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A New Era in Toxicology Research: Systems Biology and Synthetic Biology 
Calreticulin's Biological Functions in Cancer
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Abstract
Systems biology and synthetic biology are emerging disciplines that are increasingly being used in various areas of 

bioscience. Toxicology is starting to beneýt from systems biology, and we believe it will beneýt from synthetic biology in 
the future. As a result, a new epoch is on the horizon. This review demonstrates how a suite of novel techniques and 
tools can be used to better understand complex health and toxicology issues. We discuss the limitations of traditional 
computational approaches to toxicology and epidemiology research, using polycyclic aromatic hydrocarbons (PAHs) 
and their e ects on adverse birth outcomes as an example. We discuss how systems toxicology (and its subdisciplines, 
genomic, proteomic, and metabolomic toxicology) can help to overcome such constraints. We speciýcally discuss 
the beneýts and drawbacks of mathematical frameworks that computationally represent biological systems. Finally, 
we discuss the emerging discipline of synthetic biology and highlight relevant toxicologically focused applications of 
this technique, such as advancements in personalised medicine. We conclude this review by highlighting several 
opportunities and challenges that may shape the future of these rapidly evolving disciplines.

Calreticulin is an endoplasmic reticulum chaperone protein that is involved in a variety of cellular processes. It was 
discovered in 1974 to be a Ca2+-binding protein. Calreticulin appears to have a signiýcant impact on the development 
of various cancers, and the e ect of calreticulin on tumour formation and progression may vary depending on cell 
type and clinical stage. Calreticulin on the cell surface is thought to be a "eat-me" signal that promotes the immune 
system's phagocytic uptake of cancer cells. Furthermore, several studies show that manipulating calreticulin levels 
has a signiýcant impact on cancer cell proliferation, angiogenesis, and di erentiation. Aside from immunogenicity 
and tumorigenesis, interactions between calreticulin and integrins have been described during cell adhesion, which 
is an important process in cancer metastasis. Integrins are heterodimeric transmembrane receptors that connect 
the extracellular matrix to the intracellular cytoskeleton and initiate either inside-out or outside-in signalling. More 
and more evidence suggests that proteins binding to integrins may inþuence integrin-cytoskeleton interactions and 
thus cell adhesion ability. In this study, we reviewed the biological roles of calreticulin and summarised the potential 
mechanisms by which calreticulin regulates mRNA stability and thus contributes to cancer metastasis.
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Introduction

Many areas of biological sciences and clinical medicine benefit 
from the application of the emerging disciplines of systems biology and 
synthetic biology. Toxicology research is no exception, and in recent 
years, toxicological procedures have begun to incorporate a wide range 
of computational techniques and artificial biological approaches for 
assessing the toxicological risk of chemicals. Historically, population-
based studies of disease risk associated with environmental exposures 
relied on statistical associations for causal inference. The application 
of novel integrated approaches to toxicology investigations will 
improve our ability to distinguish causally relevant events between 
environmental exposures and disease outcomes [1]. Systems biology 
is one such approach.

The term "systems biology" refers to the study of the complex 
mechanisms underlying biological systems by treating the behaviour 
of genes, proteins, biochemical networks, and physiological responses 
as integrated parts of a larger system. As a result, the term "systems 
toxicology" was coined to describe the use of systems biology approaches 
in toxicological research. In practise, this method entails gathering 
large amounts of data from a variety of sources, including genomic, 
biochemical, proteomic, and metabolomic data [2]. This information 
is then used to inform computational models that can investigate the 
quantitative and qualitative behaviour of biological systems under a 
wide range of conditions. The primary benefit of this approach is the 
researcher's ability to model a wide range of complex biochemical 
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events, many of which occur concurrently. This is in contrast to the 
reductionist approach of studying biological systems by focusing on a 
single small component that operates in isolation. Another approach 
that has the potential to change the face of toxicology is synthetic 
biology. It sits at the crossroads of several scientific disciplines, 
including chemical and electrical engineering, biology, bioengineering, 
and computational modelling. In fact, computational modelling is the 
glue that holds the fields of systems and synthetic biology together. 
Recent advances in this field have seen the creation of synthetic genetic 
circuits, gene promoters, proteins, and a wide range of synthetic 
biomolecules [3].

This review will provide a brief overview of some of the more 
traditional approaches to toxicological research before delving into 
recent developments in systems and synthetic biology that are relevant 
to toxicology research. The emerging face of toxicology research 
is systems biology and synthetic biology, which involve modelling 
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Systems Level Thinking Is Needed in Population-Based 
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studies and a decrease in the expense of these research projects. But 
before it can be completed, this initiative must go through a variety 
of restrictions and challenges. For example, it would be essential to 
deepen our understanding of the biological processes underlying 
glucuronidation. Additionally, it would be important to expand our 
understanding of how toxicant-toxicant interactions affect how the 
route behaves. Such a technology would have enormous potential 
and surely influence how toxicant investigations are carried out in the 
future.

Conclusion
We outlined the supporting data for CRT's influence on the 

emergence of cancer in this review. Notably, bad outcomes in several 
cancer types are substantially linked with aberrant CRT levels. 
Numerous studies have demonstrated that CRT takes part in a 
variety of cellular processes both inside and outside of the ER lumen. 
Protein chaperoning and Ca2+ homeostasis are the two main roles 
of CRT, however growing data suggests that non-ER CRT also plays 
a critical part in tumour growth. Interaction with integrins is one of 
the significant CRT-mediated mechanisms that controlled cancer cell 
adherence. A variety of integrin cytoplasmic-binding proteins are 
affected by integrin activation, which affects cytoskeletal dynamics in 
addition to linking to extracellular matrix. Since FUT1 levels affect 
integrin glycosylation, CRT has gained recognition as an integrin 
-subunit binding protein that can aid in 1-integrin activation. It will 
be vital to comprehend how CRT controls cell adhesion in light of this. 
How CRT levels were raised in various cancers remained a mystery. 
Future research should be necessary to identify the potential upstream 
signal of CRT-related cancer progression, and these findings will clarify 
the functions of CRT in the biology of cancer.

There are several restrictions on systems and synthetic biology. The 
extent to which these problems are resolved will determine how well 
these new fields continue to be integrated with toxicology research. The 
calibration of computational models is one of systems biology's main 
present limitations. This has important ramifications for toxicological 
research because risk assessment is crucial and highly sensitive models 
limit their potential utility. However, it is expected that mechanistic 
computational systems modelling will be used more frequently once 
tools for inference, such as Bayesian computational methods, and 
optimization are used to calibrate systems models. It's a good thing 
that recent initiatives have centred on overcoming this important 
computational systems modelling constraint. Personalized medicine is 
a keyword that is worth examining if one thinks about the potential 
future chances for these fields, and one might accept that personalised 
toxicology has comparable implications. Systems biology, however, 

offers the possibility of individualised toxicology. Think about, for 
instance, how modifying a model to reflect the various CYP enzyme 
activity for drug metabolism, in addition to age-related changes in 
enzyme activity, may be easily accomplished. In such a case, it would be 
able to forecast the consequences of toxicological exposure on not only 
a certain group but also on a single person, turning enormous datasets 
into simulations that are specific to the individual. The fact that no 
synthetic structure has yet been created that is sufficiently biologically 
accurate to depict how a toxicant or combination of toxicants might 
interact with a whole organ system is a significant limitation of 
synthetic biology from a toxicology perspective. There is a need for an 
innovative method of measuring the toxicity of synthetic and natural 
substances on organ and systemic levels. The synthesis of synthetic 
genetic components has limitations as well because it is frequently a 
time-consuming procedure.
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