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ABSTRACT

Cancers are classified into numeric staging or grading systems to better know the behaviour of cancer. These grading
and staging have a strong correlation with the expression of cyclin in the cell cycle because cancer cells drive cell
progression by overriding the control of cell regulators. Abnormalities in the cyclins” activity are the hallmark of tu-
morigenesis. Even though the cyclin D isomers comparatively share similar amino acids, their variety in expression
has proven to have a distinctive role in cancer progression and it is the only cyclin that has been widely elucidated
in various types of cancer since the late 80's. Likewise, recently cyclin E and cyclin A are also being explored widely
for their oncogenesis properties. In the current review, we emphasize insights on the latest findings on G1/S phase
aberrant cyclins; D, E and A expressions which are determined using various human tumour tissues.
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INTRODUCTION

Over ten million deaths were recorded in the cancer
statistics of the year 2020 by World Health Organization
(WHO) (1). Where the most leading cancers are breast
cancer followed by lung, colon and rectum, prostate,
skin, and stomach cancers. Abnormalities of tumours are
classified by grades and stages. There are three grading
which is from grade | to lll. Grade | tumours appear to be
same as normal cells with very low division rate. Whereas
in grade Il also known as intermediate grade cancer cells
are dissimilar to the normal cells and the cell division
rate is higher than grade I. In grade Ill, cells begin to
divide rapidly and exhibit abnormal appearance (2).
Cancer stages comprises of two types one is the tumor,
nodes and metastases (TNM) staging system, the other
one is numeric staging system which mostly been used
in clinical field (3). This staging and grading of cancer
are highly associated in the cell regulator expression
for the prognostic and cancer progression. Oncologists’
discoveries on the cyclin dependent kinase 1 (CDKT) in
yeast and followed by over 13 CDKs (4) and 25 cyclins
that homologs in cyclin box has provided enormous
insights in the medical and research field today (5).
The G1/S phase cyclins which are cyclin D, cyclin E
and cyclin A owns protruding responsibility in urging
cancer development due to their aberrant expression

throughout the cell (6-10). Hence it is essential to study
the expression of cyclins in both mRNA and protein level
to have a better view on the abnormal mechanisms. In
current review, we emphasis insights on the latest G1/S
phase cyclins expression which is determined using
various human tumour tissues.

STANDARD G1/S PHASE CYCLINS MECHANISM

Human genome comprises of as a minimum 30 different
genes that holds cyclin box, a domain of amino acids
which are shared by all cyclins (7,11). Cyclins are
specialized proteins which are produced cyclically in
each cell cycle phases where it will be degraded once
the cell is transitioned from one phase to another. This
canonical type of cyclins; D, E, A and B couples with
specific CDKs to form a protein complex. Canonical
CDKs such as CDK4/6, CDK2 & CDKT1 has three binding
sites which are called as cyclin-binding domain, ATP-
binding domain, and T-loop activator site. Cyclins bind
at the cyclin-binding domain of CDKs to form active
heterodimer complexes for cell cycle progression
(9,12) as in Figure 1. Isomers of D-type cyclins were
discovered in the 90’s and it was later labelled as the
connecter between mitogenic signals and cell cycle
progression. Upon receiving the mitogenic signals by
RAS-RAF-MAPK cascade and transcription of cyclin D
gene takes place (13). Subsequently with the activation
of cyclin D/CDK4/6 complexes (14), it phosphorylates
the retinoblastoma protein family; Rb1, Rb2, and Rb3
also known as pocket proteins. The unphosphorylated
Rb-E2F complexes act as G1/S phase transition
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repressor. Ahead of phosphorylating Rb family by cyclin
D, induction of cyclin D degradation takes place in
the early S phase subsequent to the elevated cyclin E
expression in the late G1 phase (15). Simultaneously,
cyclin E/CDK2 complexes form and will phosphorylate
the Rb1 to freely release E2F transcription factors. Then,
the monomeric cyclin E will undergo ubiquitination
process for degradation (16). The free E2F transcription
factors induce the transcription of cyclin A, where now
the cells can successfully pass through the G1/S phase
checkpoint. Throughout the S phase, cyclin A/CDK2
complexes are responsible in phosphorylating many
molecules for DNA replication. At the centrosomes,
cyclin A is in charge of preventing reduplication of
DNA (7). Right after cyclin E degrades and frees CDK2.
Cyclin A is ready to form complexes with CDK2 and
aids the cell progression through S phase. The common
role of cyclin A/CDK2 complexes is to carry out DNA
synthesis in the nucleus. Additionally, these complexes
also oversee the entry of cells into G2 phase where the
cyclin A2-CDK2 complexes relocate to the centrosome
sites to activate the cyclin B-CDK1 complexes. Upon
completion of S phase, G2 phase and mitosis phase
progression will be activated by the cyclin A/CDK1 and
cyclin B/CDK1 complexes respectively (17).
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Figure 1: Schematic representation of specific cyclin-CDK
complexes. In G1 phase cyclin D binds with CDK4 or CDK6
and in the early S phase, cyclin E binds to CDK2. In the mid
to late S phase, cyclin A binds to CDK2. Adapted from (18).

MALFUNCTIONS OF CYCLINS IN CANCERS

Cyclin D

Most of the tumor development are caused by
overexpression of cyclin D. Overexpression of cyclin D
can lead to two possibilities where the first is when the
cyclin D-CDK complex accumulates in the nucleus and
runs the excessive cell proliferation mechanism. Next
is when the cells progress to S phase, the cyclin D are
localized into cytoplasm for degradation. However, due

to high level of cyclin D content in the cytoplasm, the
cyclin D readily phosphorylates the scaffold protein in
the cytoplasm to lower the cell adhesion and escalate
the cell migration and invasion which indicates that
the tumor is undergoing metastatic phase (34). In the
search of cyclin D1 expression in various cancer,
epithelial ovarian carcinoma expressed low cyclin D1
protein in the high-grade serous carcinoma (HGSC)
which was stated to be main cause of most ovarian
cancer (19). Correspondingly, cyclin D1 (CCND1) were
inversely proportional to the grades of clear cell renal
cell carcinoma patients (ccRCC) where low expression
observed in higher grades. However, in comparison
with normal adjacent tissue, the expression of cyclin
D1 were upregulated in ccRCC (20). The lower cancer
grade recorded high CCNDT1 transcripts and cyclin D1
expression in breast cancer with good prognosis factor
(21) was postulated that high mMRNA expression of cyclin
D1 might be the reason of high protein expression of
cyclin D1 (22,23). In contrast, some groups reported
that oral cancer (24), oesophageal cancer (25),
colorectal cancer (26-29), lung cancer (30), and gastric
cancer with upregulated CCND1 indicated reduction in
malignancy survival rate and rapid tumour proliferation
and spreading throughout the body with the increasing
grade of cancer (31). On the other hand, the meta-
analysis of breast cancer, digestive system cancers such
as gastric cancer, pancreatic ductal adenocarcinoma
and rectum adenocarcinoma, excretory system cancers
such as pheochromocytoma and paraganglioma, kidney
renal papillary cell cancer as well as reproductive
system cancers such as ovarian cancer and uterine
corpus endometrial carcinoma are reported to have
overexpression of CCND2 (31) that leads to tumour
metastases. Similarly, overexpression of CCND3 were
also found in the bladder cancer (32) and breast cancer
(33) however no correlation were found with the tumor
prognosis in both cancers. In addition to that, evidence
show that positive protein expression in cyclin D2
and D3 can be associated with the phosphorylated
Rb expression such in oesophageal cancer (25). In
general, despite CCND1 (32), it was stated that these
two isoforms, CCND2 and CCND3 also had strong
contribution in determining the prognostic outcomes
such as overall survival rate (32) in many cancers. From
the statement above we understand that cyclin D is not
only responsible for cell proliferation, it also has yet to
be discovered functions in the cancer progression other
than initiating cell proliferation (19) and cell migration
(26) correlated to its contradict expression result in
different tumor.

Cyclin E

The expression pattern of cyclin E1 were stated to have
no correlation with one’s sex, age, and tumour location.
In meningiomas study, results showed that cyclin E1
expression were found to be overexpressed in grade
[l compared to grade | (35) likewise was found in the
ovarian cancer study (36). Similarly, overexpression
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of cyclin E were discovered in colorectal cancer were
correlated with occurrence and TNM staging where
the higher the staging of TNM, the higher the cyclin
E expression were uncovered by comparing to the
normal tissues (37). In normal cells, ubiquitin protein
ligase (UPL) oversees cyclin E degradation. However,
overexpressed of cyclin E1 shortens the G1/S phase (35)
because it halts the UPL complex activity concomitantly
conducting the Rb-E2F phosphorylation activity which
leads to excessive cell proliferation and differentiation
(37) those cells undergo premature DNA replication
(35). In addition to that, two different studies focusing
on osteosarcoma cancer reported overexpression of
cyclin E (38,39). However, one of the studies explained
that overexpression of cyclin E can be directly correlated
with the tumor progression without the Rb-E2F pathway
since the study found that the expression of CCNET
were inversely proportional to the Rb1 protein (39). In
another study, it was stated that cyclin E2 had positive
expression in the oesophageal cancer tissues but had
no correlation with the histological characteristics or
grade (25). From the above findings, it is obvious that
most of the studies proved that abnormalities in cyclin E
expression has strong correlation with the cancer staging
and could contribute to tumor progression which is
suggested to be a cancer predictive biomarker (36,38).

Cyclin A

Cyclin Aisoforms has a strong role in cell cycle especially
in DNA replication and segregation of chromosome, this
is because according to the catalytic activity of cyclin
A/CDK2, it is proven to be crucial in the centrosome
duplication process as well as in the segregation of sister
chromatid in the S phase (40). The overexpression of
cyclin A protein reported in many studies could be due
to the reduction of cyclin A protein degradation activity
causing the accumulation of protein in the cell (23) as
the basic operation of cyclins is to be synthesized when
needed and degraded once the role is done. Latest meta-
analysis finding on the role of cyclin A2 (CCNA2) in
colon homeostasis and colorectal cancer (CRC) revealed
that the expression of cyclin A2 in the patients was
heterogenous and two main cases were observed. First,
up-regulation of CCNA2 transcripts observed in cancer
patients with primary tumour of CRC. On the contrary,
compared to primary tumour, metastases tumours in CRC
had lower CCNA2 transcripts expression. Which means,
expression of CCNA2 were higher in stage | and Il and
lower in stage Il and IV (40). Apart from transcripts or
mRNA expression, the protein expression of cyclin A2
were also stated to express highly in early stages than
later stages of colorectal (Il and 1V) (40) and likewise
results were obtain in colorectal adenocarcinoma in a
study done previously and stated that metastasis colon
cancer has lower cyclin A2 expression than primary
tumor (41). Similar pattern of cyclin A2 overexpression
were found in rectal cancer (23) and breast cancer (42)
and were correlated with poor prognosis (23,42) and
decreasing rate of local recurrence (23). However, one

findings explored that abnormal cyclin A expression
had no statistical correlation with prognostic values
associating with cancer stages although the results
showed higher cyclin A expression in squamous cell
carcinoma than adenocarcinoma in non-small cell lung
cancer (NSCLC) (43). Therefore, different expression
of cyclin A2 in cancers exhibited essential predictive
characteristic which was correlated with overall
survival rate of patients and thus suggested to be a good
diagnostic markers (17) in cancers.

Mostofthe papersthatwerereviewedin currentstudy were
widely investigated in the expression of D, E and A with
gold standard method, IHC (17,19,22,26,38,40,42,44).
IHC is convenient to perform due to its straightforward
method and rapid result generation (20). However,
this method is limited to only study on the protein
expression and not the mRNA expression in tissues.
Correspondingly, a meta-analysis study conducted with
qualified findings from year 1995 to 2017 in cyclin D1
expression in various cancer found out that most of
the test were only done with IHC and relatively lesser
in RT-PCR or mRNA (22,23,37,40,42,45) study (46).
Transcription and translation are the primary strides of
protein synthesis. Cells acts as controller and keep in
check of genes that should and should not transcribe
and translate (47). Next, postulation from the few studies
stating that high expression in transcripts/mRNA cyclins
could have strong correlation to the high expression
of proteins of cyclins (22,23,42) in cancer shows a
compelling justification to the need of more mRNA
expression studies in cancer. Hence, the exploration of
mRNA expression in various study could be a prominent
prognostic biomarker to treat cancers.

CONCLUSION

In spite of the study restricted mostly protein expression
and very few mRNA expression, current study
demonstrated that low protein expression of cyclin D1
in ovarian cancer, breast cancer and clear cell renal cell
carcinoma (ccRCC) as well as low mRNA expression
of cyclin D1 in breast cancer were explored in the
increasing grading of cancer had good prognosis. In
contradictory, elevated of cyclin D1 expression were
found in higher grading of cancer with reduction of
malignancy survival rate in oral cancer, gastric cancer,
colorectal cancer, lung cancer, and oesophageal cancer.
The cyclin D2 was also overexpressed in breast cancer,
gastrointestinal cancer, excretory organ cancer and
reproductive organ cancer leading the tumor to invade
and spread. Even though, cyclin D3 exhibited high
expression as cyclin D1 and cyclin D2 in bladder and
breast cancer, no correlations were found with tumour
prognosis value. The pattern of cyclin E expression in
meningiomas, ovarian cancer, colorectal cancer and
osteosarcoma tumour was upregulated in higher cancer
grade compared to the lower ones and upregulation
of cyclin E shorten the G1 phase by ubiquitination
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process. However, esophageal cancer did not show any
correlation with the grade although it had positive cyclin
E expression. For cyclin A2 expression, the pattern was
from high in early stage of colon cancer, rectal cancer,
breast cancer, and squamous cell carcinoma (NSCLC).
All of these cancer with high expression of cyclin A in
early stage showed poor prognosis except NSCLC. In a
nutshell, we can see that the abnormalities in expression
G1/S phase cyclins in most of the cancer had strong
correlation with cancer grades and prognostic values.
We also found out that more studies are needed to
significantly justify the protein and gene amplification
of the G1/S phase cyclins to paves better understanding
on the precise molecular role of these crucial regulatory
proteins in cancer for better cancer treatment in future.
Therefore, to affirm the prognostic significance of
cyclin D, E and A levels in different malignancies, well-
designed studies based on cancer forms and diverse
target both mRNA and protein in expression study are
advised.
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