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ABSTRACT 

Cholecystokinin has been found to be a potential target for the treatment of various conditions 

including pancreatic cancer, pancreatitis, and gastrointestinal disorders. CDK7 (cyclin-dependent 

kinase 7) is an enzyme that is a key regulator of the cell cycle and gene transcription. It functions 

as a component of the Cdk-activated kinase (CAK) and transcription factor IIH (TFIIH) 

complexes. CDK7 phosphorylates other CDKs to promote cell cycle progression and 

phosphorylates RNA polymerase II to initiate gene transcription. CDK7 is often overexpressed in 

cancer due to its role in regulating cell proliferation. Hence CDK7 inhibitors have been researched 

in clinical trials as they are responsible for cell cycle arrest, apoptosis, and antiproliferative 

activities. This review particularly focuses on various synthetic and naturally occurring CDK7 

inhibitors and their role in preventing various cancers including breast cancer, leukemia, hepatoma 

or cancer of liver and so on. 
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INTRODUCTION 

Cyclin-dependent kinase 7 (CDK7) plays a major role in regulating planning of cell cycle and gene 

transcriptional activity. CDK7 is a serine/threonine kinase consisting of 346 amino acids. CDK7 is 

known to have a molecular weight of 39 kDa. Structurally, CDK7 shows a traditional kinase fold 

composing the N-terminal cyclin H-binding lobe compromising 13 to 96 amino acids, mainly 

consisting of several β pleated sheets and one ά helix and a and a C-terminal MAT1 binding lobe 

compromising 97 to 311 amino acids, predominantly composed of α helices1. In human cells, 

CDK7 activation is a two-step process. The S164 and T170 phosphorylation is a primary process 

for activation. T170 phosphorylation is the second step for activation of CDK7. Thus, dual T-loop 

phosphorylation can regulate Cdk7 through multiple mechanisms, with pS164 supporting tripartite 

complex formation and possibly influencing processivity, while pT170 enhances activity towards 

key transcriptional substrates. In contrast to other CDKs, CDK7 requires two proteins for its 

activation, Cyclin H and the RING-finger protein MAT1. The heterotrimeric complex formed by 

these proteins activates the cell-cycle CDKs 1, 2, 4, and 6 via T-loop phosphorylation. In humans 

this complex is referred to as the CAK complex. Compared with the other CDKs, however, for the 

formation of the trimeric CAK complex phosphorylation of the threonine in the activation loop is 

not necessary to activate the kinase2. 

CDK7 is overexpressed in breast cancer and selective inhibition of CDK7 encourages apoptosis 

and inhibits cell cycle progression3. Inhibition of transcriptional kinase of CDK7 prevents 

resistance in HER-2 positive breast cancer patients4. In Pancreatic ductal adenocarcinoma (PDAC) 

deletion of CDK7 prevented cell proliferation encouraged apoptosis and inhibited cell cycle 

progression in human cell lines5. An inhibitor of CDK7 inhibits the growth of several cancer types 

including triple-negative breast cancer, non–small cell lung carcinoma and MYCN-driven 

neuroblastoma, This suggests that CDK7 is a promising target to inhibit cell proliferation, 

apoptosis and cell cycle suppression6. It has been found that a novel CDK7-specific inhibitor, 

THZ1 inhibits cell proliferation7. Studies indicate that CDK7 is over expressed in epithelial 

ovarian cancer, gastric cancer and breast cancer. CDK7 is directly involved in the cell cycle 

process. CDK7. Inhibitors have a very strong antitumor effect especially in gastric cancer and 

breast cancer8.  
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General representation of the regulation of CAK and the role of CDK7 in regulating the cell cycle  

(a) and transcription (b). CAK = CDK activating kinase, CDK = cyclin-dependent kinase, CK2 = 

cyclin protein kinase CK2, G1 = gap phase 1, G2 = gap phase 2, M = mitosis, P = phosphate, PKCι 

= protein kinase C iota, Pol II = RNA polymerase II, S = synthesis, TFIIH = transcription factor II 

H 

C-16661 exhibited excellent CDK7 inhibitory particularly in colorectal carcinoma cells of the 

mouse9 Zhang. H. et.al., synthesized and evaluated potent thieno [3,2-d] pyrimidine derivatives as 

CDK7 inhibitors. Compound 20 was found to be very potent CDK7 inhibitor10. Zhang.H, et.al., 

synthesized and evaluated novel 2,4-Diaminopyrimidine Derivatives as Potent CDK7 Inhibitors. It 

was found that Compound 22 effectively inhibited the phosphorylation of RNA polymerase II and 

CDK2. This led to G1/S phase cell cycle arrest and cell death in MV4-11 cells. It appears to be a 

potent lead compound for the development of a CDK7 inhibitor for cancer therapy.11. Carbone. D, 

et.al., synthesized and evaluated novel Pyrazolo [1,5-a]-1,3,5-Triazine Derivatives as CDK7 

Inhibitors. These compounds particularly exhibited activity against three immortalized cell lines 

(SUIT 2.28, PATU-T, PANC-1) of Pancreatic Ductal Adenocarcinoma Models (PDAC). Out of 

the 33 derivatives 8 derivatives showed excellent activity12. Eskandrani. R et.al., synthesized new 

anilinopyrimidine derivatives that targeted transcriptional CDKs 7, 8, and 9. Compound 5f, 3-((4-

(4-Fluorophenyl) pyrimidin-2-yl) amino) benzene sulfonamide displayed remarkable CDK& 

inhibitory activity (IC50 = 0.716 µM) 13. Bhatia.MS, et.al., synthesized novel spiropyrano pyrazole 

derivatives as CDK7 inhibitors. They discovered that compounds 2c and 3c exhibited CDK7 
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inhibitory activity14.  Sava.GP et.al., have found that CDK7i inhibitors including CDK7i, 

ICEC0942 (CT7001), SY-1365, SY-5609 and LY3405105 have progressed towards phase I/II 

trials15. Chen.R , et.al., synthesized novel and potent N -pyridinylpyrimidin-2-amines derivatives. 

They discovered that compound 9q inhibited the kinase activity of cellular CDKs 7 and 9, stopped 

the cell cycle at sub-G1 phase and caused apoptosis16. Kovalová, et.al., synthesized novel 

trisubstituted pyrazolo[4,3-d] pyrimidine derivative, LGR6768, that targets CDK7 in the 

nanomolar range and is a selective the CDK family inhibitor17. Wilson.SC, et.al., designed, 

synthesized novel 6-pyridylmethylaminopurines moieties. It was found that compound 2-[(1S,2R)-

1-Ethyl-2-hydroxypropylamino]-9-isopropyl6-[(pyridin-3-ylmethyl)-amino]purine (αSbR-21) 

targets CDK2/cyclin E with IC50 = 30 nM, CDK7-cyclin Hwith IC50 = 1.3 lM, and CDK9-cyclinT 

with IC50 = 0.11 lM; it (CCT68127) arrests growth of HCT116 colon cancer cells in vitro with 

GI50 = 0.7 lM; and shows antitumor activity when dosed p.o. at 50 mg/kg to mice bearing 

HCT116 solid human tumour xenografts18. Olson.CM, et.al., developed a potent CDK7 inhibitor 

called YKL-5-124. It was found that YKL-5-124 selectively inhibits CDK7 leading to arrested cell 

cycle. I also exhibited a little effect on RNA polymerase II phosphorylation status19. Aga Y et.al., 

developed  a novel selective CDK7 inhibitor, UD-017, and discovered that in vivo, UD-017 

inhibited tumor growth in an HCT-116 xenograft mouse model by 33%, 64%, and 88% at doses of 

25, 50, and 100 mg/kg, respectively, with clear dose-dependency whereas in-vitro it UD-017 

significantly inhibited CDK7 activity (IC50 = 16 nM) with high selectivity in an in vitro kinase 

assay testing a panel of over 300 proteins and lipid kinases20. Hongfu Lu, et.al., developed a 

compound 13, Compound 13 displays excellent in vitro activity, good ADME properties, and 

significant in vivo antitumor activity in xenograft models as a monotherapy. The compound 13 

with lower basicity exhibited improved Caco-2 permeability, low blood/plasma ratio, and low 

intestinal distribution in rats, thus mitigating gastrointestinal and hematotoxic side effects21.   

Natural CDK& inhibitors 

Bhurta.D, and Bharate.S found that pongol (SBN-88), a naturally acting furan flavonoid inhibits 

CDK7/H as well as CDK9/T1 with IC50 values of 0.93 and 0.83 μM22. Khandelwal. P, et.al., 

discovered that tectonaquinone B, 2-methylquinizarin along with tecomaquinone I, lapachol , 2-

isopropenylnaphtho[2,3-b]-furan-4,9-quinone, dehydro-α-lapachone, α-lapachone, and β-

lapachone isolated from petroleum ether extract of heartwood of Tecomella undulate had high 

binding affinities for CDK7 as was proved by molecular docking23. Singh.R, et.al., docked natural 

pyrrolone-fused benzosuberene (PBS) compounds and based on the docking results ligands -3, 5, 

14, and 16 were screened among 17 different compounds and it was found that Ligands-3, 14 
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selectively inhibit CDK724. Zhang. XH, et.al., while discovering the mechanism of action of 

myricetin, a natural flavonoid found out that myricetin inhibited the overexpression of CDK7 

kinase protein, as well as CDK7-mediated Thr161 phosphorylated (active) Cdc2. This was 

particularly found in human hepatoma HepG2 cells, where myricetin prohibited cell proliferation 

and induced G2/M phase arrest25. Variolin B (VAR-B) is a natural product isolated from the 

sponge Kirkpatrickia variolosa. It is found in Antarctica. Simone. M, et. al., evaluated the activity 

of variolin and found that it inhibited the activity of CDK7. CDK7 is overexpressed in cancer 

cells26. Khalil.HS , et.al., researched that the roscovitine , a synthetic analogue of rosmarine from 

Raphanus sativus (radish) exhibited anti anti CDK7 activity. Roscovitine (generic name Seliciclib) 

has been evaluated in a number of Phase I and II clinical trials and have displayed very good 

activity in patients27.Al-Rawashde.FA, et.al., evaluated that  thymoquinone (TQ) obtained from 

Nigella sativa seeds was exposed to the cells of chronic myeloid leukemia (CML) for 48 hours led 

to the downregulated cyclin A2, cyclin D1, cyclin E1, cyclin B1, CDK1, CDK2, CDK4, CDK6, 

and CDK7 and upregulated p53, p16, p18, p21, and p27 expressions were increased by TQ 

incubation for 72 h28. Yuying Li, et. al., found out that three flavonoids homogenous compounds 

from tartary buckwheat seeds and bran, namely quercetin, isoquercetin, and rutin downregulated 

Cyclin D1, Cdk2, and Cdk7 levels and upregulated expression of p53 and p2129. Chiang.SK, et.al., 

performed paraptosis or non-apoptosis programmed cell death on xenograft mouse models with 

paraptosis inducing agents CPYPP, cyclosporin A, and curcumin, and found that they inhibit 

cyclin-dependent kinase (CDK) 7/9 drive paraptotic progression in a mutually-dependent manner 

with heat shock proteins (HSPs). The xenograft mouse models of MDA-MB-231 breast cancer and 

docetaxel-resistant OECM-1 head and neck cancer cells further confirmed the induction of 

paraptosis against tumor growth30. Oroxylin A is primarily obtained from the roots of the 

medicinal plants Oroxylum indicum and Scutellaria baicalensis. Yang.Y, et.al., found that 

Oroxylin A is a promising apoptosis inducer of human hepatoma HepG2 cells. Further it was 

found that Oroxylin A caused cell cycle arrest of BGC-823human gastric carcinoma cells. Along 

with cell cycle arrest it was found that Oroxylin A inhibited expression of Cdk731. 

Nukaya. M, et.al., researched that when an oncogene DNAJB1-PRKACA was introduced in 

Fibrolamellar carcinoma (FLC), using CRISPR/Cas9 there was an aberrant cell cycle progression 

and an evidence was found that there was inhibition of CDK732. Resveratrol (3,5,4'-

trihydroxystilbene), is a phytoalexin found in grapes. Liang. YC, et.al., gave a possible mechanism 

for anti-cancer activity of resveratrol. It was found that that resveratrol have low levels of CDK7 

kinase-Thr(161)-phosphorylated p34(CDC2)33. Li. Y, et.al., investigated that quercetin extracted 
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from buckwheat increased expression of p53 and p21, decreased levels of CDK causing apoptosis 

production of reactive oxygen species and further arrest of G2/M phase in human hepatoma 

HepG2 cells34. Manzo.SG, et.al., found that Triptolide, a Chinese medicine obtained from 

medicinal herb Tripterygium wilfordii Hook. f. causes degradation of RNAPII mediated by 

CDK735. Campos.PE, et.al., discovered that Osirisyne 5,6 obtained from methylene chloride 

methanol (1:1) extract obtained from marine sponge Haliclona sp. collected in Mayotte. Of all the 

compounds Osirisyne B (5) was the most active compound with IC50 on, CDK7 kinase of  µM, 

9.13 µM36. Hassane. CS, et.al., found that polybrominated diphenyl ethers (PBDEs) of the extract 

of the marine sponge Lendenfeldia chondrodes (Thorectidae) displayed kiase activities particularly 

compound number 6 was found to have a very potent activity against CDK737. Bhurta.D and 

Bharate.S discovered that many natural compounds including rutin, bergenin, morin, quercetin, 

baicalein, boeravinone B, pongol, isopongaglabol, fisetin, and lanceolatin has CDK7 inhibitory 

activity and made a library of these compounds. The flavonoids rutin, morin, quercetin, baicalein, 

and fisetin were particularly active against CDK7/H38. König. A, et.al., found that flavopiridol 

inhibits CDK739. Zocchi.L, et.al., discovered that flavopiridol exhibits it’s its cytotoxic effects 

through inhibition of CDK9 and CDK7, hence inhibiting global RNA transcription40. 

CONCLUSION 

It can be concluded that CDK7 is a promising target for future cancer treatment. It would inhibit 

cell proliferation encourage apoptosis and causes cell death thereby reducing the tumour size. 

Some of the derivatives have reached Phase I/Phase II stages in clinical trials indicating that CDK7 

inhibitors can be considered as serious candidates for the treatment of different cancers especially 

breast cancer and lung cancers. Both natural and synthetic CDK7 inhibitors have been found to be 

very effective in inhibiting various cancer cell lines. Hence CDK7 inhibitors can be considered as 

a potential target to inhibit malignant tumour growth by targeting overexpressing CDK7 

selectively. 
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