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ABSTRACT
The family protein of cyclins, as well as cyclin-dependent kinases (CDKs) cooperating with them, 
are broadly researched, as a matter of their dysfunction may lead to tumor transformation. Cyclins 
are defined as key regulators that have a controlling function of the mammalian nuclear cell 
divides. Cyclin Y (CCNY) is a recently characterized member of the cyclin family and was first 
identified from the human testis cDNA library. It is an actin-binding protein acting through 
decreased actin dynamics at a steady state and during glycine-induced long-term potentiation 
(LTP) and involves the inhibition of cofilin activation. What is more, CCNY is a positive regulatory 
subunit of the CDK14/PFTK1 complexes affected by the activation of the Wnt signaling pathway in 
the G2/M phase by recruiting CDK14/PFTK1 to the plasma membrane and promoting phosphor-
ylation of LRP6. The expression of CCNY has been significantly mentioned within the cell migra-
tion and invasion activity both in vivo and in vitro. The aim of this review is evaluation of the 
expression of CCNY in the physiology processes and compare the expression of this protein in 
cancer cells, taking into account the impact of the level of expression on tumor progression.
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Introduction

The cell cycle is regulated by the constitutive synth-
esis and destruction of cyclins. This family of pro-
teins plays an important role in the regulation of the 
life cycle among eukaryotic organisms. The proteins 
constituting members of the cyclin family can be 
divided into those that are necessary for the control 
of the G1 to S phase transition (G1/S cyclins) and 
those that are essential for G2 to M phase transition 
maintenance (G2/M cyclins). Undisturbed progres-
sion through the cell cycle depends on the activity of 
the cyclins, appropriate cyclin-dependent kinases 
(CDKs) which are serine/threonine kinases, and 
their inhibitors. Close cooperation between this trio 
plays indispensable roles in the cell cycle regulation 
of physiological and pathological processes. The first 
mentioned is based on the regulation of DNA 
damage repair and transcriptional programs direct-
ing cells on differentiation, apoptosis, and metabolic 
flux. On the other hand, scientific research results 
strongly suggest that disturbances in the signaling 
pathways of mentioned processes are also associated 
with cyclins whose overexpression could lead to the 
initiation of carcinogenesis, promoting tumor mass 

growth, as well as metastasis. A particularly promi-
nent protein that contributes significantly to tumor 
progression is cyclin Y (CCNY). Next to tumorigen-
esis, this protein is primarily equated with molecular 
noncanonical WNT signaling pathways that play 
central roles in many early and late developmental 
stages. Cyclin Y overexpression is observed among 
patients diagnosed among others with human hepa-
tocellular carcinoma (HCC) or non-small lung can-
cer (NSLC). High expression of CCNY significantly 
contributes to intensifying cell proliferation and 
increased migration potential.Given the significant 
CCNY role in tumorigenesis and metastasis in varied 
cancer types, CCNY could be determined as 
a biomarker for tumor diagnosis and possibly also 
useful for the determination of more or less aggres-
sive tumor biology.

Cyclins and CDKs

Mammalian cyclin-dependent kinases (CDKs), 
cyclins, and cyclin-dependent kinase inhibitors 
(CKIs) belong to families of proteins that play a key 
role in many cellular processes, eg.: cell proliferation, 
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transcription, regulation of cell metabolism, epige-
netic regulation, spermatogenesis, self-renewal of 
stem cells, and also in the process of cancer forma-
tion [1]. Cyclin-dependent kinases are serine- 
threonine protein kinases, which are the basic and 
catalytic subunit of the protein complex, which reg-
ulate the cell cycle by transferring phosphorus 
groups to various proteins. Cdks contain a catalytic 
core consisting of an adenosine 5’-triphosphate 
(ATP) binding pocket, a T-loop activating motif, 
and a cyclin binding domain in the form of the 
VPSTAIRESLLKE often referred to as the 
PSTAIRE helix. Activation of Cdks, which involves 
attachment to the cyclin via the PSTAIRE helix to 
displace the T-loop and expose substrate-binding 
[2]. Every Cdk has activating and inhibitory phos-
phorylation sites that make cell cycle control 
nuanced and precise. The phosphorylation sites are 
in the vicinity of the ATP binding site, and due to the 
inhibitory Wee1 and Myt1 kinases, the phosphoryla-
tion disrupts the correct fit of ATP. In the case of 
T-161, kinases are activators and phosphatases are 
inhibitors. Cdk activating kinase (CAK), which con-
sists of cyclin H and Cdk7, acts on the T-loop phos-
phorylation site, leading to improved substrate 
binding, which enables full Cdks activation [1]. The 
activity of Cdk kinases is dependent on subcellular 
localization. This contributes to the determination of 
the specific substrate to be phosphorylated to iden-
tify the function to be induced [3].

Cyclins belong to the family of proteins identi-
fied by the “cyclin box”. It is a region that consists 
of about 100 amino acid residues and is responsi-
ble for the regulation of cyclins binding to the 
corresponding Cdk. Cyclins have a PEST 
sequence, a protein motif that is ubiquitinated, 
and rich in proline (P), glutamic acid (E), serine 
(S), and threonine (T). Correct expression of 
cyclins is crucial for the proper proliferation of 
cells, while disturbed expression of these proteins 
may lead to neoplastic transformation [4].

While most cyclins promote the activity of 
Cdks, inhibitors of cyclin-dependent kinases inhi-
bit their activity, eg by blocking the active sites of 
the Cdks, or by competing with cyclins for their 
binding site. Cdks inhibitors have been divided 
into two groups due to their structure and speci-
ficity. Members of the INK4 family (Cdk4 
Inhibitor of CDK4) are the proteins p15Ink4b, 
p16Ink4, p18Ink4c, and p19Ink4d, the most important 
features of which are the possession of ankyrin 
repeats and inhibition mainly of Cdk4 and Cdk6. 
On the other hand, members of the CIP/KIP (Cdk 
interacting protein/kinase interacting protein) 
family, which include the p21, p27, and p57 pro-
teins, are encoded by the CIP1, KIP1, and KIP2 
genes, respectively, and inhibit the activity of Cdk 
responsible for the transition from G1 to S phase 
The above-mentioned proteins regulate the activ-
ity of complexes of cyclins D, E, A, and B with 
appropriate kinases [5].

Cyclin Y

Cyclin Y is the highly conserved cyclin family pro-
tein, which is known mainly for its role in the 
regulation of the cell cycle and the transcription 
process. Comparing the amino acid sequence, the 
cyclins can be divided into two groups. First, cyclins 
act as a cell cycle regulator, whereas the second class 
modulates the activity of the RNA II polymerase 
[6]. Cyclin Y is encoded by the CCNY gene located 
on the short arm of chromosome 10 at position 
p11.21 (www.genecards.org) [7]. The structure of 
cyclin Y also differs from that of conventional 
cyclins (Figure 1). Most cyclins have two cyclin 
folds, while cyclin Y has only one cyclin fold [8]. 

It was originally identified as a protein that 
binds to CDK 14/PFTK1 in a yeast screening test 
(two-hybrid test), increasing its activity and chan-
ging its intracellular localization. In vitro and 
in vivo studies have shown that the PFTAIRE 

Figure 1. The structure of cyclin Y. Cyclin Y has only one cyclin domain and is heavily phosphorylated.
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motif in PFTK1 and the Cyclin Y cyclin box is 
required for the interaction between these proteins 
[9]. Later studies have shown that this protein 
combines with CDK 16/PCTK1 to form an active 
complex capable of controlling several biological 
processes. CDK 16 is a protein kinase that is highly 
expressed in the brain and testes and is activated 
by the membrane-bound cyclin Y [10]. Cyclin Y/ 
Cdk 14 complex can also phosphorylate and acti-
vate the Lrp6 co-receptor, which is the major 
regulator of the Wnt/B-cat signaling pathway 
[11]. Cyclin Y plays an important role in many 
cellular processes: maintaining the properties of 
mammalian stem/progenitor cells, regulating the 
development of Drosophila, and also controlling 
the process of adipogenesis and lipid production. 
It has also been shown to participate in the regula-
tion of cancer cell proliferation, including lung 
and kidney, and lowering the expression level of 

cyclin Y reduces the proliferation and growth of 
laryngeal cancer cells [8,10,12].

This review focuses on the biological functions of 
cyclin Y and also describes the involvement of cyclin 
Y in the development and progression of cancer.

Cyclin Y affects many cellular processes via 
the WNT pathway

Wnt is an evolutionarily conserved signaling pathway 
that plays an important role in embryonic develop-
ment and tissue homeostasis [13]. Deregulated Wnt 
signaling may contribute to carcinogenesis in humans, 
and a growing body of research shows, that Wnt 
upregulation contributes to drug resistance. The 
Wnt pathway is divided into canonical and several 
alternative pathways. The canonical pathway depends 
on β-catenin. It regulates the activity of the T cell 
transcription factor (TCF) influencing processes 

Figure 2. Cyclin Y plays role in various cellular processes such as control of cell cycle progression, autophagy, and cytoskeleton 
rearrangement.
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such as embryogenesis, differentiation, survival, and 
proliferation of cells. Non-classical pathways operate 
independently of β-catenin and TCF. Their role has so 
far been poorly understood, but some literature 
reports indicate their importance in processes such 
as cytoskeleton rearrangement and neuronal migra-
tion [14].

It has been found that in many pathological condi-
tions, including neurodegenerative and metabolic dis-
eases, as well as in various types of neoplasms, 
especially in non-small cell lung cancer, disturbances 
in the functioning of the Wnt pathway occur [10,15]. 
Literature data indicate that the Wnt signaling path-
way plays an important role in the regulation of cel-
lular processes such as cell proliferation and survival, 
embryogenesis, and cell differentiation. The abnormal 
course of the Wnt pathway may contribute to the 
maintenance of the population of neoplastic cells, 
which may also affect their drug resistance [16]. 
When examining the components of the Wnt path-
way, it has been reported that increasing or decreasing 
its substrates is associated with survival as well as 
increased proliferation of neoplastic cells, which 
affects the worse prognosis of patients with non- 
small cell lung cancer [15]. The results of the research 
suggest that cyclin Y in the PFKT1/Cdk14 complex 
promotes the non-canonical pathway of the Wnt 
pathway by enhancing the expression of the Dvl2 
and Naked1 proteins, which are substrates of this 
pathway. The participation of the cyclin Y/PFKT1 
complex in the activation of Rho GTPases, which are 
targets of the non-canonical Wnt signaling pathway, 
has also been shown, which leads to actin polymeriza-
tion in cells [17]. Other reports also suggest that cyclin 
Y in healthy cells, together with Cdk14, affects the 
transduction of the Wnt pathway through the phos-
phorylation of LRP6. It has been shown that the cyclin 
Y-Cdk14 complex through phosphorylation of LRP6 
prevents the degradation of β-catenin, which allows 
signaling in the Wnt pathway (Figure 2). 
Phosphorylation and signaling of the Wnt receptor 
are maximal in the G2/M phase, as is the expression of 
cyclin Y, which may suggest a relationship between 
the cell cycle and the transcription process [18].

Cyclin Y and autophagy

Autophagy, which is an evolutionarily conserved 
process occurring in all eukaryotic cells, is activated 

e.g. in response to nutrient deficiencies, damage 
from cellular toxins, and growth and differentiation- 
inducing factors [19]. Under physiological condi-
tions, it is found to a small extent in most tissues. 
It contributes to the adaptation of cells to stressful 
conditions and thus to their survival. The main 
types of autophagy are macroautophagy and micro-
autophagy. Macroautophagy occurs with the forma-
tion of an autophagosome which, when fused with 
the primary lysosome, forms the autophagolyso-
some. Microautophagy is defined as the process of 
incorporation of cytoplasmic components through 
the invagination of the lysosomal membrane [19].

There is evidence that this process is linked to 
disease states. Increased levels of autophagy have 
been reported in neurodegenerative Parkinson’s 
disease. On the other hand, a decrease in the 
intensity of this process has been proven in certain 
types of cancer or heart disease (Danone’s disease). 
The results of other studies suggest, however, that 
the autophagy process contributes to the increase 
in the survival of cancer cells under stressful con-
ditions (ionizing radiation) by eliminating 
damaged organelles [19]. The cyclin Y/CDK16 
complex is an AMPK substrate and an autophagy 
effector. Cyclin Y/CDK16 induces autophagy 
which is dependent on the phosphorylation of 
S326 and requires ULK1 and Beclin1 which are 
necessary for the induction of macroautophagy. 
AMPK activates Cyclin Y/CDK16 to initiate the 
first step in autophagosome formation. A potential 
link with autophagy is further suggested by the 
function of CDK16 in the vesicular transport of 
actin cytoskeleton organization, as both of these 
processes are important for autophagy [20–22].

Cyclin Y in neural function

The expression of cyclin Y and its significant influence 
has been described in non-dividing neuronal cells – 
hippocampal cells. Cho et al. in their research showed 
that cyclin Y is expressed not only in the hippocampus 
but also located in the postsynaptic domains of den-
dritic spines. The presence of cyclin Y may contribute 
to an increase in the complexity and variety of brain 
functions. It has been shown that cyclin Y can inhibit 
the movement of the AMPA receptor (α-amino 
-3-hydroxy-5-methyl-4-isoxazole propionic acid) 
toward the synapses and inhibit its exocytosis and 
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thus block LTP. In addition, lowering the expression 
of cyclin Y results in an increase in LTP (long-term 
potentiation) in the hippocampal slices. The authors 
also suggest that the role of cyclin Y is largely unrelated 
to the cell cycle. Since cyclins were originally identified 
as proteins that oscillate during the cell cycle, and their 
expression depends on the phase of the cycle, taking 
into account the participation of cyclin Y in neurons of 
the Central Nervous System (CNS), which are post- 
mitotic cells unable to divide, this suggestion is can be 
considered close to the truth [8]. Hwang et. al. con-
cerning research and the role of cyclin Y in hippocam-
pal cells showed that cyclin Y binds to filamentous 
actin and interferes with actin polymerization which is 
induced by LTP. Cyclin Y depolymerizes the actin- 
depolymerizing factor by blocking the activation of 
cofilin. As a result, this results in a structural impair-
ment of LTP and a reduction in the number of plastic 
spines. The data presented suggest that cyclin 
Y inhibits LTP functionally and structurally via the 
cofilin-actin pathway [23].

A year later, Joe et al. by studying RNA sequences, 
transcript analysis, and qRT-PCR, showed that many 
functions and pathways in neuronal cells are influ-
enced by cyclin Y. Actin cytoskeleton, synaptic plasti-
city, focal adhesion, apoptosis, chemokine signaling 
pathway, extracellular matrix-receptor interaction, 
and even learning and memory, all these processes 
are influenced by the expression of cyclin Y [12].

Cyclin Y in complex with CDK 14 regulates specific 
neuronal functions. High CDK 14 expression has been 
detected in post-mitotic brain cells, the cyclin Y/CDK 
14 complex plays a key role in the polarized trafficking 
of presynaptic vesicles and elimination of synapses 
during nerve conduction [24].

Another neuronal function performed by cyclin 
Y has been investigated by Hwang et. al. The 
results of their research provide information that 
cyclin Y changes the expression profile of many 
genes that are associated with neurodegenerative 
diseases and epilepsy. Studies in mice show that 
wild-type mice are less susceptible to kainic acid 
epilepsy than CCNY-knockout mice [25].

Cyclin Y and spermatogenesis

The final stages of spermatogenesis differentiation 
are also influenced by cyclin Y, more specifically 
the cyclin Y/CDK 16 complex. Mikolcevic et al. 

showed that CDK 16 knockout mice were viable, 
and kinase deficiency did not affect meiosis, 
although CDK16 was required in the final stages 
of differentiation in spermatogenesis. The CDK 16 
knockout mice tested had all cells in their testes at 
different stages of spermatogenesis. After careful 
examination of the sperm cells, many abnormal-
ities in the structure and functioning of the cells 
were found. Among other things, there were: aber-
rations in the structure of the ring (i.e. elongation 
and thinning of the ring region), dyskinesia, i.e. 
a defect in the structure of spermatozoa, distor-
tions in the sperm head, and also had an excess of 
residual cytoplasm. These defects impaired sperm 
function and contributed to infertility [10].

The role of cyclin Y in the process of sperma-
togenesis was also investigated by Zi et. al. using 
mice and many advanced laboratory techniques, 
they compared Cyclin Y with the highly similar 
Cyclin Y Like 1 in the protein sequence, which is 
a poorly characterized protein with the highest 
levels of expression in the testes of mice. The 
authors showed that male CCNYL1 knockout 
mice were infertile, and examination of the 
sperm showed impaired mobility, a bent head, 
and aberrations in the structure of the ring. 
Whereas CCNY knockout females and males 
showed normal fertility [15].

Cyclin Y in adipogenesis and lipid production

As mentioned earlier, cyclin Y in a complex with 
CDK 14 is involved in the signaling of the WNT 
pathway through the phosphorylation of the LRP6 
protein. Importantly, it has been reported that the 
WNT signaling pathway plays an important role in 
regulating the adipogenesis process [26,27]. The 
available data may indicate an association of cyclin 
Y with adipogenesis. Confirmation of these spec-
ulations may be the research of An et. al. 
Researchers studied wild-type and CCNT -/- 
knockout mice, as well as hepatocytes and 
HepG2 cell lines. It was observed that CCNY- 
knockout mice, unlike wild-type mice, showed 
both lower body weight and reduced body fat 
content. It was also found that the metabolism 
was faster, the need for food, and the sensitivity 
of rodents to the reduction of caloric intake. On 
the other hand, HepG2 cells and hepatocytes with 
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decreased expression of cyclin Y became insensi-
tive to insulin. This suggests that cyclin Y is 
involved in the regulation of the hepatic insulin 
signaling pathway. Taken together, these results 
support a new relationship between CCNY and 
lipid metabolism and suggest that inhibiting 
CCNY may offer a therapeutic approach to obesity 
and diabetes [16].

Cyclin Y in other cellular processes

Martinotti et al. investigated the role cyclin Y plays 
in inflammatory bowel disease (IBD). The materi-
als used in the research were mice and cell lines: 
HTC116, HEK209T, SW48, and PC-3. Scientists 
initially suggested that cyclin Y may be essential 
for maintaining normal intestinal epithelial cell 
homeostasis (IEC) by promoting autophagy and 
the WNT/B-catenin signaling pathway in which 
it is involved. Following this lead, Martinotti 
et. al. investigated the extent to which the mucosa 
regenerates and what is the response to intestinal 
epithelial damage in CCNY -/- knockout mice and 
wild-type mice. Analysis of the results showed that 
there were no differences between the 2 types of 
mice in terms of cell proliferation and disease 
activity. In model IEC, the reduction of cyclin 
Y expression also did not affect cell proliferation, 
the WNT signaling pathway, and autophagy. The 
authors, therefore, concluded that cyclin Y does 
not contribute to the maintenance of normal 
intestinal epithelial homeostasis and is not 
involved in IBD [28].

Kyselova et. al. investigated the possible expression 
of cyclin Y and its probable role in platelets. The 
studies confirmed the presence of cyclin Y in platelets 
and also showed that higher expression of cyclin 
Y occurs in the blood of healthy patients than in the 
blood of diabetic patients. Studies in mice have pro-
vided a wealth of information on the effects of cyclin 
Y ep expression on platelets and related processes. In 
CCNY -/- knockout mice, a reduced number of plate-
lets and changes in their biogenesis were demon-
strated, as well as decreased clotting and a longer 
bleeding time. Platelets were also shown to form filo-
podia, not lamellipodia, and their ability to spread was 
impaired. In addition, wild-type mice were mono- 
ubiquitination of cyclin Y and its translocation to the 
plasma membrane, where it regulated β3 tyrosine 

integrin phosphorylation and outward signaling 
using thrombin compared to CCNY -/- knockout 
mice [29].

Cyclin Y in cancer

For a long time, progressive loss of cells growth 
control loss was the main factor contributing to the 
initiation of the carcinogenesis mechanism [30]. It 
seems that cyclin Y (CCNY) has a significant role in 
tumorigenesis through interactions with different 
protein complexes involved in the Wnt pathway. 
For explanation, the Cyclin Y/Cdk14 complex 
could phosphorylate and activate the low-density 
lipoprotein receptor-related protein 6 (LRP6) which 
constitutes an important promoting regulator in the 
Wnt signaling pathway. LRP6 phosphorylation and 
Wnt signaling pathway are under the tight control of 
extracellular and intracellular cell cycle checkpoints 
and peak at the gap 2 phase/mitosis (G2/M) phase 
which results in uncontrolled proliferation of cells, 
including cancer cells. Recent literature data indicate 
that’s what CCNY overexpression is associated with 
poor prognosis manifested by increased proliferation 
of abnormal cells, suggesting that CCNY is impli-
cated in tumor mass development and cancer metas-
tasis. Due to the CCNY properties, this functional 
protein so could be defined as a novel prognostic 
marker and therapeutic target in diverse tumor 
types. The association between the high CCNY 
expression and the increased proliferative activity of 
neoplastic cells is observed in many neoplasms, 
including hepatocellular carcinoma, lung, breast, 
kidney, laryngeal and colorectal cancer, but also 
among glioma cells [11,31–34].

Moving on to the topic, liver cancer is the seventh 
most common tumor type in the world [35]. 
Hepatocellular carcinoma (HCC) is the main type 
of this cancer and has several known causes such as 
hepatitis B virus (HBV) and hepatitis C virus (HCV) 
infections, but also other factors include toxins and 
alcohol. Knowledge of the molecular pathways of 
HCC initiation and progression may allow for an 
efficient diagnosis of this cancer and the selection of 
appropriate treatment methods, thus reducing HCC 
mortality in society [36]. In the case of hepatocellular 
carcinoma, studies conducted on the HuH7, SK- 
Hep1, HEP3B, HepG2, and L02 cell lines indicate 
significantly increased cancer cell proliferation, 

864 A. OPACKA ET AL.



targeted migration, and reduced apoptosis percen-
tage ratio. The study results based on determining 
metabolic activity assays, cell death analysis, and 
protein expression level evaluation indicate that the 
cause of the above-mentioned phenomena is higher 
CCNY level expression compared to normal liver 
cells. The high level of CCNY in neoplastic cells 
correlates with a decreased level of Bcl-2-associated 
X (Bax) protein expression, whose expression should 
accelerate the process of apoptosis by creating pores 
in the outer membrane of the mitochondria, thus 
increasing its permeability. The opposite effect was 
observed in the case of anti-apoptotic proteins, 
where particular attention was paid to the significant 
increase in the level of B-cell lymphoma 2 (Bcl-2) in 
cells, simultaneously accompanying the increased 
expression of CCNY. In summary, due to the char-
acteristic protein profile of cancer cells, an elevated 
level of CCNY can inhibit the apoptosis of HCC cells 
[11]. Apart from the CCNY overexpression, addi-
tional factors favoring the development of HCC is an 
abnormality in certain regulating pathways, includ-
ing the Wnt signaling pathway, 53 protein/retino-
blastoma protein (p53/pRB) relationship, and 
phosphoinositide 3-kinase/phosphatase and tensin 
homolog deleted on chromosome ten/protein kinase 
B/mechanistic target of rapamycin (PI3K/PTEN/ 
PKB/mTOR) pathway. The literature data reports 
that HCC progression may also be associated with 
the formation of CCNY complexes with protein 
kinase 1 (PFTK1) also called cyclin-dependent 
kinases (CDK14). The CCNY and PFTK1 property 
implication enhances the key points of the Wnt 
signaling pathway regulated through segment polar-
ity protein disheveled homolog 2 (DVL2) and naked 
cuticle 1 (NKD1) promoting an increased tumor cell 
proliferation profile and metastasis profile. The 
involvement of proteins from the Ras homologous – 
guanosine-5’-triphosphate hydrolase enzymes (Rho- 
GTPases) family indicates the participation of CCNY 
in the non-canonical Wnt signaling cascade consist-
ing of the planar cell polarity (PCP) signaling path-
way and the calcium signaling pathway. The activity 
of this cascade is primarily associated with increased 
cell migration, which promotes the phenomenon 
of metastasis. It is associated with the fact that Rho- 
GTPases are involved in regulating actin polymeri-
zation, but also reorganization of the actin cytoske-
leton and stress fibers formation, consequently 

leading to cortactin recruitment, formation of inva-
sive protrusions, promoted degradation of the extra-
cellular matrix and consequently confers the motile 
phenotype of the tumor mass cells [37]. The studies 
conducted on cell lines reflect the results of staining 
of paraffin sections of HCC patients showing a high 
correlation coefficient of the overexpression of 
CCNY with tumor size, invasion stage, distant and 
surrounding lymph nodes metastasis, and histologi-
cal grade. Overall, the CCNY expression has been 
significantly higher in tumor tissue compared to 
normal tissue preparations [38].

The overexpression of cyclin Y also has been 
found among lung cancer patients A similar associa-
tion of strong CCNY overexpression correlating 
with tumorigenesis is observed within lung cancer 
cells. The results of two-hybrid screening indicate an 
interaction of CCNY with PFTK1 which not only 
enhances the PFTK1 kinase activity but also changes 
its intracellular location by recruiting PFTK1 to the 
plasma membrane. The analysis of the clinical mate-
rial showed an association between CCNY overex-
pression with the histological subtype and tumor 
size. However, the high level of this protein does 
not correlate with the frequency of lymph node 
metastases and the clinical stage of the tumor. 
Thus, the level of CCNY expression may be signifi-
cantly important, above all at the stage of NSCLC 
initiation. Histologically, NSCLC includes three of 
the most common types with similar characteristics, 
including squamous cell carcinoma (SCC), adeno-
carcinoma (AC), and large cell carcinoma (LCC), 
and CCNY overexpression in adenocarcinoma 
could result in significantly higher metastatic poten-
tial, as compared with squamous cell carcinoma [39]. 
Moreover, the serum levels of CCNY were signifi-
cantly increased among the patients with NSCLC, 
and also there was a correlation between CCNY 
protein and aggressive progression of both lympha-
tic and distant metastases [40]. In addition, CCNY is 
characterized by a polymorphism referred to as the 
presence of this protein in two forms including cyto-
plasmic isoform (CCNYc) coding an N-terminal 
truncated protein, and membrane distribution iso-
form (CCNYm) coding a full-length 341 protein, 
localized by a myristoylation signal motif in the 
N-terminal domain. However, the CCNYc is this 
isoform that is responsible for the increased migra-
tion and invasive activity of abnormal cells. 
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Mentioned migration and invasive activity could be 
associated with the formation of the CCNYc/PFTK1 
complex responsible for regulating the polymeriza-
tion of actin monomers and stress fibers formation 
via tropomyosin 4 (TPM4) and Ras homolog family 
member A (RhoA) which promotes cell metastasis as 
well as epithelial-mesenchymal transitions (EMTs) 
[41,42]. As a result of EMT induction, the cell begins 
to express EMT-specific transcription factors: Zinc 
Finger E-Box Binding Homeobox 1 and 2(Zeb1, 
Zeb2), Slug, Snail, and Twist proteins, which change 
the gene expression in this cell [43]. This results in 
a decrease in the expression of epithelial markers 
(E-cadherin, claudins, occludins, type IV collagen, 
and laminin 1), with a simultaneous increase in 
mesenchymal markers (N-cadherin, laminin 5, 
fibronectin, α5β1 and αvβ6 integrin, vimentin, type 
I collagen) [44]. On the other hand, a decrease in 
CCNY expression is sufficient to induce the opposite 
occurrence have been described as MET mesenchy-
mal-epithelial transitions (MET) [45]. Particularly 
noteworthy is vimentin, which, apart from its mar-
ker function in EMT, is also one of the target pro-
teins of the Wnt signaling pathway. It is commonly 
considered a cytoskeleton protein, but it should be 
remembered that vimentin comes in two forms: 
attached to the outer surface of the cell and secreted 
into the extracellular space. Each of these forms plays 
a significant role in overall cellular functions. Surface 
vimentin is overexpressed in neoplastic cells and 
contributes to the progression of neoplasms, while 
the secretion form of this protein modulates inflam-
mation. Research indicates that CCNY overexpres-
sion, notably CCNYc, enhances vimentin 
expression, which is critical for lung cancer progres-
sion and metastasis [41].

Furthermore, a significantly increased in the 
CCNY expression is also observed within ovarian 
cancer cells [46]. Ovarian cancer (OC) is considered 
a primary cancer of the reproductive organs, which 
ranks behind cervical cancer, but the lack of effective 
methods of early detection means that the death rate 
from OC is much higher than the mortality rate of 
endometrial and cervical cancer [47]. The CCNY 
overexpression indicates association with a high 
level of proteins including c-Myc, cyclin D1, 
PFTK1, invasion-related molecule O-GlcNAc trans-
ferase (OGT), and tumor proliferation marker pro-
tein Ki-67 as well as overexpression of β-catenin 

colocalized in the cell nucleus with a simultaneous 
decrease in the cytoplasm level of this protein. As 
previously mentioned, high CCNY expression is 
associated with the noncanonical Wnt pathway, 
which engages the activity of PFTK1 protein and 
Rho GTPases activity which contributes to actin 
polymerization which affects the motility and migra-
tion of ovarian cancer cells. Additionally, 
a significant relationship was observed between 
CCNY overexpression and the clinical-pathological 
stage and lymph node metastases. Research reported 
an associated increase in CCNY expression with III 
and IV tumor stages and metastases to regional and 
distant lymph nodes which correlate with poor prog-
nosis in the course of ovarian cancer [46].

Less evidence for a link between high CCNY 
expression and tumor progression for breast cancer 
is observed, however, they could be found. It was 
presented that the immunohistochemical expression 
of CCNY is stronger in neoplastic tissues than in 
normal tissues. Also, all breast cancer cell lines showed 
a high level of the tested protein. The expression of 
cyclin Y in lines MDA-MB-231 and MCF-7 was 
reduced through the lentivirus that contained short 
hairpin ribonucleic acid shRNA [48]. This treatment 
decreased the ability to form colonies and reduce the 
proliferation of cell lines. In addition, analyzing the 
cell cycle of the MDA-MB-231 cells, it was noticed that 
lowering the expression of CCNY causes the arrest of 
cells in the gap 0 phase/gap 1 phase (G0/G1 phase), 
and inhibits cell growth by cleavage of poly (ADP- 
ribose) polymerase (PARP) and caspase-3 depending 
on p53 and by activating the proteins: glycogen 
synthase kinase-3 beta (GSK3β) and Bcl-2-associated 
death promoter (Bad). Based on the presented 
research, scientists concluded that inhibition of cyclin 
Y by introducing a lentivirus containing shRNA could 
be a therapeutic option in breast cancer. Other scien-
tists showed the effect of Cdk16 expression, activated 
by CCNY on triple-negative breast cancer (TNBC). 
Analysis of the results shows that cyclin-dependent 
kinase 16 (Cdk 16) is highly expressed in TNBC. The 
increased level of the tested protein increases the pro-
liferation and migration of cancer cells, promotes 
tumor growth, and is correlated with the poor prog-
nosis of patients. On the other hand, lowering the level 
of Cdk 16 expression significantly inhibits tumor pro-
gression [48,49]. Zhang et al. provided strong evidence 
that inhibition of CDK14 activity has great potential as 
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a strategy in the treatment of TNBC. Using the FMF- 
04-159-2 CDK14 inhibitor on murine xenografts and 
patient-derived organoid model they showed that 
attenuating Wnt/β-catenin signaling results in sup-
pression of TNBC progression and metastasis [50].

In conclusion, the results of the presented research 
indicate a significant relationship between increased 
CCNY expression and tumor progression. The study 
analysis obtained so far indicate a similar mechanism 
of action of CCNY in differential cancer types, based 
on the Wnt signaling pathway, inducing increased 
proliferation and migration of cancer cells. Further 
investigation into this protein will probably help to 
more broadly understand the molecular mechanism 
underlying the action of CCNY on the cell cycle 
machinery which could allow using CCNY overex-
pression as a potential biomarker for a cancer 
diagnostic.

Conclusion

The presented data on the protein of the cyclin 
family – cyclin Y – suggest that in healthy cells 
cyclin Y plays an important role in the regulation 
of many processes for example adipogenesis, sper-
matogenesis, neuronal functions, as well as 
recently described involvement in the process of 
autophagy. Moreover, abnormal expression of 
cyclin Y contributes to the formation of various 
types of cancers. Increased expression is most 
often associated with increased proliferation, 
malignancy, and tumor metastasis. On the other 
hand, lowering the level of cyclin Y mainly inhibits 
the proliferation of cancerous cells. Therefore, 
understanding the molecular mechanisms of 
deregulation of cell cycle progression in cancer 
can provide important information on how nor-
mal cells become cancerous and how new treat-
ment strategies can be designed. Therefore, it is 
evident that the study of the expression level of 
cyclin Y may be a target in the treatment of neo-
plastic diseases. Expression monitoring can help 
estimate the risk of cancer and allow it to be 
diagnosed quickly.
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