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ABSTRACT

Uninhibited proliferation and abnormal cell cycle regulation are the hallmarks of cancer. The main role of 
cyclin dependent kinases is to regulate the cell cycle and cell proliferation. These protein kinases are 
frequently down regulated or up regulated in various cancers. Two CDK family members, CDK 11 and 12, 
have contradicting views about their roles in different cancers. For example, one study suggests that the 
CDK 11 isoforms, p58, inhibits growth of breast cancer whereas, the CDK 11 isoform, p110, is highly expressed 
in breast tumor. Studies regarding CDK 12 show variation of opinion towards different parts of the body, 
however there is a consensus that upregulation of cdk12 increases the risk of breast cancer. Hence, CDK 11 
and CDK 12 need to be analyzed to confirm their mechanism and their role regarding therapeutics, prog-
nostic value, and ethnicity in cancer. This article gives an outline on both CDKs of information known up to 
date from Medline, PubMed, Google Scholar and Web of Science search engines, which were explored 
and thirty relevant researches were finalized.
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INTRODUCTION

The cell cycle is an essential component of cell-biol-
ogy that controls cell growth and duplication. Cell 
cycle control mechanisms by protein phosphoryla-
tion involving a highly regulated kinase family called 
cell cycle regulator or “cyclin dependent kinases 
(CDKs)”. The mechanism of these processes is that 
cyclins bind to CDKS. As a result, the cyclin/CDK 
complex phosphorylates a target protein and is 
then degraded. Development and progression of 
cancer are usually connected by many changes in 
the activity of cell cycle regulators. In human, 
twenty distinct family members of CDKs have been 
described. CDK 2 plays an important role in replica-
tion during S phase1-5. However, there does not 
seem to be much research on other CDKs. For 
example, two such CDKs are 11 and 12. Research 
indicates that both CDKs belong to the serine 
threonine family6. There are limited studies on CDK 
11 that state that it has important function in cancer 
cell growth and proliferation7. Furthermore, various 
genetic and epigenetic actions are suspected to 

cause increased expression of CDK 11 in certain 
cancers. Especially for breast cancer, CDK 11 is 
debated to be both over and under expressed8. As 
for CDK 12, it is considered a transcription related 
kinase that participates in DNA damage response, 
splicing, cellular differentiation, and pre mRNA 
processing9. Specifically in breast cancer, it is 
debated to be overexpressed10. Therefore, this 
article will focus on CDK 11 and 12 because of their 
role in the prognosis of different cancers.

DISCUSSION

The cell cycle is when growing cells replicate their 
own components and divide into two daughter 
cells11. There are four stages in the cell cycle, which 
includes G1, S, G2 and M phase12. G1 and G2 are 
resting phases for cell growth. These stages have 
checkpoints that make sure the cell is prepared to 
move forward to the next phase. S phase is a stage 
for DNA replication. M phase is a stage for cell 
division. These two phases are considered active 
phases. Dysregulation of different CDKs, such as 
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CDK11 and 12, can give us a finer understanding on 
how the cell cycle is affected and how cancer 
progresses.

CDK 11 has critical roles in different cancers. For 
example, expression of CDK 11 has major roles in 
osteosarcoma cell growth13. If Cdk11 is inhibited it 
can reduce the invasion of osteosarcoma cells. 
Another article states that expression of CDK 11 has 
a role in melanoma survival by interacting with 
proto oncogenes, BRAF and nRAS14. If CDK11 is 
inhibited it can cause death of melanoma cells. 
Therefore, CDK11 is involved in multiple cancers.

CDK11 has three different isoforms: p110, p58, and 
p467. Each isoform has different roles. The p110 
isoform is has a major role in pre mRNA splicing15. 
The p58 isoform has a major role in centrosome 
maturation and cytokinesis16. The p46 isoform has a 
major role in apoptosis by acting on Ran binding 
protein and activating caspases17. Because of the- 
se varying functions of different isoforms CDK 11 has 

varying effects in different cancers (Table 1).

The major effects have been studied on isoforms 
p110 and p58. The p110 isoforms effects show that 
overexpression causes cancer cell growth. For 
example, in esophageal squamous cell carcinoma 
cancer cell growth is majorly associated with 
expression of cdk11 (p110)18 . The mechanism as to 
how this works is unknown (Figure 1). Furthermore, 
the p110 isoform is highly expressed in breast tumor 
tissue8. However, the mechanism for this is also 
unknown. On the other hand, the p58 isoform inhib-
its the growth of breast cancer19. This is done by 
inhibiting mRNA levels of VGEF that reduces angio-
genesis of tumor cells. The P58 isomer seems to have 
other roles besides cancer such as maturation of 
testis in mice20. It also has a role in apoptosis of 
neuronal cells after being affected by Lipopolysac-
charide21. Due to these varying studies, there is a 
need to have an overall understanding on what 
affect CDK 11 has on different cancer cell tissues 
(Figure 2a, b).

Phosphate

Target protein

CDK

Cyclin

Cyclin binds and activates CDK CDK activates target protein to regulate cell cycle Cyclin destroyed

Figure 1: Mechanism of action of CDK with cyclins.
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Figure 2: (a) Action of CDK 11 and (b) Action of CDK 12.

Table 1: Studies on CDK 11 and CDK 12 in various cancers.

Study Type Patient Group Principle Findings

Clinical

Trial
18

Cohort
Study19

Clinical trial

Cohort
study

21

Clinical trial
22

 20

Eight patients with non-small-cell 
lung carcinoma along with bone 
metastasis participated.

Out of all the genes responsible for Lung cancer 
signaling pathways, fibroblast growth factor 
receptor and CDK12 were the only ones found to 
be mutated in all eight patients.

240 patients with ovarian cancer in
the late stage.

In the cohort of patients, no genes, ATM, ATR, Chk2 
polymorphisms have been found to significantly  
affect the overall survivaland progression.

Patients with circulating tumor cells 
as well as paired leukocytes with 
metastatic castration resistant 
prostate cancer.

All patients with metastatic Castration-Resistant 
Prostate Cancer (mCRPC) also had resistance to 
Abiraterone acetate or Enzalutamide (primary or 
acquired). Furthermore genomic gains were 
observed to be >25% in many genes including 
CDK12.

556 patients of ovarian carcinoma, 
760 patients of breast carcinoma as
well as 401 patients of prostate 
carcinoma.

An increased prevalence of interstitial gains is 
associated with CDK12 inactivation. Tandem 
duplication results in regular gains in CDK12 mutat-
ed ovarian tumors.

2 patients diagnosed with breast 
adenoid cystic carcinoma with 
eterogeneous morphology associat-
ed with triple negative breast 
cancer area of high grade.

In the second patient, three additional mutations 
were limited to STAG2, KDM6A, and CDK12 to high- 
grade triple – negative breast cancer.
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CDK 12 is responsible for responding to DNA damage, 
splicing, pre-mRNA processing, cellular development, 
and cellular differentiation27. CDK 12 has contrary 
views on its function. In one article, inhibiting it resulted 
in downregulation of leukemia cells and increased 
apoptosis28. However, in a study on serous ovarian 
cancer, downregulation of CDK 12 resulted in loss of 
DNA damage repair29. Down regulation had caused 
expression of tandem repeats in a patient. This 
evidence emphasizes that it has varying opinion on 
different areas of the body. In terms of breast cancer, 
the consensus seems to be that it increases the 
chances of breast cancer. According to Mertens et al, 
amplification of cdk12 is one of the causes to somatic 
mutations in breast cancer29. The pathology to CDK 12 
and breast cancer is unclear. Tien et al hinted that 
CDK12 has a role in alternative splicing of mRNA 

strands, which is considered a factor to invasive cells in 
breast cancer10. However, it is important to reassure 
these results because some articles state that cdk12 
has a role in tumor suppression27.

CDKs give a better understanding towards the cell 
cycle and cancer. If studies figure out where each 
CDK is over or under expressed during cancer then this 
information can give clues to provide better 
treatment such as CDK inhibitors. Even though studies 
have been done on cdk11 and 12, several of them 
contradict each other. More studies must be done to 
confirm certain findings (Figure 3). Moreover, certain 
studies must be done to see whether certain CDKs 
being expressed have an ethnic relevance or not. In 
conclusion, there is information about CDKs, but there 
are many gaps to be filled.
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Clinical trial

Cohort
study

21

Clinical trial
22

Cross
sectional

23

Case
Control

24

Case
control

25

Case
Control

26

 20

105 gnomically annotated breast 
cancers.

Highly phosphorylated kinases associated with 
amplicon have been identified, CDK12, PAK1, PTK2, 
RIPK2, and TLK2.

Immediately after surgical resec-
tion, 18 parts of breast tumor 
samples with adjacent normal 
tissues were collected. No patients 
were treated before operation.

In each of the tested breast tumor tissue samples, 
CDK11p110 was highly expressed as to the normal 
tissues (p < 0.01). Various histological staining 
characteristics showed high levels of expression of 
CDK11p110, mainly in BT-474, MCF-7, and 
MDA-MB-468 cells.

A total of 78 samples of epithelial 
ovarian cancer.

CDK11 levels in metastatic samples (average 2.08, 
p< 0.01), recurrent samples (average 2.269, p<0.01) 
were significantly higher than in primary samples 
(average 1.207)

For tissue microarrays, 250 FFPE 
blocks of breast cancer tissues and 
ANCT have been collected. Thus, 2 
tissue cores for breast cancer and 2 
ANCT cores from the FFPE blocks of 
the same patient.

CDK11 levels in metastatic samples (average 2.08, 
p< 0.01), recurrent samples (average 2.269, p<0.01) 
were significantly higher than in primary samples 
(average 1.207)

240 patients with ovarian cancer in
the late stage.

In the cohort of patients, no genes, ATM, ATR, Chk2 
polymorphisms have been found to significantly  
affect the overall survivaland progression.

Patients with circulating tumor cells 
as well as paired leukocytes with 
metastatic castration resistant 
prostate cancer.

All patients with metastatic Castration-Resistant 
Prostate Cancer (mCRPC) also had resistance to 
Abiraterone acetate or Enzalutamide (primary or 
acquired). Furthermore genomic gains were 
observed to be >25% in many genes including 
CDK12.

556 patients of ovarian carcinoma, 
760 patients of breast carcinoma as
well as 401 patients of prostate 
carcinoma.

An increased prevalence of interstitial gains is 
associated with CDK12 inactivation. Tandem 
duplication results in regular gains in CDK12 mutat-
ed ovarian tumors.

2 patients diagnosed with breast 
adenoid cystic carcinoma with 
eterogeneous morphology associat-
ed with triple negative breast 
cancer area of high grade.

In the second patient, three additional mutations 
were limited to STAG2, KDM6A, and CDK12 to high- 
grade triple – negative breast cancer.
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CONCLUSION

Studies on CDK 11 and 12 explain that their expression 
can indicate prognosis for different cancers. These 
CDKs seem to vary in expression during different 
cancers. Specifically, for breast cancer, CDK 11 has 
contradicting views on expression, whereas CDK 12 
research seems to lean towards overexpression in 
breast cancer. Even though this seems to be the trend, 
findings need to be confirmed on a much larger scale. 
There could be a chance that ethnicity and region 
may play a larger role in amounts of expression. Once 
understood scientist can further act on this information 
by creating CDK inhibitors to fight cancers. There are 
already studies on CDK inhibitors, but there has not 
been much progress. Therefore, cdk11, and 12 must 
be studied to analyze greater importance.
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