and others
(27). In recent years, sizable live biobanks of tumor
organoids have been developed, and this work has been
widely described and debated by others. Along with
such successes, further research on long-term organoid
cultures indicates that organoids retain the phenotypic,
genetic diversity, and mutational fingerprints of the
original tumor sample. Furthermore, compared to
other model systems, tumor organoids have better
qualities. They fall between cell lines and patient-
derived xenograft (PDX) models due to their biology.
Transforming human malignancies into cell lines is far
more difficult than doing it with organoids (28, 29).

The creation of a cancer cell monoculture from
patient tissue has a reported success rate of about
26% for various cancer types. On the other hand,
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tumor organoids can be more easily established, less
expensive to maintain, and do not require the use
of experimental animals, in line with ethical goals
regarding animal welfare (30). Tumor PDX models,
however, continue to be the only system to capture
individualized tumor growth in vivo, surrounded by
and in crosstalk with the tumor microenvironment
(TME) and parts of the immune system. All of the
aforementioned benefits are crucial for clinical
application and enable individualized tumor biology
analysis by researchers (30).

The idea of taking a tumor specimen from a
patient, producing and growing organoids, subjecting
the patient-derived tumor organoids to a variety of
medications, and then treating the patient with the
best drug or combination of treatments appears to
be within reach at this point. This would genuinely
represent the best bench-to-bedside approach to
cancer treatment (31). This strategy has been used by
several organizations, including ours, and associations
between organoid cultures before and after treatment
and susceptibility to a certain medicine have been
discovered. The hurdles that need to be overcome in
order to properly harness the potential utility of tumor
organoids for clinical decision making, however, have
also been highlighted by humble experiences (32).
The success rate of growing organoids varies between
tumor types, allowing therapeutic translation to a
minority of cancer patients even though it is higher
than that of two-dimensional (2D) cultures. Resection
vs biopsy, tumor cellularity, and the beginning material
are all crucial elements in influencing the success of
a culture, according to our experiences and those of
others (33).

These variables differ significantly across different
tumor types and are unquestionably a rate-limiting
stage in the therapeutic use of organoids. Once a culture
has been formed, the growth rate varies depending on
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the tumor type, the intra- and inter-patient samples,
and the culture itself. Slow-growing samples might
cause a delay in making prompt decisions (34). It
is not yet known whether they accurately reflect the
features of the original tumor or if they could provide
unintended biases in in vitro drug testing that rely on
cellular growth. Additionally, cultivating organoids
is time-consuming, and the necessity for a particular
culture medium with a variety of growth factors is
pricey and requires careful consideration based on the
experimental outcome (35). ALK inhibitor A83-01
and p38 inhibitor SB202190 are two typical additives
to organoid culture media that may interact with
medications that target the same signaling pathway.
Also a concern in prostate and non-small-cell lung
cancer, contamination of normal epithelial cells can be
damaging to the purity of organoid cultures. In addition
to methodological difficulties, tumor organoids fail to
include the TME, such as fibroblasts or immune cells,
for instance (36). This has been somewhat addressed
by the development of co-cultures, which are detailed
below, but it still presents a challenge, particularly with
regard to immunotherapy. It will be essential to find
solutions to the existing issues if tumor organoids are
to be used clinically.

View of pancreatobiliary cancer

PBC (pancreatobiliary carcinoma) is an incurable
condition with a dismal prognosis. The lowest 5-year
survival rate of all solid malignancies is found in those
with pancreatic cancer, which is only 8%. Biliary
cancer has a 5-year survival rate of about 25%, which
is much lower than that for other gastrointestinal
malignancies. Over the past few decades, PBC
incidence and death rates have risen around the globe.
To extend survival, curative resection with a negative
surgical margin is required. The best therapeutic option
is still surgical resection, however this has a major
impact on the course of the disease. However, many
patients with PBC have unresectable tumors when they
are diagnosed, and thus have few chemotherapeutic
alternatives available to them. Therefore, the creation
of potent therapeutic medicines is critical (36, 37,
38). The emergence of next-generation sequencing
technology has shed light on the genetic origins of
PBC. Several molecularly targeted medications have
been created recently, some of which have been
administered to PBC patients. For instance, ivosidenib,
an oral inhibitor of isocitrate dehydrogenase type 1,
dramatically increased progression-free survival in
patients with biliary cancer (IDH1) (39). Additionally,
pre- and post-effectiveness chemotherapy’s for PBC
has been evaluated. Adjuvant chemotherapy is now
the new standard of care for pancreatic cancer patients
who have had resection; however, neoadjuvant
chemotherapy may also be a normal procedure. In the
past, prolonged surgery was used to treat PBC; today,
multimodal therapy is used instead (40).

PBCs have distinctive mutational profiles compared
with other cancers. TP53, SMAD4, KRAS, CDKN2A,
and other gene alterations are often seen in pancreatic
tumors. In particular, KRAS mutations are present
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in over 90% of pancreatic ductal adenocarcinomas,
demonstrating the critical role aberrations in the
RAS signaling pathway play in the development of
pancreatic cancer (41). Additionally, in pancreatic
tumors, other pathways and processes other than RAS
signaling, including CDK, TGF-, SHH, JNK, and
integrin signaling, are complicatedly changed, with
some of the modifications frequently overlapping (42).
Several different genes, including ARID1A, ELF3,
ERBB2, IDHI1, IDH2, KRAS, PIK3CA, and TP53,
are mutated in biliary cancers. Biliary malignancies
don’t frequently exhibit distinctive somatic mutations;
as a result, each tumor has a unique mutation pattern.
Cancers with somatic mutations frequently present a
target for molecularly targeted treatment. However, the
variety of somatic mutations present in each patient
makes the development of individualized therapy
approaches necessary (42).

Organoid-derived pancreatic cancer

Compared to other malignancies, patient-derived
PBC organoids have received fewer reports. Despite
recent reports of a procedure for cultivating PBC
organoids, the success rate of these cultures is still
lower than that of other malignancies. There might be
a number of variables that make it difficult to culture
PBC organoids. First, there is a significant quantity of
stroma and just a small number of live tumor cells in
PBC resected tissues. This was particularly evident
in samples of pancreatic cancer collected following
neoadjuvant treatment (43). Second, as discussed in
the previous section, PBC has different mutational
patterns in comparison to other malignancies. These
unique mutational profiles in PBC indicate that
specific culture conditions are necessary to produce
organoids by modifying growth factors to meet the
mutational profile (43). We discovered that the cancer
organoids that were grown from surgical specimens’
tumor portions were mixed with normal epithelial
organoids, and we demonstrated experimentally that it
was required to remove the normal organoids in order
to culture the cancer organoids. Organoids made from
healthy epithelial cells had balloon-like structures
and were devoid of primary tumor mutations, but
organoids made from cancer cells had solid shapes and
did, in fact, contain primary tumor mutations (44). A
technique for the selective cultivation of pancreatic
cancer organoids was described by Seino et al. by
modifying the growth factors given to the culture
media. Due of the high frequency of KRAS mutations
in pancreatic ductal adenocarcinoma (PDAC), their
technique calls for the organoids to first be put in an
environment where EGF is deficient in order to enrich
cancer organoids with an autonomously active EGFR-
RAS pathway. To select probable TP53 or SMAD4
mutant organoids, respectively, organoids that are
amenable to EGF removal are alternatively treated
with Nutlin3 (an MDM2 inhibitor) or Noggin removal/
BMP4 (44).

As with biliary malignancies, our research and
others’ findings show that the mutations are not
only unique from other cancers but also vary across
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different tumors. This means that depending on the
tumor, different culture conditions should be used.
The presence of heterogeneity in a tumor, such as
intraductal papillary neoplasm of the bile duct, is
important and frequently poses significant challenges
to culture (43, 45).

Recent research on PBC organoids has two main
goals. The first is the use of cancer organoids in the
screening of medicines. The second is to study cancer
biology, including how tumor cells and their surrounding
environment interact. Using a panel of 76 distinct
therapeutic agents, Driehuis et al. developed a platform
with 27 patient-derived pancreatic cancer organoids
for high-throughput drug screening (46). Through the
use of organoids and PDXs in treatment investigations,
Hu et al. discovered SIRTS to be a significant tumor
suppressor in PDAC (47). Cholangiocarcinoma (CCA)
organoids were examined for their unique 5- ALA-
based photodynamic activity, and Fujiwara et al.
proposed that this activity may be used as a diagnostic
marker to distinguish CCA from non-tumor tissues
(48). Research and therapy methods that target not
just cancer cells but also the tumor microenvironment,
such as fibroblasts or immune cells, may be necessary
for PBC with an abundance of stroma. A co-culturing
method for pancreatic organoids, fibroblasts, and T
cells was developed by Tsai et al. They observed T
cells invading the Matrigel, moving in the direction
of the organoids, and spreading out at the boundary of
Matrigel domes containing organoids (49). According
to Koikawa et al., pancreatic stellate cells (PSCs)
and organoids were co-cultured in direct contact and
indirect contact systems. Their findings suggested that
matrix metalloproteinase (MMP) 2, which binds to
membrane type-1 MMP (MT1MMP) on PSCs, causes
basement membrane breakdown and stromal invasion
of organoids in direct contact with PSCs (50). Ohlund
et al. were successful in co-culturing fibroblasts and
pancreatic cancer organoids, and they were able to see
how well they cooperated together in terms of growth
morphology (51).

Personalized medicine

A treatment strategy based on a patient’s DNA
profile, environmental factors, and lifestyle is known
as personalized medicine. The genetic profile of the
patient’s tumor should ideally serve as the basis for
customized cancer treatment. Organoids created from
surgically removed tumors of patients might potentially
be highly helpful in developing tailored medication
since they mimic the in vivo characteristics of the
underlying tumor and enable in vitro biochemical
testing. Personalized medicine systems that integrate
thorough genotyping with organoid culture have,
however, only been the subject of a few reports of
effective implementation (52, 53).

Ideally, the tumor’s genetic profile should serve as
the basis for personalized cancer treatment. Finding
genotype-oriented targets and choosing candidate-
targeted treatments for cancers would be reasonable
and effective (54). As an alternative, multidrug
screening on cell lines originating from tumors may be
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useful to verify this impact. However, the generation
of 2D cancer cell lines from primary tumor materials
is relatively ineffective, and cancer cell lines do not
always phenotypically mimic real malignancies (54).
The organoid, often known as “a miniature of organ,”
inherits the gene alterations and characteristics of the
parent tumor. Previous publications claim that even
after prolonged cultivation of organoids, there is
minimal genetic alteration. As a result, it is anticipated
that organoids created and cultivated from recent tumor
samples would be helpful in developing individualized
treatment. Translational research on cancer should
benefit greatly from using PDCOs as models (54).

The PDCO has been claimed to have some significant
applications as a model for personalized medicine,
which is predicted to benefit patients. The first is
multidrug screening, like high-throughput screening.
Organoids are ideal for multi-drug screening because,
with the proper adjustments to the culture conditions,
numerous clones may be produced quickly (46, 55, 56).
High-throughput screening is acceptable for quickly
identifying certain successful medications or finding
novel compounds. Saito et al. performed a multi-
drug screening of 339 therapeutically available drugs
on biliary tract cancer organoids and experimentally
showed that 22 substances, including antifungal
agents, HMG-CoA reductase inhibitors, and dopamine
D2 receptor agonists, inhibited organoid development
(54). So, the benefit of multi-drug screening, such as
high-throughput screening, is the discovery of novel
medications and unexpected outcomes. In order to
create an organoid from peritoneal diffused colorectal
cancer, Narasimhan et al. conducted multi-drug
screens. After conventional surgery and five cycles
of chemoradiotherapy, they were able to discover a
novel agent from the findings of drug screening that
was clinically successful in patients with progressing
illness (57). Four patients’ main pancreatic cancer
tumors and the organoids that were created from them
were studied by Drichuis et al. for correlations in
gemcitabine sensitivity. In all four cases, the sensitivity
to gemcitabine was essentially same between original
tumors and organoids, indicating that organoids can
be used as a personalized medication in vitro testing
paradigm (46).

Additionally, using organoids for the verification
of genome-driven targeted treatments is particularly
helpful for choosing individualized therapy for
specific patients (46, 58, 59). According to certain
biological pathways, Broutier et al. confirmed genomic
alterations in original tumors and patient-derived
cancer organoids. These pathways were the focus of
the selection of potential targeted medications, and the
effectiveness of those medications was examined in
organoids (60).

Organoids have also been used in certain trials
on immunotherapy. Nael et al. created a coherent
group of endogenous syngeneic tumor-infiltrating
lymphocytes (TILs) and primary tumor epithelial cells
in co-culture. Immune checkpoint inhibition using
anti-PD-1 and/or anti-PD-L1 increasing and activating
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tumor antigen-specific TILs and inducing tumor
cytotoxicity was successfully reproduced in human
and mouse organoids (61). In order to investigate the
cytotoxicity of lymphocytes made with a chimeric
antigen receptor (CAR) in patient-derived colon
organoids, Schnalzger et al. created a platform. They
showed effective targeting in a variety of organoids
utilizing CAR-engineered NK-92 cells that were
targeted toward a common epithelial antigen, and
CAR-NK-92 cells that were directed toward organoids
expressing EGFRvIII were used to study tumor
antigen-specific cytotoxicity. Finally, they presented
a sensitive in vitro platform for a tailored assessment
of CAR effectiveness and tumor specificity (62).
Organoids have also been used in various customized
medical models, albeit the number of reports is still
fairly modest. Forsythe et al. tested the most effective
treatment temperature and medication concentration
for hyperthermic intraperitoneal chemotherapy in 23
instances using organoids obtained from appendiceal
cancer or colorectal cancer (HIPEC). They came to the
conclusion that the best perfusion protocol differed by
patient and that organoid technology may provide a
platform for customizing HIPEC settings to the level
of each individual patient (63).

For the practical use of customized therapy with
patient-derived cancer organoids, there are various
obstacles to be addressed. First, it is essential to reduce
the length of culture period and raise the success rate of
organoids. Depending on the tumor, organoids grow at
varying speeds and have varying degrees of success in
culture (64). The second point is creativity in cultivating
from the tiny sample of the following: If it is possible
to grow cancer organoids from needle biopsy or liquid
cytology samples, they can be used to test medications
for neoadjuvant chemotherapy or even for resectable
tumors that are not amenable to surgery. There have
been a few reports on this strategy thus far, but they are
relatively sparse (65). The third point deals with the
impact of tumor heterogeneity, which is unavoidably a
component of the tumor but does not entirely capture its
characteristics. Even from a single-cell clone, a tumor
is often a mass of heterogenic clones; the organoids
must have only received some of the tumor’s traits.
Fourth, the candidate-targeted therapy approach using
genomic profiling may not produce any therapeutic
drugs that are clinically available (66). However, high-
throughput multi-drug screening with non-anticancer
agents may reveal unexpected drugs that are effective
for some cancer cells with the above-mentioned distinct
phenotypes, which could result in the discovery of new
antitumor drugs. Moreover, investigations on radiation
treatment using patient-derived organoids may offer
substitutes, even if the number of patients is currently
small.

CONCLUSIONS

We examined the technical advancement of cancer
organoids and their present uses in cancer research
and personalized treatment. In the study of cancer
biology and translational medicine, PDCOs offer a
lot of potential. It works well for evaluating potential
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targeted medications found through multi-omics
analysis. Organoid-based research is now used in
radiation treatment and immunotherapy as well as
targeted medication screening. Furthermore, systems
have been established that allow for the in vitro study
of the tumor microenvironment employing cancer
organoids in combination with immune cells and
stromal cells, such as lymphocytes and fibroblasts,
respectively. There are still certain hurdles to clear
for therapeutic applications, such as speeding up,
stabilizing, and simplifying methods for cultivating
and studying cancer cells. Organoids are expected to
grow in versatility in a variety of malignancies and
provide a greater contribution to the study of cancer.
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Agilent

Real Time PCR Instrument

Made by Agilent USA
4 channels with the ability to upgrade to 6 channels

Feature Description

Excitation Source 8 dye specific LEDs per optical module

Detection Sources 8 photodiodes

Optical Cartridges SYBR/FAM
HEX
ROX
CY3
CY5
ATTO425
6 slots, swappable optical modules

Dye Selection Excitation and Emission

Reaction Volume 10 uL to 30 pL
Chemistries Supported ~ SYBR, Probe, HRM
Thermal System

Six Peltiers made from two ceramic plates with
semi-conductor elements, 96-well
Thermal System 25.0 -99.9°C
Temperature Range Heating: 6.0°C/sec
Cooling: 3.0°C/sec (Median), 2.5°C/sec (Average)
Accuracy: + 0.2°C or better at typical annealing,
amplification, and denaturation temperatures
Dynamic Range 9
Quantitative PCR with dye, Quantitative PCR
with probe, Allele Discrimination with HRM,
Allele Discrimination with probe, Comparative
Quantitation, User Defined
Uniformity +0.4°C

Experiment Types

Data Acquisition Time <3 seconds for all
Cq Uniformity Cq St Dev <0.20 at fast cycling (5s 95°C/10s 60°C)
Electrical Power (input) 100 - 240VAC, 50/60Hz, 1100VA

Operating Environment 20 - 30°C, 20 — 80% non-condensing humidity,
7500 feet, max altitude

Weight 50 Ibs. (23 kg)
Dimensions 19.7"Wx18.1“Dx 16.5"H
(50cm x 46¢cm x 42cm)

For more information contact us
+ 98(21)88985291-3
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Feature Description

Sample Containers 96-well plates, strip tubes; 0.2 mL tubes

Warranty + 1-year warranty is standard with the instrument
« 5-year warranty and service packages available

Onboard Analytics « Thermal, physical, interactive (sensors) tests

« Extended: 125 performance points tested in
30 minutes

« Start-up: 59 performance points tested in ~
1 minute

« Optional bypass of both features

Services (upon request) - Installation and familiarization
+ Standard and Enhanced Preventative Maintenance
+ Additional year warranty (+1 increments, up to 5
years coverage)
* Return-to-Agilent Instrument Exchange Program
+ Thermal block verification

* Windows 7 and 10

Operating System

MS Office Compatibility + Microsoft 2010 and 2013 compatible

Run Modes + Stand alone
+ PC connected
+ LAN connected to PC (more than 20 instruments
can be connected and monitored remotely)
+ USB connected, external devices

Software Free software including LIMS connectivity

Optical Module « All channels can be tested and calibrated
Calibration and « All attributes of optical channels are calibrated
Cleaning at the factory - LED light output, light path, mirror,
and photodiode
+ Optical modules can be cleaned in lab without
Agilent technician or sending back to factory

Selected Applications + Quantitative and qualitative gene expression

analysis

+ miRNA analysis

+ Genetic mapping

« Genetic fingerprinting

+ NGS library quantification

+ 2-6 channel multiplex ability

* HRM analysis (including genotyping, mutational
analysis, and class IV SNP detection)

« Pathogen quantification
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