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Abstract: Skin cancer is among the most common malignancies worldwide, highlighting the need for novel, 

target-oriented therapeutic strategies. In this study, the molecular level interactions of three active 

compounds (diclofenac, imiquimod and lanolin), commonly used in topical skin cancer treatment, with two 

important skin cancer-associated proteins, Bcl-2 (1HJD) and PD-1 (7WVM), were investigated by 

computational (in silico) methods. Molecular docking analyses revealed that both imiquimod and diclofenac 

exhibited high binding affinities toward the target proteins. Notably, imiquimod demonstrated strong 

interactions with PD-1, a key immune checkpoint protein, supporting its immunotherapeutic potential. 

Diclofenac, on the other hand, showed significant binding to Bcl-2, suggesting a possible role in apoptosis 

induction. Lanolin exhibited limited binding, likely due to its primary role as an emollient or carrier rather 

than a therapeutic agent. These findings support the molecularly targeted actions of imiquimod and 

diclofenac in skin cancer treatment and provide new insights into their underlying mechanisms of action. 
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1. Introduction 

Skin cancer, particularly non-melanoma forms such 

as basal cell carcinoma (BCC) and squamous cell 

carcinoma (SCC), represents one of the most 

prevalent malignancies globally and accounts for 

the majority of dermatological cancer diagnoses [1-

4]. The incidence of these cancers has been steadily 

increasing over the past decades, largely driven by 

demographic aging, higher cumulative ultraviolet 

(UV) exposure, and lifestyle-related factors. 

Chronic sun exposure, especially to UV-B 

radiation, induces DNA damage, oxidative stress, 

and immunosuppression in the skin, collectively 

contributing to carcinogenesis [5,6]. Additional risk 

factors, including fair skin phenotype, a history of 

frequent sunburns during childhood, long-term 

immunosuppressive therapy, occupational outdoor 

work, and specific genetic mutations (e.g., TP53, 

PTCH1), further elevate susceptibility to these 

malignancies [7-9]. 

 
1 Corresponding Authors 

e-mail: mustafatosun@cumhuriyet.edu.tr 

Although surgical excision remains the gold-

standard treatment, its use may be limited in 

cosmetically sensitive or anatomically challenging 

areas such as the face, periocular region, and ears 

[10,11]. Consequently, there is a growing clinical 

interest in topical or non-invasive therapeutic 

alternatives that can preserve tissue integrity, 

reduce procedural morbidity, and improve cosmetic 

outcomes. Agents such as imiquimod, diclofenac 

sodium gel, and photodynamic therapy have 

emerged as important modalities in managing 

early-stage or superficial lesions, especially in 

patients who are poor surgical candidates or who 

prefer non-surgical options Bahner [12-14]. 

Understanding the molecular mechanisms through 

which these topical agents exert anticancer effects 

is therefore essential for expanding therapeutic 

strategies and optimizing patient outcomes. 

One of the most widely used topical therapeutic 

agents is diclofenac, a non-steroidal anti-

inflammatory drug (NSAID) that has been 
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approved by the U.S. Food and Drug 

Administration (FDA) for the management of 

actinic keratosis. Beyond its well-characterized 

inhibition of cyclooxygenase-2 (COX-2), 

diclofenac exerts several additional anticancer 

mechanisms that extend its utility in dermatological 

oncology. By suppressing prostaglandin E₂ (PGE₂) 

synthesis, diclofenac reduces chronic 

inflammation, a key driver of skin carcinogenesis, 

and disrupts the microenvironment that promotes 

tumor development. Moreover, diclofenac has been 

shown to modulate apoptotic pathways by 

downregulating anti-apoptotic proteins such as Bcl-

2, while facilitating the activation of intrinsic 

apoptotic signaling cascades, thereby promoting 

programmed cell death in dysplastic keratinocytes 

[15].  

Another clinically significant topical agent is 

imiquimod, an immune response modifier used 

extensively in the treatment of superficial BCC, 

actinic keratosis, and HPV-related lesions [16]. 

Imiquimod functions primarily through the 

activation of Toll-like receptor 7 (TLR7), which 

triggers downstream signaling pathways involving 

MyD88-dependent NF-κB activation [17,18]. This 

results in robust production of type I interferons 

(IFN-α/β), interleukins (IL-6, IL-12), and tumor 

necrosis factor-α (TNF-α), collectively enhancing 

both innate and adaptive antitumor immunity 

[19,20]. Furthermore, recent studies have suggested 

that imiquimod may also interact with immune 

checkpoint pathways, particularly PD-1 

(Programmed Death-1), by modulating its 

expression or interfering with PD-1/PD-L1 binding 

dynamics [21,22]. These emerging insights raise 

the possibility that imiquimod may exert a 

secondary immunomodulatory role beyond TLR7 

activation, contributing to its clinical efficacy 

against early-stage or superficial skin cancers 

[23,24]. 

Lanolin, by contrast, is primarily employed as an 

emollient and vehicle in dermal formulations 

[25,26]. Rather than exerting direct anticancer or 

immunomodulatory activity, lanolin functions as a 

bioavailability enhancer that improves 

percutaneous absorption, facilitates the penetration 

of lipophilic active molecules, and stabilizes 

semisolid formulations [27-29]. Its high lipid 

content and occlusive properties enable prolonged 

skin hydration, support barrier function, and create 

a microenvironment that promotes sustained 

release of therapeutic agents [30-32]. 

Consequently, lanolin is considered a supportive 

excipient within topical formulations rather than an 

active therapeutic agent [33-35]. Among the topical 

agents evaluated in this study, diclofenac and 

imiquimod represent well-established 

pharmacologically active molecules with 

documented antitumor or immunomodulatory 

effects, whereas lanolin functions primarily as a 

dermal excipient rather than an active therapeutic 

compound [36,37]. 

Diclofenac, a widely used non-steroidal anti-

inflammatory drug (NSAID), has gained FDA 

approval for the treatment of actinic keratosis due 

to its multifaceted biological actions [38,39]. 

Beyond its canonical inhibition of cyclooxygenase-

2 (COX-2) and subsequent suppression of 

prostaglandin E₂ (PGE₂) production, diclofenac 

also modulates apoptotic pathways by 

downregulating anti-apoptotic proteins such as Bcl-

2, while inducing oxidative stress and 

mitochondrial dysfunction in dysplastic 

keratinocytes. These combined effects promote 

apoptosis and inhibit proliferation, supporting its 

use as a topical chemopreventive or 

chemotherapeutic agent in early-stage skin 

carcinogenesis [40-46]. 

Imiquimod, on the other hand, acts as a potent 

immune response modifier and is widely used for 

superficial basal cell carcinoma, actinic keratosis, 

and HPV-related lesions [47]. Its primary 

mechanism involves the activation of Toll-like 

receptor 7 (TLR7), which induces a cascade of 

immunological events including the production of 

type I interferons, pro-inflammatory cytokines, and 

the recruitment of cytotoxic immune cells to the 

tumor microenvironment [48,49]. Recent studies 

have also suggested that imiquimod affects immune 

checkpoint pathways, particularly the PD-1/PD-L1 

axis, suggesting the possibility that imiquimod may 

enhance antitumor immunity not only through 

innate immune activation but also through 

checkpoint modulation. [50]. 

In contrast, lanolin (represented in silico by 

lanosterol) is a complex mixture of sterols, fatty 

alcohols, and long-chain esters commonly used as 

an emollient and formulation vehicle in 

dermatological preparations [51]. Although lanolin 

lacks direct anticancer or immunomodulatory 
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activity, it plays a critical role in enhancing the 

dermal delivery of active compounds by improving 

skin hydration, modifying permeation kinetics, and 

stabilizing topical formulations. As such, lanolin 

serves as a bioavailability-enhancing excipient, and 

assessing its interaction profile confirms its 

expected lack of meaningful affinity for molecular 

cancer-related targets [52]. 

Taken together, these three compounds represent 

distinct functional categories within topical 

dermatologic treatments: an active NSAID 

(diclofenac), an immune-activating agent 

(imiquimod), and a supportive excipient (lanolin). 

Evaluating their molecular interactions with key 

regulatory proteins such as Bcl-2 and PD-1 

provides mechanistic insights into their therapeutic 

or auxiliary roles and highlights the biological 

relevance of active constituents relative to 

formulation components [53]. 

In this study, we evaluated the possible molecular 

interactions of diclofenac and imiquimod, which 

are widely used in skin cancer treatment, and 

lanolin, a supportive agent, with two skin cancer-

related target proteins, Bcl-2 (1HJD) and PD-1 

(7WVM), using in silico methods. Bcl-2 is a 

negative regulator of intracellular apoptotic 

signaling that contributes to tumor cell survival, 

whereas PD-1 functions as an immune checkpoint 

protein that facilitates tumor immune evasion. 

Through molecular docking analyses, the 

interaction potentials of these compounds with 

these two key targets were explored, providing 

insight into their potential mechanisms of action. 

 

2. Computational Method 

The three-dimensional structures of lanosterol, 

selected as a representative compound for the 

studied diclofenac, imiquimod, and lanolin, were 

obtained in SDF format from the PubChem 

database [54]. Because lanolin is a chemically 

complex mixture, lanosterol, one of the main sterol 

components, was used as the representative 

structure for computational studies, as widely 

accepted in the literature. All ligands were prepared 

using the LigPrep tool within the Schrödinger 

Maestro 13.5 software package [55,56]. At this 

stage, appropriate protonation states were 

determined using the Epic module at pH 7.0 ± 0.2, 

and low-energy three-dimensional conformers were 

generated and optimized under the OPLS4 force 

field [57,58]. The crystal structure of the Bcl-2 

protein (PDB ID: 1HJD) [59] and the ligand-bound 

form of the PD-1 protein (PDB ID: 7WVM) [60] 

were downloaded from the Protein Data Bank 

database and standardized using the Schrödinger 

Protein Preparation Wizard [61]. During the 

preparation phase, crystal water molecules, 

cofactors and heteroatoms not required for binding 

analysis were removed, missing side chains and 

hydrogen atoms were added, protonation states 

were optimized and the structure was finally 

subjected to energy minimization under the OPLS4 

force field [62,63]. Molecular docking studies were 

performed using the Schrödinger Glide module 

[64]. For Bcl-2, residues Arg66, Phe101, Ala108, 

and Tyr199, which form the BH3 binding groove, 

and for PD-1, residues Ile126, Tyr68, Asp85, and 

Glu136, which form the PD-1/PD-L1 interaction 

surface, were used as references for determining the 

active site sites. Grid boxes created with the Glide 

Grid Generation tool were optimized to include 

these residues. All ligands were first scanned in 

Glide Standard Precision (SP) mode, and then the 

best poses were re-evaluated in Extra Precision 

(XP) mode. For each ligand, the pose with the 

lowest GlideScore was analyzed in detail for 

binding mode and energy assessments. The 

GlideScore, Emodel, and Ligand Efficiency 

parameters were used as the basis for comparing the 

results [65]. 

 

3. Results and discussion 

In this study, the molecular interactions of three 

topical agents commonly used in the treatment of 

skin cancer diclofenac, imiquimod, and lanolin with 

skin cancer-associated proteins Bcl-2 (PDB ID: 

1HJD) and PD-1 (PDB ID: 7WVM) were evaluated 

using computational methods. 
 

3.1. Molecular Docking Analysis 

Molecular docking simulations were performed 

using the Schrödinger Maestro 13.5 platform with 

Glide SP and XP scoring functions to evaluate the 

binding affinities of diclofenac, imiquimod, and 

lanosterol (representative of lanolin) toward the 

Bcl-2 (1HJD) and PD-1 (7WVM) proteins. The 

numerical docking parameters, including 

GlideScore, ligand efficiency, hydrogen bond 

contribution, van der Waals energy, Coulombic 

interactions, Emodel, and internal energy values, 
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are presented comprehensively in Table 1. 

According to the XP docking scores provided in 

Table 1, imiquimod showed the strongest predicted 

affinity toward PD-1 (GlideScore = −6.37 

kcal/mol), supported by favorable van der Waals 

(−26.79 kcal/mol) and electrostatic (−5.87 

kcal/mol) contributions. Lanolin displayed 

moderate affinity for PD-1 (−4.90 kcal/mol), while 

diclofenac exhibited weaker binding (−3.44 

kcal/mol). For the Bcl-2 protein (1HJD), diclofenac 

(−4.15 kcal/mol) and imiquimod (−3.94 kcal/mol) 

showed moderate affinity, whereas lanolin 

demonstrated notably weak binding (−0.85 

kcal/mol), consistent with its sterol-based bulky 

structure and steric incompatibility with the narrow 

BH3-binding groove. Glide ligand efficiency 

values in Table 1 further support these trends. 

Imiquimod exhibited the highest efficiency toward 

PD-1 (LE = −0.35), reflecting its energetically 

favorable interactions relative to molecular size. 

Lanolin displayed particularly low ligand 

efficiency for both proteins, indicating that its 

structural properties do not favor classical binding-

site accommodation. Glide Emodel values, also 

summarized in Table 1, highlight pose stability and 

geometric fit. Imiquimod again demonstrated 

highly favorable conformations within the PD-1 

pocket (Emodel = −49.97), while lanolin produced 

less favorable, higher Emodel and internal strain 

values (einternal = 10.18 and 11.03), consistent 

with its limited capacity to adopt optimal docking 

poses. The docking results for diclofenac, 

imiquimod, and lanolin are provided in Table 1, 

while their docking poses in the active sites of 

1HJD and 7WVM are illustrated in Figure 1. 

Glide Ligand Efficiency, defined as the ratio of 

binding energy to molecular size, serves as an 

indicator of binding effectiveness; more negative 

values suggest more efficient binding. Diclofenac 

showed the highest ligand efficiency with 7WVM, 

while imiquimod exhibited moderate ligand 

efficiency with the same protein. Overall, ligand 

efficiencies for all compounds were observed to be 

lower with the 1HJD protein compared to 7WVM. 

Glide emodel scores, which evaluate the quality of 

docking conformations, indicate better docking 

poses with more negative values. Both diclofenac 

and imiquimod demonstrated favorable 

conformations in their binding to 7WVM, while 

lanolin showed moderate to poor docking scores 

with both proteins, reflecting suboptimal binding 

poses. 

Imiquimod was found to bind within the active 

pocket of the 7WVM (PD-1) protein, forming 

hydrogen bonds with key residues and engaging in 

strong hydrophobic interactions. Its interaction with 

1HJD (Bcl-2) involved hydrogen bonding with 

ASP101, as well as several hydrophobic contacts. 

Diclofenac, on the other hand, localized specifically 

within the active site of Bcl-2, forming hydrogen 

bonds through its carboxyl group and establishing 

robust hydrophobic interactions, supporting its 

potential to inhibit this anti-apoptotic protein. 

Conversely, lanolin, due to its large and flexible 

structure, failed to occupy the binding pockets of 

either protein effectively and primarily exhibited 

weak van der Waals interactions. This finding 

supports the notion that lanolin acts more as an 

excipient or supportive agent rather than a direct 

therapeutic molecule. Further details of the 

molecular docking interactions are provided in 

Table 2. 

 
Table 1. Numerical values of the docking parameters of molecule against protein 

1HJD 
Docking 

Score 

Glide ligand 

efficiency 

Glide 

hbond 

Glide 

evdw 

Glide 

ecoul 

Glide 

emodel 

Glide 

energy 

Glide 

einternal 

Glide 

posenum 

Diclofenac -4.15 -0.22 -0.20 -19.80 -5.06 -33.40 -24.86 2.32 389 

Imiquimod -3.94 -0.22 -0.38 -15.77 -2.83 -25.25 -18.60 0.21 55 

Lanolin -0.85 -0.02 -0.28 -36.71 -1.10 -34.66 -37.81 10.18 209 

Venetoclax -1.25 -0.11 -0.10 -42.25 -0.87 -33.95 -36.26 -12.32 153 

7WVM 
Docking 

Score 

Glide ligand 

efficiency 

Glide 

hbond 

Glide 

evdw 

Glide 

ecoul 

Glide 

emodel 

Glide 

energy 

Glide 

einternal 

Glide 

posenum 

Imiquimod -6.37 -0.35 -0.01 -26.79 -5.87 -49.97 -32.66 0.65 37 

Lanolin -4.90 -0.14 -0.14 -44.66 -2.67 -56.16 -47.33 11.03 208 

Diclofenac -3.44 -0.18 -0.34 -24.62 -0.52 -31.85 -25.15 1.93 315 

Venetoclax -2.02 -0.17 -0.21 -41.04 -0.58 -33.95 -32.51 -13.03 155 
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Figure 1. Docking poses between Diclofenac, Imiquimod and Lanolin structures and 1HJD and 7WVM 

proteins 

 

The ligand-protein interaction types of Diclofenac, 

Imiquimod and Lanolin structures between the 

1HJD and 7WVM proteins are given in Figure 2 

and the ligand-protein interaction types are given in 

Table 2. 

The docking poses illustrated in Figure 1 clearly 

support the numerical docking results. Diclofenac 

and imiquimod successfully position themselves 

within the BH3-binding region of Bcl-2, 

establishing compact and geometrically consistent 

orientations that align with their moderate 

GlideScore values. By contrast, lanolin—due to its 

elongated sterol structure—fails to enter the narrow 

binding pocket and instead aligns superficially 

along the protein surface. For the PD-1 protein, 

imiquimod fits directly into the PD-1/PD-L1 

interface, adopting a stable and symmetrical pose 

consistent with strong hydrophobic and 

electrostatic anchoring. Lanolin interacts primarily 

through surface hydrophobicity, while diclofenac 

remains peripherally located with minimal 

penetration into the regulatory interface. These 

pose differences visually reinforce the 

computational affinity trends presented in Table 1. 

The 2D interaction profiles presented in Figure 2 

and summarized in Table 2 provide detailed insight 

into the molecular determinants of binding affinity. 

For Bcl-2 (1HJD), diclofenac forms multiple 

hydrogen bonds (e.g., Lys11, Ser19, His20) and 

hydrophobic contacts with Val98, Cys18, and 

Tyr79, supporting its moderate but meaningful 

binding energy. Imiquimod interacts with Lys11 

and Asp101 while simultaneously engaging 

hydrophobic residues such as Val98 and Tyr79, 
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enabling a stable conformational fit within the BH3 

groove. Lanolin, lacking polar functional groups 

positioned for hydrogen bonding, interacts largely 

through hydrophobic patches but does not establish 

directional interactions, resulting in poor affinity. 

 

 
Figure 2. The ligand-protein interaction types of between Diclofenac, Imiquimod and Lanolin 

structures and 1HJD and 7WVM proteins 

 

Table 2. Types of interactions between Diclofenac, Imiquimod and Lanolin structures and 1HJD and 

7WVM proteins 

  1HJD   7WVM  

 H- bonds  Polar  Hydrophobic  H- bonds  Polar  Hydrophobic  

Diclofenac LYS11 SER19 

HIS20 

SER51 

VAL98 

CYS18 

CYS13 

ALA14 

TYR79 

LEU77 

PHE50 

THR59 

ARG56 

ASN58 

SER57 

ASN102 

ASN58 

THR59 

SER60 
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Imiquimod LYS11 THR100 

SER51 

VAL98 

TYR79 

CYS13 

CYS18 

GLU61 ASN31 

SER30 

ASN58 

GLN99 

PHE32 

PHE63 

VAL64 

LEU65 

PRO83 

PHE82 

PHE106 

PHE56 

Lanolin TYR79 SER64 

GLN66 

ALA8 

PHE60 

LEU53 

PHE50 

TYR48 

VAL65 

ALA74 

ALA75 

LEU77 

TYR79 

TYR106 

PHE105 

ARG56 ASN74 

ASN58 

GLN99 

SER62 

SER52 

ASN31 

SER30 

LEU65 

VAL64 

PRO83 

PHE63 

PHE82 

PHE10 

PHE56 

LEU128 

PHE32 

 

For PD-1 (7WVM), imiquimod demonstrates the 

richest and most diverse interaction map, including 

polar contacts with Asn31, Ser30, Asn58, and 

Glu61, complemented by extensive aromatic and 

aliphatic contacts (Phe32, Phe63, Leu65). This 

broad interaction network explains its superior 

GlideScore. Diclofenac forms fewer stabilizing 

contacts, interacting mostly through shallow 

hydrophobic residues. Lanolin again relies 

primarily on hydrophobic interactions and fails to 

form directional contacts, consistent with its mid-

range docking score. Together, these diagrams 

emphasize that imiquimod possesses both the 

geometric and electrostatic characteristics 

necessary for effective PD-1 binding, while 

diclofenac demonstrates selective stabilization at 

the Bcl-2 binding site, and lanolin remains largely 

incapable of forming high-affinity, pocket-specific 

interactions. 

Although the docking results obtained in this study 

provide valuable molecular-level insights into the 

potential interactions of diclofenac, imiquimod and 

lanolin with the Bcl-2 and PD-1 proteins, the 

findings remain inherently limited by the in silico 

nature of the methodology. Computational docking 

offers an efficient and informative first step in 

predicting binding tendencies; however, it cannot 

fully replicate the complexity of dynamic biological 

systems. Therefore, the results should be 

interpreted as preliminary indicators rather than 

definitive evidence of biological activity. The 

absence of experimental validation—such as 

biochemical binding studies, surface plasmon 

resonance measurements, or cell-based inhibition 

assays—represents a significant limitation. Future 

research will focus on complementing these 

computational predictions with in vitro and in vivo 

experiments, as well as more advanced 

computational approaches such as molecular 

dynamics simulations and MM-GBSA free-energy 

estimations, to more accurately assess the 

biological relevance and therapeutic potential of the 

identified interactions. 

 

4. Conclusions 

Among the tested compounds, imiquimod 

demonstrated the strongest and most favorable 

binding profile toward the 7WVM (PD-1) protein, 

as indicated by its GlideScore, ligand efficiency, 

and Emodel values. These results highlight 

imiquimod’s structurally compatible orientation 

within the PD-1/PD-L1 interface and its ability to 

form multiple stabilizing hydrophobic and polar 

interactions. Diclofenac, although showing 

moderate affinity toward 7WVM, exhibited the 

highest binding performance against the 1HJD 

(Bcl-2) protein, supported by meaningful van der 

Waals contributions and hydrogen-bond contacts 

within the BH3-binding groove. While diclofenac 

did not surpass imiquimod in PD-1 binding 

efficiency, it nevertheless displayed a consistent 

and energetically reasonable interaction profile for 

both proteins, suggesting that its chemical scaffold 

can adapt to more than one type of protein 
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environment. In contrast, lanolin (lanosterol) 

showed very weak binding to both targets. Its bulky 

and rigid sterol backbone limited its insertion into 

well-defined binding pockets, resulting in low 

ligand efficiency, unfavorable Emodel values, and 

interactions restricted mainly to nonspecific 

hydrophobic contacts. This behavior is consistent 

with its known function as an excipient rather than 

an active pharmacological agent. Overall, the 

docking data indicate that imiquimod and 

diclofenac exhibit meaningful molecular 

recognition toward PD-1, with imiquimod 

emerging as the most promising ligand for this 

target. Diclofenac demonstrated a stronger 

interaction with Bcl-2, while imiquimod 

maintained balanced and favorable interactions 

with both proteins. The consistently weak binding 

of lanolin confirms its lack of direct inhibitory or 

regulatory potential at the molecular level. 

It should be noted that this study is based solely on 

computational docking analyses, which, although 

informative, cannot substitute for experimental 

confirmation. Future studies integrating 

biochemical assays, cell-based models, and 

molecular dynamics simulations will be essential to 

validate and extend the present findings. 
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