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ABSTRACT
Background and Objective: The use of corticosteroids in cancer treatment is common, they are especially
effective in individuals with substantial peritumoral edema and neurological impairments. The present
study aimed to correlate the 57 novel steroidal derivatives with their ability to inhibit CDK6 protein which
is an important target for brain cancer. Materials and Methods: The steroidal molecules and their
activities were taken from the  literature.  The  molecules  were  drawn  and  energies  were  minimised.
The molecular docking studies were performed using the protein CDK6(PDB-6OQO). The 16-substituted
epiandrosterone derivatives were evaluated for their binding potential to the protein using AutoDock.
Results: The best-docked compound (S228) is showing hydrogen bonding with LYSA: 43, LYSA29 and
ASPA: 163, one pi-sigma bond with ALAA: 162  and  alkyl  binding  with  LYSA:  29,  VALA:  27,  ILEA:  19, 
ILUA:  152. The derivatives possessing 16-(4-nitrobenzylidene) substitution have exhibited higher binding
energies in comparison to other substituents. Conclusion: These dehydroepiandrosterone derivatives have
exhibited good binding energies for CDK6 protein. The studies have revealed that at position 3, the
substitution of electro-negative will enhance the affinity of the molecules towards the protein.
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INTRODUCTION
Corticosteroids are commonly used in cancer treatment and they are especially effective in individuals with
substantial peritumoral edema and neurological impairments. Despite their extensive history of usage and
enormous influence in clinical oncology over several decades, little is understood about the molecular and
clinical processes by which corticosteroids work1,2.

Steroids were first used in the treatment of brain cancer patients approximately 50 years ago because of
their potent anti-edema properties. In 1952, ingraham was the first to utilize cortisone to treat
postoperative cerebral edoema in neurosurgical patients3 and in 1957, kofman was the first to use
prednisone for peritumoral edoema caused by brain metastases4. Dexamethasone was shown to efficiently
relieve cerebral edoema caused by brain tumors more than 40 years ago, which changed brain tumor
patient care. Galicich’s research found that large doses of dexamethasone can prevent the growth of brain
tumours1.
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Dexamethasone   has   continued   to   be  the  most  helpful  treatment  for those with brain  cancer.
When compared to other corticosteroids, it has a reduced sodium and water retention index, which has
a clear benefit for the treatment5. Methylprednisolone, dexamethasone, prednisone and prednisolone have
since been shown to have anticancer properties against hematologic cancers6. In cancer patients,
glucocorticoids have also been shown to help decrease tumor-related discomfort, reduce nausea and
vomiting and improve appetite7. Importantly, in individuals with carcinomatous meningitis and CNS
lymphoma, steroids are frequently prescribed8. Because of its extended half-life, low mineralocorticoid
action and minimal likelihood to generate psychosis, dexamethasone has become the medication of
choice in neuro-oncology2.

Despite its widespread use, only a few prospective clinical trials to assess the appropriate dose of
dexamethasone in brain cancer patients have been conducted9,10. The effectiveness of steroids in
decreasing tumor-related edema has been thoroughly established11,12.

Glioblastoma is one of the most malignant types of brain tumour. Currently, not much of the treatment
is  available  for  it.  Patients are usually treated with radiation along with temozolomide (TMZ) therapy.
But the effect is generally short duration and there is a high degree of reoccurrence.
Dehydroepiandrosterone (DHEA), is a neurosteroid that maintains the health of neurons and astrocytes.
DHEA  stops  tmz-induced  apoptosis by reducing DNA damage in MGMT (O6-methylguanine-DNA
methyl-transferase)-deficient glioblastoma. The exact mechanism for the same is yet to be established13-15.

An essential enzyme, cyclin-dependent kinase 6 (CDK6) controls the cell cycle progression in the body.
Recently,  it  has also been demonstrated that CDK6 plays a transcriptional part in tumour angiogenesis.
In particular, up-regulated CDK6 activity is linked to the development of many cancer types, especially
CNS cancer16.

In the present study, the CDK6 inhibitory potential of some novel steroidal molecules. In silico binding
energies of 57 novel 16-substituted DHEA derivatives as CDK6 inhibitors were calculated and protein
interactions were estimated.

MATERIALS AND METHODS
Study area: The present study was conducted at College of Pharmaceutical Sciences, Dayananda Sagar
University, Bengaluru. The study was carried out from April, 2022 to August, 2022.

Collection of the data: The data was collected from the synthesis and biological evaluation of a series
of  16-substituted  DHEA  derivatives  from literature17-19. These compounds were found to have potent
anti-cancer activity, particularly against cancer cells of the Central Nervous  System  (CNS).  The  57  novel
16-substituted DHEA derivatives were first drawn in 2D using chemical drawing software. The structures
were then cleaned up to remove any errors or inconsistencies. Next, the force field MM2 was used to
perform energy minimization on the structures. This process helped to ensure that the structures were in
their most stable form. Finally, the structures were saved in PDB format, which is a standard file format for
storing protein and ligand structures.

The CDK6 protein ID 6OQO was selected from the Protein Data Bank (PDB). The CDK6 protein that has
been selected has a resolution of 1.98 Å, which is considered to be  high  resolution.  The  protein  is  also 
a non-mutant variant from homo sapiens, which means that it is the same protein that is found in humans.
This was considered to be appropriate for the current studies because it’s important to investigate the
potential of the 16-substituted DHEA derivatives to inhibit CDK6 in humans. The 16-substituted DHEA
derivatives were prepared in pdb format, which is the  same  file  format  as  the  CDK6  protein. The  water
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molecules were removed from the protein structure to create a pdbqt file, which is a format that is
specifically designed for molecular docking studies. The x, y and z coordinates of the CDK6 protein were
calculated  to  determine  the  size  of   the  grid that would be used for the molecular docking studies.
The co-crystallized molecule was removed from the protein structure to ensure that the docking results
were not biased by the presence of the other molecule. Finally, AutoDock 4.0 was used to perform the
molecular docking studies. AutoDock 4.0 is a software program that is used to predict the binding affinity
of ligands to proteins.

RESULTS AND DISCUSSION
The molecular docking studies of the novel 16-substituted DHEA derivatives were performed to see the
binding abilities of these molecules with CDK6 protein 6OQO, to act as inhibitors. Table 1 shows the
comprehensive results of the structures of steroidal derivatives, their h-bonding interaction with specific
amino acids in the protein along with the binding energies of the top 27 compounds. The results were
compared with the standard drug dexamethasone.

Table 1: Results of molecular docking studies of 16-substituted dehydroepiandrosterone derivatives with CDK6(PDB-6OQO)
macromolecule

Code Binding energy Bonding Interacting amino acids 
S228 -11.69 2 H-bond LYSA: 43, ASPA: 163, LYSA: 29

pi-Sigma ALAA: 162
pi-Alkyl LYSA: 29, VALA: 27, ILEA: 19, ILUA: 152

S227 -11.08 1H-bond TYRA: 24
pi-Sigma ALAA: 162
pi-Alkyl ILEA: 19, LEUA: 152, VALA: 27

S224 -11.07 2H-bond ASPA: 102, LYSA: 43
pi-Sigma VALA: 27
pi-Alkyl ALAA: 162, ILEA: 19, LEUA: 152

S268 -10.89 2 H-bond LYSA: 43, ASPA: 104
pi-Sigma ALAA: 162
pi-Alkyl VALA: 77, ALAA: 41, VALA: 27, ILEA: 19, VALA: 101, LEUA: 152

S256 -10.71 4H-bond LYSA: 43, GLNA: 149, THRA: 182, VALA: 181
pi-Sigma ALAA: 162
pi-Alkyl LEUA: 152, VALA: 27, TYRA: 24

S241 -10.22 2H-bond TYRA: 24, ASPA: 102
pi-Sigma PHEA: 98, VALA: 27
pi-Alkyl ALAA: 162, ILEA: 19

S250 -10.2 2H-bond TYRA: 24, ASPA: 102
pi-Sigma ALAA: 162, PHEA: 98
pi-Alkyl VALA: 27, ALAA: 41, VALA: 77, ILEA: 19, LEUA: 152

S205 -9.69 1H-bond ASPA: 102
pi-Sigma ALAA: 162, PHEA: 98
pi-Alkyl VALA: 27, ALAA: 41, VALA: 77, ILEA: 19, LEUA: 152

S265 -9.75 3H-bond LYSA: 43, HISA: 100, LYSA: 29
pi-Alkyl LEUA: 152, ALAA: 162, ILEA: 19, LEUA: 152, VALA: 27

S236 -9.44 1H-bond HISA: 100
pi-Sigma VALA: 27
pi-Alkyl ALAA: 41, PHEA: 98, ILEA: 19, LEUA: 152

S267 -9.36 1H-bond LYSA: 111
pi-Sigma LEUA: 152
pi-Alkyl ILEA: 19, LYSA: 29, HISA: 100, VALA: 27, PHEA: 98, ALAA: 162,

VALA: 101, ALAA: 41
S261 -9.27 2H-bond LYSA: 43, TYRA: 24

pi-Sigma VALA: 27
pi-Alkyl ILEA: 19, ALAA: 41, VALA: 77, LEUA: 152, PHEA: 98, TYRA: 24,

AlAA: 162
S245 -9.14 1H-bond LYSA: 43

pi-Sigma VALA: 27
pi-Alkyl ALAA: 162, LEUA: 152
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Table 1: Continue
Code Binding energy Bonding Interacting amino acids 
S251 -9.03 1H-bond VALA: 27

py-Alkyl ILEA: 19, ASPA: 104
S223 -8.92 1H-bond LYSA: 43

pi-Sigma TYRA: 24, PHEA: 98, ALAA: 162
pi-Alkyl LEUA: 152, VALA: 27, ILEA: 19

S262 -8.89 2H-bond TYRA: 24, ASPA: 102
pi-Sigma ALAA-162
pi-Alkyl TYRA: 24, ILEA: 19, LEUA: 152, HISA: 100, VALA: 77

S266 -8.87 1H-bond HISA: 100
pi-Alkyl ALAA: 162, ILEA: 19, VALA: 27

S264 -8.86 3H-bond TYRA: 24, LYSA: 43, ASPA: 102
pi-Alkyl ILEA: 19, VALA: 27, ALAA: 162, ILEA: 19

S196 -8.54 pi-Sigma TYRA: 24
pi-Alkyl ALAA: 162, ALAA: 41, ILEA: 19, VLA: 27, VLA: 101, VLA: 77,

ALAA: 162, LEUA: 152, PHEA: 98, GLUA: 99, ASPA: 104,
GLNA: 149, ASNA: 150

S243 -8.46 pi-Sigma LEUA: 152
pi-Alkyl ALAA: 41, ILEA: 19, VALA: 27, ALAA: 162

S207 -8.35 1H-bond LYSA: 29
pi-Sigma TYRA: 24, ILEA: 19
pi-Alkyl IEUA: 152, VALA: 27

S247 -8.32 2H-bond LYSA: 29, VALA: 101
pi-Alkyl TYRA: 24, VALA: 27, LEUA: 152

S197 -8.16 1H-bond HISA: 100
py-Sigma ILEA: 19, LEUA: 152
py-Alkyl ALAA: 41, VALA: 27

S230 -7.93 2H-bond ALAA: 41, ILEA: 19
py-Alkyl VALA: 27

S263 -7.92 1H-bond LYSA: 43
py-Alkyl TYRA: 24, VALA: 27, LEUA: 152

S188 -7.86 py-Alkyl VALA: 27, VALA: 77, ILEA: 19, LEUA: 152, ALA: 162, ALAA: 41,
TYRA: 24, PHEA: 98

S184 -7.11 py-Alkyl VAL: 1, 01 VAL: 27, ALA: 41, ILEA: 19, HIS: 100
0H-bond

DEXAMETHASONE -7.45 3H-bond ILEA: 19, ILEA: 19, LYSA: 43
py-Alkyl ALAA: 162, LEUA: 152, TYRA: 24

It is evident from the results that the steroid derivatives possessing 16-(4-nitrobenzylidene) substituted
(compound No. S-228, 227, 224, 268 and 256) are exhibiting higher binding energies in comparison to
other substituents. At position 3, the substitution of acetate group, amines or pyrrole ring is preferred.

Figure 1 to 5 shows the binding interactions of the five best steroidal derivatives.

The  best-docked  compound  (S228)  is  showing  2H-bond  bonding  (LYSA: 43,  LYSA29  and  ASPA: 
163), one pi-sigma bond (ALAA: 162) and alkyl binding with (LYSA: 29, VALA: 27, ILEA: 19 and ILUA: 152)
some of the amino acids are even showing van der waals interactions.

Similar kind of interactions are visible in other steroidal derivatives exhibiting good binding interactions
(Fig. 2-5).

Almost all steroidal derivatives exhibit better binding energy and interactions compared to the standard
drug-dexamethasone. There are fewer studies that have been done on the use of steroids as an anticancer
agent20-22 an in silico study conducted by Saikia et al.23 on marine steroids has shown their potential to
inhibit CDK4 and Bcl-2 receptors. The investigation of steroidal molecules against CDK6 inhibition has not
been explored previously. In this aspect based on the results obtained from this study, it can be said that
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Fig. 1: Binding interactions of (S228) structure

Fig. 2: Binding interactions of (S227) structure
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Fig. 3: Binding interactions of (S224) structure

Fig. 4: Binding interactions of (S268) structure
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Fig. 5: Binding interactions of (S256) structure

the steroidal molecules do possess the potential to bind with CDK6 receptor through amino acids LYSA:
43, TYRA: 24, VALA: 27 and LEUA: 152. These amino acids can be potential binding sites for these steroidal
molecules to exhibit anticancer activity in the CNS. When compared 16 (4-nitro benzylidene) substitution
has proven good for the binding  of  the  molecule  in  the  active  site  of  CDK6  protein (PDB-6OQO).
Hence, the introduction of electronegative groups like nitro, acetate and amines may prove beneficial for
the designing of potent steroidal derivatives possessing activity for CNS cancer.

CONCLUSION
In conclusion, this study investigated a new target for steroidal molecules and the relationship between
steroidal derivatives and their potential  to  inhibit  CDK6  receptors  in  silico  has  been  established.
Various 16-substituted DHEA derivatives were evaluated. The results of the study have shown that the
introduction of an electronegative group at the 16-position of steroidal molecules can enhance their
binding to CDK6 receptors through amino acids LYSA: 43, TYRA: 24, VALA: 27 and LEUA: 152. This finding
has important implications for the development of new drugs that target CDK6. Further work in this
direction is warranted to optimize the binding affinity and selectivity of these compounds.

SIGNIFICANCE STATEMENT
This study has been conducted to evaluate the potential of lesser explored-substituted
dehydroepiandrosterone derivatives as CDK6 inhibitors for their potential use as CNS anticancer
molecules. These studies have revealed that these steroidal structures possess good binding affinity
towards the 6OQO protein. Further detailed studies in this direction can give a lead compound.
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