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Abstract: Keywords:

This article aims to delve into the specific regulatory mechanism of Rb Rb protein

protein phosphorylation state fluctuations on the retinal cell cycle. Through Phosphorylation state fluctuations
comprehensive analysis, it elaborates on the structure and function of Rb protein, Retinal cell cycle

as well as the key role of its phosphorylation and dephosphorylation processes Specific regulation

in cell cycle regulation. The characteristics of the retinal cell cycle and related
regulatory factors are introduced in detail, with a focus on analyzing how Rb
protein phosphorylation state fluctuations affect various stages of the retinal cell
cycle, including G1, S, G2, and M phases. Additionally, the potential significance
of this regulatory mechanism in the development of retinal diseases is explored,
providing a new theoretical basis and potential targets for the treatment of retinal
diseases.
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1. Introduction 2. Structure and Function of Rb Protein
The retina, as a crucial component of the eye, relies on Before exploring the regulatory mechanism of Rb
the normal proliferation and differentiation of its cells protein phosphorylation state on the retinal cell cycle,
to maintain visual function. Precise regulation of the it is necessary to have a deep understanding of Rb
cell cycle is essential for ensuring normal cell growth protein itself. This section will start with its structural
and development. Rb protein, as an important cell cycle characteristics, analyze the unique role of each structural
regulatory factor, plays a key role in retinal cell cycle domain, and then elaborate on its critical tumor
regulation. Fluctuations in the phosphorylation state suppressor function as a product of a tumor suppressor
of Rb protein can affect its interaction with other cell gene in the cell cycle process, laying a foundation for
cycle regulators, thereby regulating the proliferation and subsequent research.

differentiation of retinal cells.
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2.1 Structural Characteristics of Rb Protein

The Rb gene is located on the human chromosome 13q14
region, and its transcription product encodes Rb protein, a
nuclear protein with a molecular weight of approximately
105 kDa composed of 928 amino acids. RB protein is the
first tumor suppressor protein discovered in vertebrate
cells, which can inhibit cell division and promote cell
differentiation. The structure of RB protein contains two
conserved “pockets” A and B. A and B further constitute a
“small pocket”, while the small pocket and the C-terminal
domain form a “large pocket” structure. The conserved
C-terminal domain of these proteins folds to form a cleft,
which mainly mediates protein-protein interactions.

2.2 Oncogenic function of Rb protein

Rb protein is the first oncogene product discovered, and
its main function is to inhibit the cell cycle process by
binding with E2F transcription factor, thus preventing
excessive cell proliferation and tumour development. In
normal cells, Rb protein is in a hypophosphorylated or
non-phosphorylated state, and is able to form a complex
with E2F, preventing E2F from activating the transcription
of genes related to the cell cycle, and causing the cells to
stagnate in the G1 phase . When the cells are stimulated
by growth factors, Rb protein is phosphorylated, and its
binding ability with E2F is weakened, E2F is released and
activates the transcription of related genes, which pushes
the cell cycle from the G1 phase into the S phase, and
promotes the cell proliferation.

3.Phosphorylation and
dephosphorylation of Rb protein

The transition between phosphorylation and
dephosphorylation of Rb protein is a key link in its
regulation of the cell cycle. This chapter will elaborate
this dynamic process, including the phosphorylation
steps dominated by CDKs and the dephosphorylation
mechanism involving phosphatases, and clarify the roles
of the relevant enzymes at each stage, in order to reveal
the molecular details of the regulation of Rb protein
activity.

3.1 Phosphorylation process and related kinases
The phosphorylation of Rb protein is mainly catalysed by
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cell cycle protein-dependent kinases (CDKSs). In the G1
phase of the cell cycle, Cyclin D binds to CDK4/6 to form
a complex that first initially phosphorylates the Rb protein
and partially inactivates it. As the cell cycle progresses,
at the G1/S phase junction, Cyclin E binds to CDK2
to further phosphorylate the Rb protein and inactivate
it completely, thereby releasing E2F and facilitating
the cell’s entry into S phase . In addition, there are a
number of other kinases that may also be involved in the
phosphorylation process of Rb proteins, but CDKs are
their main phosphorylating kinases.

3.2 Dephosphorylation process and related
phosphatases

The dephosphorylation of Rb protein is then catalysed
by phosphatases, which return the Rb protein to a
hypophosphorylated or non-phosphorylated active state,
thereby re-suppressing cell cycle progression. Some
currently known phosphatases, such as PP1, may be
involved in the dephosphorylation process of Rb protein,
but the specific regulatory mechanism requires further in-
depth study .

4. Characteristics of the retinal cell cycle
and regulatory factors

An in-depth understanding of the characteristics of
the retinal cell cycle and its regulatory mechanisms
is an important prerequisite for dissecting the role
of Rb proteins. In this chapter, we will focus on the
characteristics of the retinal cell cycle at different stages,
and how Cyclins, CKls, E2F and other regulators in
addition to Rb proteins collaborate with each other to
form a complex network to precisely regulate the retinal
cell cycle.

4.1 Characteristics of retinal cell cycle

Retinal cells include many types, such as retinal pigment
epithelial cells, photoreceptor cells, ganglion cells, etc.
Different types of retinal cells have different cell cycle
characteristics. Generally speaking, the proliferation
and differentiation of retinal cells are more active during
embryonic development, and with the completion of
development, most retinal cells gradually exit the cell
cycle and enter the quiescent phase. However, under
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certain physiological or pathological conditions, retinal
cells may re-enter the cell cycle for proliferation and

repair.

4.2 Regulators of the retinal cell cycle

In addition to Rb proteins, the retinal cell cycle is
regulated by a variety of other regulatory factors. For
example, cell cycle proteins (Cyclins), cell cycle protein-
dependent kinase inhibitors (CKIs), and transcription
factor E2F all play important roles in retinal cell cycle
regulation.Cyclins bind to CDKs to form a complex that
activates the kinase activity of CDKs, thus promoting
cell cycle progression *'; whereas CKls are able to inhibit
CDKs’ activity, preventing cell cycle progression. These
regulatory factors interact with each other and together
form a complex network that precisely regulates the
retinal cell cycle.

5. Specific regulation of the retinal cell
cycle by fluctuations in Rb protein
phosphorylation status

After clarifying the characteristics of the retinal cell cycle
and related regulatory factors, the core of the study is
to explore the specific regulatory role of fluctuations in
the phosphorylation state of Rb protein. In this chapter,
we will analyse the key mechanisms of Rb protein
phosphorylation in G1 phase to inhibit the entry of cells
into S phase, in S phase to regulate DNA replication, and
in G2 and M phase to influence the progression of cell
division in a phased manner.

5.1 Regulation of G1 phase

In G1 phase, Rb protein is in a hypophosphorylated or
non-phosphorylated state, and binds to E2F to form a
complex that inhibits the transcriptional activity of E2F,
thus preventing cells from entering S phase. When cells
are stimulated by growth factors and other stimuli, Cyclin
D-CDK4/6 complex is formed and phosphorylates Rb
protein, which weakens the binding ability of Rb protein
to E2F, E2F is released and activates the transcription of
genes related to the cell cycle, such as Cyclin E, driving
the transition of the cell cycle from the G1 phase to the
S phase . Studies have shown that in retinal cells, the
phosphorylation status of Rb proteins plays a key role

-14-

in the regulation of G1 phase. For example, during the
proliferation of retinal pigment epithelial cells, inhibition
of Rb protein phosphorylation can prevent the cells from
entering the S phase from the G1 phase, thus inhibiting
cell proliferation.

5.2 Regulation of S phase

After entering S phase, the phosphorylation status of
Rb protein still has an impact on cell cycle progression.
Although Rb proteins are already phosphorylated and
release E2F during S phase, phosphorylated Rb proteins
may be involved in the regulation of DNA replication
and other processes of the cell cycle through interactions
with other proteins "' For example, phosphorylated Rb
proteins may interact with DNA replication-associated
proteins to regulate the initiation and progression of DNA
replication, ensuring that cells are able to accurately
replicate DNA during S phase.

5.3 Regulation of G2 and M phases

The phosphorylation state of Rb proteins also changes
during G2 and M phases and has an impact on cell
cycle progression. It has been found that at the G2/M
phase junction, the phosphorylation level of Rb proteins
increases again, which may be related to the preparation
of cells to enter mitosis "*’. Phosphorylated Rb proteins
may be involved in regulating mitotic processes such as
spindle formation and chromosome segregation to ensure
that cells can successfully complete division. In addition,
the phosphorylation status of Rb proteins may also be
related to the regulation of cell cycle checkpoints. When
cells undergo abnormalities such as DNA damage in G2
or M phase, the phosphorylation status of Rb proteins
may be altered, thus activating cell cycle checkpoints,
preventing cells from continuing to divide, performing
DNA repair or inducing apoptosis.

6. Rb protein phosphorylation regulates
retinal cell cycle signalling pathways

The regulation of the retinal cell cycle by Rb protein
phosphorylation status is not an isolated event, but is
closely linked to multiple signalling pathways. In this
chapter, we will focus on the growth factor signalling
pathway and the cell cycle checkpoint signalling pathway
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to illustrate how they regulate the related factors, which
in turn affect the phosphorylation state of Rb protein and
achieve fine regulation of the retinal cell cycle.

6.1 Growth factor signalling pathway

Growth factors are important signalling molecules that
regulate cell proliferation and differentiation, and can
promote cell cycle progression by activating a series of
signalling pathways. In retinal cells, growth factors such
as epidermal growth factor (EGF) and fibroblast growth
factor (FGF) are able to activate their receptors, which
in turn activate downstream signalling pathways, such
as the PI3K-Akt signalling pathway and the Ras-MAPK
signalling pathway, etc . These signalling pathways
are able to regulate the expression and activity of cell
cycle regulators such as Cyclin D and CDK4/6, thereby
affecting the phosphorylation status of Rb proteins and
driving the retinal cell cycle from G1 phase into S phase.

6.2 Cell cycle checkpoint signalling pathway
Cell cycle checkpoint is an important mechanism of cell
cycle regulation, which can monitor DNA damage and
chromosome abnormality during cell cycle progression,
and stop the progression of cell cycle in time for repair
or induction of apoptosis. In retinal cells, cell cycle
checkpoint signalling pathways such as ATM-Chk2
and ATR-Chk]1 are able to sense DNA damage signals
and activate the corresponding kinases, which in turn
regulate the phosphorylation status of Rb proteins "'\
For example, when cells undergo DNA damage, ATM or
ATR kinases are activated, and they can phosphorylate
and activate Chk2 or Chk1 kinases, which can further
phosphorylate Rb proteins to keep them in a non-
phosphorylated or hypophosphorylated active state, thus
preventing the progression of the cell cycle until the DNA
damage is repaired.

7. Fluctuations in Rb protein
phosphorylation status and retinal
diseases

The stability of Rb protein phosphorylation state is
closely related to the health of the retina. This chapter will
focus on the role of abnormal fluctuation of Rb protein
phosphorylation in retinal diseases, taking retinoblastoma,
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diabetic retinopathy, and age-related macular degeneration
as examples respectively, to illustrate its intrinsic
connection with the development of these diseases.

7.1 Retinoblastoma

Retinoblastoma is a common malignant tumour of the eye
in children, and its development is closely related to the
deletion or mutation of the Rb gene. In retinoblastoma
cells, the abnormalities of the Rb gene lead to the absence
or abnormal function of the Rb protein, which is unable
to inhibit the cell cycle process normally, resulting in the
excessive proliferation of the cells, and thus the formation
of tumours. It has been found that in retinoblastoma
cells, the phosphorylation status of Rb protein is often
at abnormally high levels, which may be related to the
uncontrolled proliferation of tumour cells.

7.2 Diabetic retinopathy

Diabetic retinopathy is one of the common complications
of diabetes mellitus, and its pathogenesis involves a
variety of factors, including hyperglycaemia, oxidative
stress and apoptosis. Recent studies have shown that
abnormal fluctuations in the phosphorylation status of Rb
protein also play an important role in the development
of diabetic retinopathy. Factors such as hyperglycaemia
can activate intracellular signalling pathways, leading to
an increase in the phosphorylation level of Rb protein,
resulting in abnormal proliferation and apoptosis of
retinal cells, which in turn leads to the occurrence and
development of retinopathy.

7.3 Age-related macular degeneration
Age-related macular degeneration is a common age-
related eye disease whose main pathological feature is
degeneration and death of retinal pigment epithelial cells.
It was found that the phosphorylation status of Rb protein
was also altered in the retinal tissues of patients with
age-related macular degeneration, which may be related
to the abnormal cell cycle regulation of retinal pigment
epithelial cells, which in turn affects the normal function
and survival of retinal pigment epithelial cells, leading to
the development of macular degeneration.
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8. Conclusion related to the development of many retinal diseases, and

The phosphorylation and dephosphorylation of Rb in-depth study of their regulatory mechanisms is of great
proteins accurately regulate the various stages of the significance for the diagnosis, treatment and prevention
retinal cell cycle through interactions with other cell cycle of retinal diseases. The in-depth study of its regulatory
regulators, thus maintaining the normal proliferation mechanism is important for the diagnosis, treatment and
and differentiation of retinal cells.Abnormal fluctuations prevention of retinal diseases.

in the phosphorylation status of Rb proteins are closely

References

[1] Su H, Zhang H, Nan W, 2018, Research progress on the role of RBR in plant growth and development. Chinese
Agricultural Science Bulletin, 34(17): 39-46.

[2] Wang Y, 2021, Study on the effect of aconitine on the phosphorylation state of phospholamban and its mechanism.
Huazhong University of Science and Technology. https://doi.org/10.27157/d.cnki.ghzku.2021.005327.

[3] Tang Z, 2021, Study on the effect and mechanism of Treponema denticola on Tau protein phosphorylation related to AD.
Sichuan University. https://doi.org/10.27342/d.cnki.gscdu.2021.001654.

[4] Gao F, ChenY, 2021, Research progress on the exploration of protein phosphorylation signaling mechanisms using mass
spectrometry techniques. Chinese Science Bulletin, 66(20): 2529-2541.

[5] Guo R, 2006, Research progress on the function and activity of the tumor suppressor gene Rb-protein. Journal of North
China Coal Medical College, (02): 177-179. https://doi.org/10.19539/j.cnki.2095-2694.2006.02.028.

[6] Peng C, 2022, Study on the mechanism and function of protein kinase A-mediated 14-3-3 protein phosphorylation.
Huazhong University of Science and Technology. https://doi.org/10.27157/d.cnki.ghzku.2022.002062.

[71 Zhang Q, 2022, Study on the differences in proteomics and protein phosphorylation modifications of rumen walls of Tan
sheep with different RFI. Ningxia University. https://doi.org/10.27257/d.cnki.gnxhc.2022.000925.

[8] Hong Jie, 2021, Application of mass spectrometry and Raman spectroscopy in protein phosphorylation analysis and fungal
identification. Tianjin University. https://doi.org/10.27356/d.cnki.gtjdu.2021.001588.

[91 Yang L, 2021, Studying the role of protein phosphorylation in IREla function using quantitative proteomics. Wuhan
University. https://doi.org/10.27379/d.cnki.gwhdu.2021.003346.

[10] Qian S, Gu F, Zhao Q, et al., 2021, Study on the role and mechanism of Src family in regulating Tau protein
phosphorylation. Prevention and Treatment of Cardiovascular and Cerebrovascular Diseases, 21(03): 239-243+247.

Publisher’s note

Whioce Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

-16-



