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A Novel Chimeric Vaccine Targeting Leukemia Inhibitory 
Factor and Leukemia Inhibitory Factor Receptor: A 
Computational Approach to Cancer Immunotherapy

Background: Leukemia inhibitory factor (LIF) and LIF receptor (LIFR) are critical mediators of 
cellular processes, including immune regulation, stem cell maintenance, and tumor progression. In 
Oncology, aberrant LIF/LIFR signaling promotes tumor survival and immune evasion. This study 
presents the computational design of a novel chimeric vaccine targeting immunogenic epitopes 
derived from human LIF and LIFR. 

Materials and Methods: We employed comprehensive in silico methods to investigate the 
biochemical characteristics, immunogenic epitopes, and potential functional domains of LIF and LIFR. 
After identifying suitable regions and designing a chimeric vaccine, physicochemical properties and 
3D structure were predicted using various bioinformatics tools, both individually and in combination. 

Results: The results showed highly antigenic B-cell and T-cell epitopes within LIF (amino acids 70-
100) and LIFR (amino acids 700-780), as indicated by a VaxiJen score of 0.9737. A multi-epitope 
construct was engineered by fusing selected epitopes with flexible GGGGS linkers to enhance 
immunogenicity and structural stability. 

Conclusion: A computationally designed chimeric vaccine targeting LIF and LIFR is a promising 
cancer immunotherapy strategy. Also, success requires rigorous in vivo validation and optimization, 
highlighting computational biology’s role in cancer treatment innovation and targeting key pathways.
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Introduction 

eukemia inhibitory factor (LIF), a pleio-
tropic cytokine within the interleukin-6 
(IL-6) family, mediates critical biological 
processes (BP) through heterodimeriza-
tion of its cognate receptor (LIFR) and 

gp130 co-receptor [1-3]. This signaling complex acti-
vates downstream pathways that regulate cellular dif-
ferentiation and proliferation across diverse tissue types. 
LIF coordinates pleiotropic signaling of JAK/STAT3, 
AKT, EKR1/2, and mTOR through ligand-receptor ac-
tivation [4-6]. LIF first binds to the LIFR subunit, then 
to gp130, forming a functional complex that can trigger 
activation of JAK-STAT3, MAPK, AKT, and the mTOR 
signaling pathway [3, 7]. 

LIF exhibits multifaceted oncogenic properties through 
its capacity to drive malignant proliferation across di-
verse cancer types, including solid tumors, such as 
colorectal, prostate, and breast cancers [8-11]. The LIF 
and LIFR partnership constitutes a critical signaling hub 
governing cancer stem cell (CSC) biology through 3 in-
terconnected dimensions: stemness enforcement, thera-
py resistance, and metastatic programming [8, 12, 13]. 

The oncogenic LIF/LIFR signaling pathway has 
emerged as a critical regulator of CSC maintenance and 
disease progression. Experimental models demonstrate 
that genetic silencing of LIF via siRNA in melanoma 
systems significantly impaired tumor cell prolifera-
tion, cellular adhesion, migratory capacity, and colony-
forming ability. Parallel studies in pancreatic ductal ad-
enocarcinoma and rhabdomyosarcoma models showed 
LIFR blockade: Reduced metastatic dissemination in 
pancreatic carcinoma and rhabdomyosarcoma, dimin-
ished CSC properties in ovarian malignancies, and in-
duced apoptosis in breast tumors [4, 14-16]. Active im-
munotherapy targeting murine LIF/LIFR demonstrated 
dual efficacy, suppressing CSC-driven tumorigenesis or 
attenuating established tumor progression compared to 
control cohorts in a syngeneic mouse model [17]. Two 
LIF/LIFR-targeted therapeutics—the humanized anti-
LIF monoclonal antibody MSC-1 and the first-in-class 
LIFR inhibitor EC359—are advancing through clinical 
development [18, 19]. This evidence suggests that the 
LIF/LIFR axis could be a promising target for cancer 
immunotherapy [20].

Identifying the antigenic and immunogenic regions of 
target proteins and designing chimeric vaccines are cru-
cial steps in formulating and advancing novel cancer im-
munotherapy strategies [21, 22]. Computational vaccine 

design pipelines that integrate predicted antigen struc-
tures reduce preclinical development costs and acceler-
ate lead candidate selection compared with conventional 
approaches [23, 24].

This study aimed to predict the linear and conforma-
tional B-cell epitopes present within the sequences of 
LIF and LIFR, enabling the identification of the most im-
munogenic regions for the design of a multivalent vac-
cine linked by flexible linkers. Targeting these antigens 
involved in the LIF/LIFR signaling pathways represents 
a novel strategy with the potential to inhibit signaling 
associated with stemness, drug resistance, and metas-
tasis. Binding site prediction was employed to identify 
conserved functional domains in LIF/LIFR, ensuring 
epitopes disrupt critical protein-protein interactions and 
enhance vaccine efficacy. At the same time, biological 
activity analyses linked epitopes to oncogenic signaling 
pathways, validating their potential to induce therapeutic 
immune responses.

Materials and Methods

Sequence data availability, BLAST, and conserved 
domain analysis

The LIF and LIFR protein sequences were obtained 
from NCBI and saved in FASTA format for further 
analysis. The LIF and LIFR sequences were used as que-
ries in a BLAST (Basic Local Alignment Search Tool) 
search against the non-redundant protein database. The 
same website was used to search for probable conserved 
domains within the query protein sequences. 

PDB search and sequences alignment 

The LIF and LIFR protein sequences were used as in-
put for PSI-BLAST searches against the PDB (Protein 
Data Bank) to identify homologous structures. A protein 
BLAST search was also performed against the RefSeq 
Select proteins database using the BLOSUM80 matrix 
to identify homologous sequences. The RefSeq Select 
database contains representative NCBI RefSeq protein 
sequences from human, mouse, and prokaryotes, includ-
ing one representative protein per protein-coding gene 
for human and mouse, and RefSeq proteins annotated on 
reference and representative genomes for prokaryotes. 
The LIF and LIFR protein sequences with the highest 
total and maximum BLAST scores were aligned using 
COBALT (Constraint-based Multiple Alignment Tool) 
for precise homology analysis. COBALT performs mul-
tiple protein sequence alignments using conserved-do-
main and local-sequence-similarity information.
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Signal peptide prediction

The SignalP server was used to predict the presence 
and location of signal peptide cleavage sites in amino 
acid sequences from various organisms. This method 
uses a combination of artificial neural networks to pre-
dict both cleavage sites and the presence or absence of a 
signal peptide.

Homology modelling and structure assessment

SWISS-MODEL, a web-based integrated service, 
was used for homology modeling of the LIF and LIFR 
structures. Homology modeling with SWISS-MODEL 
involves 4 main steps: (i) identification of structural 
templates, (ii) alignment of the target sequence with 
the template structure(s), (iii) model building, and (iv) 
model quality evaluation. These steps require special-
ized software and integrate up-to-date protein sequence 
and structure databases. The process can be iterative, re-
peating these steps until a satisfactory modeling result 
is achieved. The structure assessment service within 
SWISS-MODEL integrates various tools and annota-
tions with sequence and structure viewers to simplify the 
exploration of quality and structural features of macro-
molecular models. Assessment can be performed inde-
pendently or in comparison to a reference structure. 

Biological function annotation

COFACTOR is a method for annotating the biological 
function of proteins. It uses a combination of structural, 
sequence, and protein-protein interaction (PPI) data. 
Given a 3D protein structure, COFACTOR searches the 
BioLiP database to identify functional sites and homo-
logs. This process allows COFACTOR to infer func-
tional information, including gene ontology (GO) terms, 
enzyme commission (EC) numbers, and ligand-binding 
sites. GO term predictions are further refined using se-
quence and profile alignments from UniProt-GOA, and 
PPI data from STRING.

Pockets, interfaces, and ligand binding site pre-
diction

Mathematical morphology is employed by GHECOM 
(Grid-based HECOMi Finder) to identify pockets on 
protein surfaces, regardless of their size.

We used InterProSurf, which predicts functional sites 
on protein surfaces using patch analysis.

Ligand binding site predictions for LIF and LIFR were 
performed using the eF-seek web server. Since a pro-
tein’s three-dimensional structure dictates its function, 
structural similarities can indicate functional relation-
ships. Interactions with ligands are frequently the first 
step in molecular function (MF). Given a PDB file, eF-
seek employs a proprietary algorithm, based on clique 
detection, to search the eF-site database for comparable 
binding sites.

Single-scale amino acid properties assay

The BcePred server with 58.7% accuracy was used 
to predict potential antigenic regions in LIF and LIFR 
sequences. BcePred uses individual or combined physi-
cochemical properties (hydrophilicity, flexibility, mobil-
ity, accessibility, polarity, exposed surface, and turns) to 
identify B-cell epitopes. The Immune Epitope Database 
(IEDB) server similarly uses properties like hydrophilic-
ity, flexibility, accessibility, turns, and antigenic propen-
sity, reflecting a broader effort to predict B-cell epitopes 
from protein sequence characteristics.

Epitope mapping

Several tools were used to predict B-cell epitopes. 
BepiPred identifies linear epitopes using a hidden Mar-
kov model and propensity scale method. SVMTriP pre-
dicts antigenic epitopes using a support vector machine 
(SVM) that combines tri-peptide similarity and propen-
sity scores, validated with a leave-one-out test. ElliPro 
predicts both linear and discontinuous antibody epitopes. 
DiscoTope focuses on discontinuous B-cell epitopes, us-
ing surface accessibility calculations and a novel epitope 
propensity score that combines spatial proximity and 
contact numbers. T cell epitopes were also computed us-
ing the MHC I and MHC II binding peptide prediction 
tools available at IEDB. T cell epitopes were predicted 
using the IEDB-recommended method, and an HLA al-
lele reference set was selected; epitopes with percentile 
rank <2 were selected. A rank of ≤2% is often considered 
a strong binder, while ranks >10% are considered weak 
or non-binders.

Immunogenic regions selection

Vaccine candidates were selected based on regions 
with high concentrations of both linear and conforma-
tional epitopes, further qualified by single-scale amino 
acid property assays. Region selection also considered 
factors like predicted antigenicity probability, average 
physicochemical properties, and isoelectric point (pI). 
Two regions were selected as promising antigenic can-
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didates, and further analyses were conducted to validate 
the selection. These analyses included predicting anti-
genicity probability using VaxiJen, calculating average 
physicochemical properties via the IEDB server, and 
determining properties like molecular weight, theoreti-
cal pI, amino acid composition, charge, instability index, 
and aliphatic index using ProtParam. These analyses 
were also performed on the full LIF and LIFR sequences 
for comparison with the selected regions.

Final conjugate vaccine design

A flexible linker (GGGGS) was used to connect the 
selected regions. This linker was chosen to enhance the 
folding and stability of the fusion proteins, promoting 
correct orientation and minimizing interference with the 
folding of individual protein domains. The Phyre2 server 
predicted the 3D structures of both the selected regions 
and the conjugate vaccine.

Results

Sequence data, BLAST searching, and conserved 
domain analysis

Protein sequences for LIF and LIFR, with accession 
numbers NP_002300.1 and NP_001351226.1, respec-
tively, were retrieved from the NCBI RefSeq database.

A BLAST search matched the query sequences to many 
others, some from species besides homo sapience. Anal-
ysis identified several likely conserved domains within 
these sequences. The LIF sequence (residues 34-191) 
primarily aligns with the LIF and Oncostatin M (OSM) 
superfamily. Within the LIFR sequence, a LIF receptor 
D2 domain and three fibronectin type III domains were 
found. Fibronectin type III domains are repeating units 
within the fibronectin protein. The tenth of these repeats 
features an RGD sequence, a crucial cell-recognition 
motif, located in a flexible region. This domain type is 
common, occurring in about 2% of animal proteins, in-
cluding various cell-surface receptors and adhesion mol-
ecules, as well as some bacterial enzymes.

The D2 domain resides in cytokine-binding module 1 
(CBM1) of LIFR and OSMR. The extracellular portion 
of LIFR is modular, containing two CBMs, an Ig-like 
domain, and three Fibronectin Type III domains near 
the cell membrane. The D2 domain in CBM1 resembles 
those in gp130 and IL-6R alpha, sharing key structural 
elements, such as the WSXWS motif, which acts as a 
switch for receptor activation. 

PDB search and sequence alignments

A BLAST search of the PDB returned several hits. The 
highest-scoring result, chosen as the template, included 
LIF (Chain C, 7N0A_C, Homo sapiens LIF, 100% iden-
tity, 89% query coverage) and LIFR (Chain B, 8D6A_B, 
Homo sapiens LIFR, 99.37% identity, 72% query cover-
age).

To analyze homology, 10 LIFR and 3 LIF protein se-
quences were selected from the RefSeq database based 
on their highest total and maximum scores. Multiple 
sequence alignment was performed using COBALT, a 
progressive alignment tool. COBALT leverages pair-
wise constraints from conserved-domain databases (via 
RPS-BLAST), protein motif databases (via BLASTP), 
and local sequence similarity (via PHI-BLAST). CO-
BALT accelerates computation by clustering sequences 
with numerous shared words, then identifying conserved 
domains and motifs for only one representative sequence 
per cluster. Figure 1 illustrates the alignment results, 
using a color scheme to represent conservation. This 
scheme, based on relative entropy, highlights amino acid 
conservation: red for high conservation and blue for low 
conservation. Only gap-free positions are colored.

Signal peptide prediction, homology modeling, 
and structural assessment

SignalP server predicts a cleavage site between posi-
tions 44 and 45 (probability: 0.5110) in LIFR and be-
tween positions 22 and 23 (probability: 0.8823) in LIF, 
based on a combination of several artificial neural net-
works.

SWISS-MODEL generated four models for LIFR and 
two for LIF. The best model for each was selected for 
further analysis. The optimal LIFR model exhibited a 
GMQE (Global Model Quality Estimate) of 0.58 and a 
QMEANDisCo Global score of 0.76±0.05. For LIF, the 
best model had a GMQE of 0.74 and a QMEANDisCo 
Global score of 0.76±0.06 (Figure 2).

GMQE combines properties of the target-template 
alignment and template structure to estimate model 
quality. The QMEANDisCo Global score represents the 
average per-residue score from the QMEANDisCo scor-
ing function, a composite score for single-model quality 
estimation. QMEANDisCo incorporates single-model 
scores and a consensus component, leveraging informa-
tion from homologous, experimentally determined pro-
tein structures. Figure 2, the “local quality” plot, displays 
the expected similarity to the native structure (y-axis) for 
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each residue in the model (x-axis). Residues with scores 
below 0.6 are generally considered low quality. Figure 3 
presents the Ramachandran plots of the predicted mod-
els. A Ramachandran plot visualizes energetically favor-
able regions for backbone dihedral angles (ψ against φ) 
of amino acid residues in a protein structure.

Biological function annotation

COFACTOR analysis revealed ligand binding sites in-
volving conserved residues in both LIF and LIFR (Fig-
ure 4). Specifically, residues 41, 47, 50, 51, 54, 142, 146, 
149, and 150 of LIF exhibited a high binding site similar-
ity score (BS-score=1.88), as did residues 445, 446, 447, 

and 497 of LIFR (BS-score=1.73). A BS-score above 1 
suggests a significant local match between the predicted 
and template binding sites. Predicted GO terms for these 
proteins, categorized by MF, BP, and cellular component 
(CC), are detailed in Table 1.

Detection of pockets, interfaces, and ligand bind-
ing sites

GHECOM utilizes mathematical morphology to iden-
tify 5 pockets on the surfaces of LIF and LIFR. For each 
residue, GHECOM calculates a “pockets score” using 
the formula:

Figure 1. Illustration of alignment results with conservation color scheme in LIF (top) and LIFR (bottom)

Figure 2. SWISS-MODEL predictions 

a) LIF (left) and LIFR (right) 3D structure based on confidence color scheme (residues are colored by their local quality 
value), b) The “local quality” plot for each model residue (x-axis) shows the expected similarity to the native structure 
(y-axis)
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This score reflects pocket depth and size; deeper, larger 
pockets yield higher values. Results indicate that pockets 
associated with small-molecule binding sites and active 
sites exhibit scores above the average, with active sites 
demonstrating significantly higher values. These find-
ings suggest that pocket analysis can aid in predicting 
binding and active sites from protein structures. A three-
dimensional visualization of GHECOM-predicted pock-
ets, colored by “pocketness,” is presented in Figure 5.

InterProScan analysis reveals functional sites on the 
protein’s surface. Specifically, residues 107, 166, 167, 
168, 169, 28, 30, 114, 117, and 118 are identified as the 
most significant functional sites in the LIF protein, while 
residues 146, 148, 151, 207, 209, 210, 211, 212, 214, 
244, 246, 432, and 517 are highlighted in the LIFR struc-

ture. These predicted functional residues on the protein 
structures’ surfaces, as determined by InterProSurf, are 
visualized in Figure 6.

eF-seek analysis predicts potential binding sites (PBS) 
on protein surfaces by identifying residues or atoms near 
known ligand-binding regions. For LIFR, the predicted 
PBS with the highest score (0.76888) is located at resi-
dues C:573, 581-587, 593-597. The predicted PBS for 
LIF with the highest score (0.60694) are located at B:85-
95, 190, 193, 194, 197, 200. These predictions are visu-
alized in Figure 7.

Figure 3. Ramachandran plot of predicted models for LIF (left) and LIFR (right)

Figure 4. Ligand binding sites determined using COFACTOR for LIF (left) and LIFR (right)

 Ghanei Z & Sefid F

Res Mol Med, 2025; 13(3):189-202

http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


195

Single-scale amino acid properties assay

IEDB and BcePred analyses predict several properties 
of the protein sequence, including hydrophilicity, acces-
sibility, antigenicity, flexibility, and beta-turn secondary 
structure. While single-scale amino acid properties were 
detectable across the entire sequence length, the most 
prominent regions with higher probability were located 
at positions 60–100 in LIF and 690-788 in LIFR.

Epitope mapping

Linear B-cell epitope prediction reveals distinct patterns in 
LIF and LIFR. BepiPred analysis indicates a concentration 
of LIFR epitopes within the 700-744 region, while LIF epit-
opes are more prominent in the 18-43 region. A high density 
of linear epitopes is also observed in LIF between positions 
70 and 101. SVMtrip identified 10 linear B-cell epitopes 
in LIF and 2 in LIFR, based on their respective scores. 
The top-ranked epitopes were “ANGTEKAKLVELYRIV-
VYLG” (LIF, positions 94–113) and “GYQLLRSMIGY-
IEELAPIVA” (LIFR, positions 708–727). ElliPro predicted 

Table 1. Predicted GO terms including MF, BP, and CC

Variables Leukemia Inhibitory Factor Leukemia Inhibitory Factor 
Receptor

MF

GO term GO:0005146 GO:0004872

CscoreGO 1.00 0.74

Name Leukemia inhibitory factor receptor 
binding Receptor activity

BP

GO term GO:2000026 GO:0065007

CscoreGO 1.00 0.90

Name Regulation of multicellular organis-
mal development Biological regulation

CC

GO term GO:0044464 GO:0044464

CscoreGO 0.87 0.91

Name Cell part Cell part

Figure 5. 3D Leukemia inhibitory factoriew of pockets predicted by the GHECOM server based on pocketness color in LIF 
(left) and LIFR (right)
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7 linear and 4 discontinuous B-cell epitopes for LIF, and 
17 linear and seven discontinuous epitopes for LIFR. The 
highest-ranked linear epitopes were “DTSGKDVFQ” (LIF, 
positions 171-179) and the longer sequence “FLRGYLFY-
FGKGERDTSKMRVLESGRSDIKVKNITDISQKTLRI-
ADLQGKTSYHLVLRAYTDGGVGPEKSMYVVTKE” 
(LIFR, positions 755-831). Figure 8 illustrates the best 
discontinuous and linear epitopes, highlighting their protru-
sion index (PI). DiscoTope predicted discontinuous B-cell 
epitopes, including residues 172-176 in LIF and a more 

extensive set of residues in LIFR: 162, 167, 193, 195-198, 
473-476, 536, 560-565, 567, 590, 629, and 768-774.

T-cell epitopes were predicted using MHC binding tools 
available in the immune epitope database (IEDB). The 
MHC I binding server identified a significant number of 
epitopes in both LIF and LIFR proteins. Similarly, MHC II 
binding analysis predicted numerous epitopes in both pro-
teins. The results, summarized in Table 2, highlight a subset 
of peptides with percentile ranks <1, indicating strong bind-
ing affinity.

Figure 6. Interprosurf protein-protein interaction prediction and residues predicted by auto patch analysis in LIF (left) and 
LIFR (right)

Figure 7. eF-seek predictions
a) The complex structure of the results is shown for LIF (left) and LIFR (right), b) The density plots are illustrated above.
Note: Dots in the upper right regions indicate “significantly” similar binding sites, and the lower left region indicates the 
non-similar binding sites. The points above the line in the density plot indicate the “significant” match, with the higher score 
highlighted in blue.
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Immunogenic regions selection

Regions exhibiting dense clusters of both linear and 
conformational epitopes represent potential vaccine can-
didates. These regions require further characterization 
using single-scale amino acid property analysis.

Based on epitope mapping, two regions were selected 
as vaccine candidates: Residues 70-100 of LIF and 700-
780 of LIFR. Several properties of these candidates were 
compared to their respective parent proteins, including 
VaxiJen antigenicity score, protrusion index (PI), in-
stability index, solubility, hydrophilicity, accessibility, 
flexibility, and secondary structure. Table 3 summarizes 
the average physicochemical properties of the selected 
regions (calculated using the IEDB server), along with 
ProtParam-derived properties, including molecular 
weight and theoretical PI, for both candidates and their 
parent proteins.

Further Scrutiny

A flexible (GGGGS)3 linker was employed to connect 
2 regions of our vaccine candidates (Figure 9), as this 
linker has demonstrated improved folding and stability in 
fusion proteins. The resulting chimeric vaccine achieved 
a VaxiJen score of 0.9737, surpassing the scores of the in-
dividual regions. Key characteristics of the final vaccine, 
such as the VaxiJen score, physicochemical properties, 
amino acid count, and molecular weight, are detailed in 
Table 2. The conservation profiles of the predicted epit-
opes were analyzed, confirming their specificity for LIF/
LIFR and minimal conservation across unrelated human 
proteins, thereby ensuring vaccine safety.

Figure 8. Linear (upper) and discontinuous (lower) epitopes with the highest PI in LIF (left) and LIFR (right)
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Discussion

Aberrant LIF/LIFR signaling is a hallmark of aggres-
sive malignancies, driving tumor stemness, metastasis, 
and therapy resistance [25-27]. The development of a 
chimeric vaccine targeting LIF/LIFR represents a novel 

immunotherapeutic strategy to counteract tumor sur-
vival and immune evasion mechanisms driven by aber-
rant LIF/LIFR signaling. This study leverages advanced 
computational methodologies to design a structurally 
stable and immunogenic multi-epitope construct. The 
study’s strength lies in its multifaceted computational 

Table 2. Prediction of T cell epitopes by the IEDB server

MHC I/II Binding 
Peptide Protein Allele Position Peptide Percentile Rank

MHC I binding epi-
topes

LIF

HLA-B*08:01 75-83 TEKAKLVEL 0.538494

HLA-A*01:01 36-44 SANALFILY 0.558077

HLA-B*44:03 81-89 VELYRIVVY 0.744457

LIFR

HLA-A*03:01 735-743 TSADSILVK 0.613162

HLA-A*02:01 126-134 TLNEQNVSL 0.940818

HLA-A*02:01 714-722 SMIGYIEEL 0.964418

MHC I binding epi-
topes

LIF

HLA-DRB3*02:02 87-101 TDFPPFHANGTEKAK 0.04

HLA-DRB1*03:01 115-129 SLGNITRDQKILNPS 0.07

HLA-DRB1*15:01 83-97 GPNVTDFPPFHANGT 0.52

LIFR

HLA-DRB3*01:01 864-878 WIKETFYPDIPNPEN 0.16

HLA-DRB3*01:01 591-605 QHKAEIRLDKNDYII 0.16

HLA-DRB3*01:01 866-880 KETFYPDIPNPENCK 0.17

Table 3. Physicochemical properties of the average of the selected regions compared to their parent protein

Variables Conjugate Vaccine
LIF LIFR

Full Length Vaccine Candidate Full Length Vaccine Candidate

VaxiJen score 0.9737 0.4348 0.5536 0.6330 0.8593

Hydrophilicity 2.797 0.768 1.713 1.432 2.416

Antigenicity 1.091 1.061 1.018 1.027 1.042

Flexibility 1.041 0.986 1.018 1.002 1.025

Accessibility 1.000 1.000 1.000 1.000 1.000

Beta-Turn 1.123 0.990 1.152 1.006 1.013

Linear epitope 2.0 0.559 0.481 0.485 0.511 0.541

Linear epitope 1.0 0.759 0.236 0.962 0.061 0.258

Molecular weight 11669.96 22007.74 3156.43 88604.49 7457.51

Theoretical PI 8.75 9.44 4.31 6.22 9.57
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approach to vaccine design. The utilization of homol-
ogy modeling, fold recognition, and ab initio methods 
to determine the 3D structure of the chimeric vaccine 
construct is crucial. Accurate structural prediction is 
essential for understanding the protein’s biochemical 
properties, identifying potential immunogenic epitopes, 
and predicting its interaction with the immune system 
[28-31]. The integration of bioinformatics pipelines for 
characterizing biochemical properties and functional do-
mains further strengthens the analysis.

Epitope density is known to correlate directly with an-
tigenicity and immunogenicity. The inclusion of B cell 
and T cell epitopes ensures a comprehensive immune ac-
tivation, which is crucial for targeting tumors that often 
employ multiple mechanisms to evade immune detec-
tion [32, 33]. While discontinuous B cell epitopes are 
more common, experimental studies often prioritize the 
identification of linear B cell epitopes. This approach is 
further justified by the established relationship between 
epitope density and epitope-specific humoral immune 
responses [34, 35]. The identification of B cell and T 
cell epitopes within LIF (amino acids 70-100) and LIFR 
(amino acids 700-780) with high antigenicity and a Vaxi-
Jen score of 0.9737 is a significant finding. This score, 
combined with the multi-epitope construct, suggests that 
the vaccine could effectively stimulate both humoral and 
cellular immune responses [36]. The selection of these 
epitopes reflects a rational strategy to target key regions 
of LIF/LIFR involved in oncogenic signaling. Flexible 
linkers in fusion proteins enhance synthesis efficiency, 
biological activity, overexpression yield, and pharma-
cokinetic profiles. By integrating active site prediction 
and biological activity analyses, this study bridges epit-
ope prediction with therapeutic outcomes, aligning with 
advancements in neoantigen vaccine design targeting 
driver mutations. The structural flexibility of these link-
ers, often composed of small, hydrophilic amino acids 
like glycine and serine, facilitates inter-domain inter-
actions and movements [37-39]. The engineering of a 
multi-epitope construct using flexible GGGGS linkers 
is a common and effective strategy in vaccine design. 
GGGGS linkers are known to enhance immunogenicity 
and structural stability by facilitating proper folding and 
presentation of epitopes to the immune system [40, 41]. 
This design element is crucial for maximizing the vac-
cine’s potential to elicit a robust and targeted immune 
response. While the computational design is promis-
ing, it is essential to acknowledge the limitations of in 
silico studies. The vaccine’s predicted efficacy needs to 
be validated through in vitro and in vivo experiments. 
Further research should focus on evaluating the vac-
cine’s ability to induce a strong and durable anti-tumor 

immune response in preclinical models. The assessment 
of potential off-target effects and the optimization of the 
vaccine delivery system are also critical steps in translat-
ing this computational design into a viable cancer im-
munotherapy.

Conclusion

The computational design of a chimeric vaccine tar-
geting LIF and LIFR represents a significant advance-
ment in cancer immunotherapy. By disrupting oncogenic 
signaling and eliciting tumor-specific immunity, this 
vaccine holds promise as a novel therapeutic strategy. 
However, its success will depend on rigorous in vivo 
validation and further optimization. This study exempli-
fies the potential of computational biology to drive in-
novation in cancer treatment and underscores the impor-
tance of targeting key molecular pathways in oncology.
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