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Description
A comprehensive comprehension of the structure and

function of cells, both as discrete units and in the context of
tissues and entire organisms, is required to comprehend what
takes place in pathological conditions and provides the means
for disease combat. In order to develop a research program that
encompasses cell biology, infection biology, and microbiology,
the Institute Pasteur in Paris established the department of Cell
Biology and Infection in 2002. It had the bold goal of creating a
unified framework for cellular microbiology and connecting it to
hard sciences like physics and mathematics and cutting-edge
technology. Because of this idea, the fields of cellular
microbiology and quantitative cell biology have gained a lot of
attention in the past. It has also made it possible to successfully
carry out highly interdisciplinary research programs that link a
molecular understanding of cellular events with disease. The BCI
department now focuses on cancer and neurodegenerative
diseases, two additional diseases. In this section, we will
demonstrate how the integrative research approach of BCI has
resulted in significant scientific advancements over the past ten
years and where we anticipate future scientific opportunities.

Human Physiology and Pathology
Under the right conditions for cell culture, human cells can be

isolated from tissues and maintained and expanded ex vivo.
When placed within the original tissue, cultured human cells
retain some properties, which have advanced human biology
and medical research. Particularly, patient-derived cell cultures
have contributed to the development of therapeutic treatments
and a deeper comprehension of the pathogenic mechanisms of
a number of diseases. For a better understanding of human
physiology and pathology, a comprehensive approach is required
because cultured cells are clearly not the same as cells in vivo.
Additionally, traditional cell cultures are unable to recreate
systemic and structural environments. Organoid technology and
"organs-on-a-chip" or "body-on-a-chip" devices, on the other
hand, are currently intended to resolve these issues. As a result,
human cell culture remains a promising technology for
advancing medical and biological research on humans. Stem cell-
based regenerative medicine, which reconstitutes human
tissues ex vivo using pluripotent and tissue-specific stem cells,
absolutely requires cell cultures. The epidermis is mostly made

of keratinocytes, and keratinocyte stem cells make their
differentiating offspring and keep epidermal homeostasis
constant throughout life. The transplantation of regenerated
epidermal sheets into burn patients has been the first successful
application of cultured human cells for regenerative medicine.
Human keratinocytes, including keratinocyte stem cells, can be
isolated from the skin and massively expanded in culture to
produce squamous sheets. Autologous transplantation of sheets
of retinal pigment epithelial cells generated from iPS cells
derived from patients is one example of a stem cell-based
regenerative medicine that has conceptually followed this
technology's application to cell therapy for ocular surface
reconstruction. As a result, the utilization of pluripotent and
other tissue-specific stem cells in stem cell-based regenerative
medicine will benefit from additional research and technological
advancements pertaining to human keratinocyte culture. The
fundamental components of life are the cells. Organelle-to-
organelle and cell-to-cell communication became important
selection criteria in eukaryotic evolution as
compartmentalization and multi cellularity emerged. From a last
common ancestor similar to the current freshwater algae of the
clade Zygnematophyceae, plants have colonized Earth's land
masses for 450–500 million years. The ability to show adaptive
growth and reproductive success in a mostly non-aqueous
environment with increased radiation and temperature
fluctuations are factors for survival on land. Land plant lineages
have diverged, for example, in terms of body plans, signaling
cascades, and physiology, as a result of this evolutionary
pressure.

Prevention of Unwarranted Inflammation
Supported by the fact that the genome of Physcomitrella

patens was sequenced in 2008 as the first non-vascular plant,
comparative studies have already enabled reconstruction of the
acquisition and loss of many features during land plant
evolution. Due to its high rate of homologous recombination
during DNA repair, which makes it possible to conduct reverse
genetics by targeting genes, Physcomitrella was initially chosen
as the model organism. The use of CRISPR/Cas9 clustered
regularly interspaced short palindromic repeats and forward
genetics approaches has expanded the molecular toolkit for
Physcomitrella to this point thanks to a number of technical
advancements. Due to its small size, straightforward tissue
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organization, distinct cell lineage, and various growth modes, as
well as its intermediate evolutionary position between green
algae and vascular plants, Physcomitrella offers unique
advantages in cell biology. In addition, existing methods for
isolating organelles, initial proteome datasets, and transgenic
lines with fluorescently labeled organelles for studying organelle
dynamics support the use of Physcomitrella in organelle biology.
Recently, a comprehensive review of the application of
Physcomitrella to quantitative cell biology was published.
Physcomitrella-related advances in stress biology, cell-to-cell
communication, and organelle-to-organelle communication are
highlighted in this review of recent advances in cell biology. We
offer a perspective on how this model organism could be used in
future research on organelle interactions and
compartmentalization of plant cells. CD8 T cells eliminate
cancerous and virally infected cells, protecting the host
organism. However, CD8 T cells must first acquire cytotoxic
function. Before encountering antigen, naive CD8 T cells are
transcriptionally inactive and remain in a dormant "resting"
state, where they have very low metabolic demands and rely
primarily on oxidative phosphorylation. For the long-term
preservation of naive cells and the prevention of unwarranted
inflammation, including autoimmune diseases, it is essential to
maintain the quiescent state in the absence of infection or

cancer. The rapid proliferation of antigen-specific cells and the
acquisition of effector functions are aided by naive CD8 T cells'
increased utilization of glycolysis and oxidative phosphorylation
upon antigen recognition. In the event of contraction, a small
number of responding cells will survive and differentiate into
long-lived memory cells that provide the host with lifetime
antigen-specific protection, despite the fact that the majority of
responding cells die via apoptosis upon clearance of the
invading pathogen or tumor. However, the immunosuppressive
environments created by cancer and persistent viral infection
frequently hijack this differentiation program, causing
responding CD8 T cells to become exhausted. Primarily, CD8 T
cell exhaustion is characterized by diminished effector function
and diminished survival. This population is known to be diverse
and to contain less differentiated progenitors, which are
necessary for repopulating exhausted cells. Although these cells
are seen as beneficial to the organism in pathological conditions
because they protect against immune-related pathology during
a chronic immune response, the highly protective memory pool
is not formed by exhausted CD8 T cells. As a result, it is of great
interest to gain a deeper comprehension of the molecular
mechanisms that control CD8 T cell differentiation and ensure
CD8 T cell survival at each stage.
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