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Structural analysis and cytotoxic evaluation of kisspeptin10 and analogs 
in types of cancer
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Abstract: The Kisspeptin system is a peptidergic system that plays a crucial role in  regulating of reproduction and 
hormonal function. Kisspeptin is a peptide synthesized from the KiSS-1 gene and has been identified as the endogenous 
ligand of the kisspeptin receptor (KISS1R or GPR54 receptor). This system plays a key role in  activating sex hormone 
secretion and puberty. In addition to its function in the regulation of reproduction, the Kisspeptin system has been found 
to play a role in other physiological processes, such as the regulation of appetite, energy metabolism, cardiovascular 
function, and cancer. In this study, several Kisspeptin analogs with structural modifications were designed and synthesized. 
The Kisspeptin analogs were evaluated by in vitro cytotoxicity tests on cancer cells of different cancer types. Cell viability 
assays were performed, and the concentrations that inhibited cell growth by a significant percentage were determined. 
The results showed that certain Kisspeptin analogs exhibited increased selective cytotoxicity in cancer cells compared to 
healthy cells. In conclusion, this study demonstrates that structurally modified Kisspeptin analogs have the potential to be 
therapeutic agents against some types of cancer. Understanding the structure-activity relationship of these analogs and 
their evaluation of their selective toxicity on cancer cells will be of great importance.

Key words: Kisspeptins Analogs, GPR54, Cancer, Cytotoxicity, Molecular Docking, Structure-activity relationship, 
Anticancer therapy, Drug Design.
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Introduction
The Kiss1R receptor, or GPR54, was discovered and 

cloned from the rat brain in 19991. In humans, it was ma-
pped on chromosome 19p13.3, encoding a protein of 396 
amino acids (75 kDa)2,3. It is widely distributed throughout 
the central nervous system3 High levels of Kiss1R have 
been observed in the cerebral cortex, cerebellum, thala-
mus, and medulla3 Peripherally has been detected in the 
heart, skeletal muscle, kidney, liver, and placenta2-4 Kiss-
peptins (KPs), the physiological ligand for the Kiss1R re-
ceptor was identified by several groups in 20011,3,4. KPs are 
several structurally related amidated peptides derived from 
the differential proteolytic processing of a common precur-
sor of 145 amino acids encoded by the KISS1 gene. The 
Kiss1R activation leads to regulate the gonadotropin-relea-
sing hormone (GnRH) secretion5, leading to the regulation 
of luteinizing hormone (LH) and follicle-stimulating hormone 
(FSH) from the pituitary gland6-8.

Emerging evidence suggests that Kisspeptin plays a 
crucial role in the development of suppression of metas-
tasis. The metastatic suppressor activity of the kisspeptin 
system was first observed in melanoma9, where the low 
levels of KissR expression lead to increased metastasis 
risks. It has been shown that the role of the KP system is 
not only limited to this type of cancer but has expanded to 
other cancers as well. Martin et al.10, conclude that KP may 
be directly associated with the aggressiveness of breast 
cancer and may be pro-invasive in breast tumors. In pan-
creatic cancer, several authors11-13 suggest that the most 
damaging aspect of the disease can be predicted and, in 

some cases, prevented by the KP system, as they obser-
ved significant differences in the expression of KISS1 and 
Kiss1R in healthy and pancreatic cancer cells. Concerning 
ovarian and endometrial cancer, the KP system improves 
the prognosis of these patients due to its metastasis su-
ppressor activity14-16. Another interesting approach is in gas-
tric cancer, where high blood levels of kp54 in early-stage 
gastric cancer patients suggest a possibility that kp54 may 
function as a marker for diagnosis of this disease17, as well 
as overexpression of the KiSS-1 inhibits cell growth, pro-
liferation, and invasion in gastric carcinoma cells, proving 
the antimetastatic potential of kisspeptin17-19. Finally, in 
prostate cancer, KiSS-1 expression levels were significantly 
higher in benign prostate cells compared with primary and 
metastatic prostate cancer cells. Therefore, it is speculated 
that KiSS-1 may be used as an essential prostate cancer 
marker since it can be used to monitor the transformation of 
benign disease to malignancy20-22.

This paper will study the structure-activity relations-
hip of Kisspeptin-10 analogs and evaluate their cytotoxici-
ty, specifically in cancer cells. It seeks to understand how 
structural modifications in Kisspeptin-10 analogs may in-
fluence their antitumor activity and their ability to induce cell 
death in cancer cell lines. Through in vitro cytotoxicity tests, 
the viability and response of cancer cells to these analogs 
were evaluated, which will allow the identification of those 
with the most significant therapeutic potential.
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Materials and methods 

AlaScan with Molecular Docking
The 3D structure of the KissR receptor was predicted 

using AlphaFold2 of ColabFold23, and the quality of the 
best-predicted model was checked with ProSA-web online 
tool24. The design of the Kisspeptin peptide was expected 
with the PEP-FOLD3 online tool25, and the top model of the 
best cluster was selected as the initial model. The kisspep-
tin peptide was located in the outer membrane domain of 
the KissR receptor, and each residue of the peptide was 
mutated to Alanine by using the mutagenesis option of the 
Pymol tool26. In total, 11 molecular docking simulations were 
performed, i.e., one with the native peptide and one for each 
mutated residue. The molecular docking simulations were 
performed with the FlexPepDock server27, allowing the pep-
tide's flexibility during the simulations. The possible molecu-
lar interactions of the top 3 models for each docking simu-
lation were analyzed with Prodigy online tool28 and BIOVIA 
Discovery Studio Software29.

Synthesis and chemical characterization of peptides
Each KP10 analog (See Table 1.) was manually assem-

bled on 100 mg of Rink resin using the HBTU/HOBt acti-
vation protocol for Fmoc solid-phase peptide synthesis30. 
In summary, the N-terminal protecting group was removed 
with 20% piperidine. Previously, the amino acids were acti-
vated with HOBt/HBTU 0.45M, and couplings were carried 
out in the presence of DIPEA 1.2M and microwave irradia-
tion. The 1% TNBS test monitored the correct coupling and 
deprotection. Finally, the peptide was cleaved from the resin 
with 90%TFA, and Sep Pak C18 reverse phase columns 
purified peptides. The peptide identification was performed 
on a Bruker ultra extreme mass spectrometer with 40,000 
FWHM resolution, 1 ppm accuracy, 337 nm laser, and a 
mass range of 500 to 3000 Da in positive mode using SCiLs 
Lab for MS Imaging software. A supersaturated 2,5-dihy-
droxybenzoic acid (DHB) solution in ACN/H2O 30:70 with 
0.1% TFA was used as a matrix.

Cell Culture
The Universidad Industrial de Santander kindly donated 

Cervical Adenocarcinoma (HeLa) and Prostate Adenocarci-
noma (PC3) cells. HEK293T was provided by Biopetrolabs 
(ECACC 12022001, Culture Collection). HeLa and HEK293 
cells were grown in Dulbecco's Modified Eagle Medium 
(DMEM – Invitrogen) with 10% fetal bovine serum (FBS – 
Invitrogen), 100 U/ml penicillin and 100 mg streptomycin at 
37ºC in a humidified atmosphere (95% air and 5% CO2). 
PC3 cells were cultured in Roswell Park Memorial Institute 
(RPMI) medium with 10% fetal bovine serum (FBS – Invitro-
gen), 100 U/ml penicillin, and 100 mg streptomycin at 37ºC 
in a humidified atmosphere (95% air and 5% CO2).

Cytotoxicity MTT assay
In 96-well culture plates (Greiner, Fisher Scientific), 

15000 cells/well were seeded in a fully supplemented me-
dium according to the manufacturer protocol (Abcam) and 
kept at 37°C. After 24 hours, cells were serum starved and 
then stimulated with 10, 100, 250 and 500 nM KP10 and 
analogs for 48 hours. MTT solution (100 uL, 0.5 mg/ml) was 
added to each well, and the plate was incubated at 37°C for 
3h, followed by the addition of MTT solvent, then the plate 

for 15 minutes. The product was quantified by measuring 
absorbance at 590 nm using a microplate reader RT-2100C 
from BioTech. The data were analyzed with the GraphPad 
Prism 8.0 software.  

Results
Structure-activity relationship assessment of kisspep-

tin10 analogs and evaluation of cytotoxicity in cancers is 
an important research topic in pharmacology and oncology. 
Structure-activity relationship assessment is an approach 
used to understand how modifications in the chemical struc-
ture of a molecule affect its biological activity. In the case of 
kisspeptin10 analogs, we seek to determine how this mole-
cule's structure affects its ability to inhibit cancer cell growth.

Evaluating cytotoxicity in cancer types is another cru-
cial aspect of this research. Cytotoxicity refers to the ability 
of a substance to damage or destroy cells. In the context of 
cancer, cytotoxicity assessment involves determining whe-
ther kisspeptin10 analogs can selectively kill cancer cells 
without harming healthy cells.

Synthesis and chemical characterization of Kisspeptin 
10 analogs

Eleven kisspeptin10 analogs were initially synthesized, 
where the amino acid alanine substitution was performed 
for each amino acid present. This allowed us to perform a 
screening on the different properties provided by the side 
chain of the other amino acids and how they can contribute 
to the interaction with the receptor.

For all peptides, the molecular weight observed by MS 
analysis was consistent with the theoretical value (Table 2.)

Evaluation of structure-activity relationships through 
molecular docking

Evaluating the structure-activity of kisspeptin analogs 
by molecular docking has proven a powerful tool in phar-
macological research. Molecular docking is a computational 
method that predicts the interaction between a small mo-
lecule (ligand) and a macromolecule (receptor) at the mo-
lecular level. In the case of kisspeptin analogs, molecular 
docking is used to predict how these compounds bind and 
match their target receptor, providing information about their 
biological activity and potential as therapeutic agents.

Values such as the interface score, which indicates the 
sum of the energy of the interface residues between kiss-
peptin analogs and Kiss1R, help select those models with 
a more extensive interface of interaction, i.e., those models 
with a more negative value. Moreover, matters such as the 
predicted binding affinity ΔG, the dissociation constant (Kd), 
and the percentage of non-interacting surfaces (NIS) char-
ged and apolar also give valuable information about the 
critical strength between the two molecules in the comple-
xes. Hence, Table 3 shows the values obtained for the top 3 
models predicted by the FlexPepDock server. In the case of 
the interface score, the best deal was acquired by an Ala8-
KP10 model (–17.686). The best values were obtained by 
Ala1-KP10 and Ala3-KP10 models for the predicted binding 
affinity and the dissociation constant. Finally, the values of 
the non-interacting surfaces were very similar for all kiss-
peptin analogs.

Cytotoxicity Evaluation
All the peptides were subjected to toxicity assay via 
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Table 1. Sequences of peptides synthesized and used.

Table 2. Mass spectrometry data. mass-to-charge ratio (m/z) of the [M+H]+ ions of each synthesized peptide.
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concentration-response assays on cervix and prostate can-
cer cell lines. Among these peptides, Ala3-KP10 and Ala4-
KP10 demonstrated maximum efficacy against HeLa cells 
(cervix cancer) with IC50 values of 0.24 ± 0,08 and 0.35 ± 
0,08 nM, respectively (as presented in Table 4). Meanwhi-
le, the peptide Ala2-KP10 significantly affected HeLa cells 
with an IC50 of 3.7 ± 1,25 nM. Conversely, the analogs Ala5-
KP10 through Ala10-KP10 only exhibited cytotoxic activity at 
500 nM concentrations, limiting their viability under normal 
physiological conditions (See Figure 1.). The IC50 values for 
these analogs ranged between 0.27 to 0.41.

In the case of prostate cancer, it can be observed that 
analogs Ala5-KP10, Ala8-KP10, and Ala10-KP10 achieve 
high cytotoxicity (IC50 0,16 ± 0,08, 0,14 ± 0,05, 0,05 ± 0,02 
respectively). The other analogs show cytotoxicity only at 
the highest concentration (500 nM). The control of healthy 
cells was performed in HEK293 (human embryonal kidney) 
cells, where no traces of cytotoxicity were found with KP10 
or any of the tested peptides. 

Discussion
Cytotoxicity assays and molecular docking analyses of 

a series of kisspeptin analogs were performed to evalua-
te their potential as anticancer therapeutics. The results of 
the cytotoxicity assays indicate that several analogs have a 
significant effect on tumor cells, reducing their viability to a 
variable degree. In cervical cancer, it can be observed that 
analogs Ala2-KP10, Ala3-KP10, and Ala4-KP10 showed a hi-
gher cytotoxic response, which leads to an essential result 
in cancer research. Evidence indicates that Kisspeptin can 
increase cell proliferation and invasion of cervical cancer 
cells31. In addition, Kisspeptin and its receptor are overex-
pressed in cervical cancer cells31. This suggests that ana-
logs Ala2-KP10, Ala3-KP10, and Ala4-KP10 may behave an-
tagonistically at the Kiss1R receptor expressed on cervical 
cancer cells. In the docking analyses, analogs Ala3-KP10 
and Ala8-KP10 show a higher generation of hydrogen bonds 
than native Kisspeptin. Figure 4 and the following table illus-
trate the interactions observed between the respective ana-
logs and the KissR receptor for the best model.

A relevant direct Ala3-Trp12 interaction is observed in 
Ala3-KP10, which allows a possible formation of hydrogen 
bonds. Tryptophan molecules contain functional groups 
such as indole and amino groups, which can form hydrogen 
bonds with the carboxyl group of Alanine. This interaction 
can stabilize the three-dimensional structure of the proteins 

Table 3. Mass spectrome-
try data. mass-to-charge ratio 
(m/z) of the [M+H]+ ions of each 
synthesized peptide.
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in which they are found. In addition, Alanine and tryptophan 
can interact through dispersion forces, which are weak in-
teractions between non-polar atoms. These forces can con-
tribute to the stability of the protein structure. It is important 
to note that the interaction between Alanine and tryptophan 
can vary depending on their position in the amino acid se-
quence of a protein and the environment in which they are 
found. The unique properties of each amino acid can in-
fluence how they interact.

In Ala8-KP10, when it changed a leucine by Alanine, it is 
observed that the glycine in position 7 leads in the non-co-
valent interactions with the receptor. By changing Leu8 to 
Ala8, two relevant interactions between Gly7 with Arg187 and 
Tyr189 occur. The new peptide conformation allows a bet-
ter interaction between these amino acids. As for molecular 
docking analysis, several significant interactions between 
kisspeptin analogs and cell proliferation-associated proteins 
have been identified. In particular, it has been found that the 
analogs with the highest affinity for these proteins also have 

the most significant cytotoxic effect.
Other interesting interactions observed with KP10 and 

analogs and Kiss1R: Interaction between Asn2 of KP10 and 
Arg197: This interaction involves the formation of a hydro-
gen bond between the amino group of asparagine (Asn2) 
in the KP10 peptide and the carboxyl group of arginine 
(Arg197). This interaction may be necessary for stabilizing 
the peptide structure and binding to the Kiss1R receptor. 
Interaction between Trp3 of Ala8-KP10 and Trp12: Here, 
the tryptophan (Trp3) of KP10 interacts with glutamic acid 
(Trp12) via hydrogen bonds and possible hydrophobic in-
teractions. These interactions may be crucial for recogni-
tion and binding to the Kiss1R receptor. Interestingly, native 
Kisspeptin also contains a tryptophan at position 3, sug-
gesting a conservation of this interaction in KP10 analogs. 
Interaction between Ser5 of Ala4-KP10 and Glu200: The 
serine (Ser5) of Ala4-KP10 forms hydrogen bonds with glu-
tamic acid (Glu200). These interactions may be important in 
stabilizing the peptide conformation and promoting recep-

Figure 1. Viability of HeLa cells after stimulation with KP10 and analogs at concentrations of 10, 100, 250 and 500 nM. 
Viability was measured after 48 hours of incubation with the peptides.

Figure 2. Viability of PC3 cells after stimulation with KP10 and analogs at concentrations of 10, 100, 250 and 500 nM. 
Viability was measured after 48 hours of incubation with the peptides.

Structural analysis and cytotoxic evaluation of kisspeptin10 and analogs in types of cancer
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tor binding. In native Kisspeptin, the serine is also found at 
position 5, indicating the conservation of this interaction in 
KP10 analogs. Interaction between Arg9 of KP10 and Ser6: 
In this case, the arginine residue (Arg9) of KP10 interacts 
with the adjacent serine (Ser6). This interaction may play 
a role in stabilizing the peptide structure and binding to the 
Kiss1R receptor. This interaction in KP10 analogs suggests 
a conservation of the interaction between Arg9 and nearby 
residues in native Kisspeptin.

These differences in ligand-receptor chemical interac-
tions seen by molecular docking simulations do not allow 
us to deduce the behavior observed in cytotoxicity assays. 
High cytotoxicity can be observed in cervical cancer cells, 
medium cytotoxicity in prostate cancer cells, and none in 
healthy cells (Figure 3). We allude to these different respon-
ses between cervical and prostate cancer to the different 
cellular membranes each of these cells has; we believe that 
each cell's lipid composition and membrane components 
make the receptor act differently in each type of cancer stu-
died.

Discussion surrounding these results should focus on 
how these findings can be used to further the development 
of kisspeptin analogs as an anticancer therapy. There is a 
need to examine further the molecular interactions identi-
fied and to determine which specific features of the analogs 
result in the observed cytotoxicity. It is also essential to con-
sider the possibility that these analogs may affect normal 
cells in the body and how this might be mitigated in clinical 

use. In addition, it is essential to perform studies on the lipid 
composition of the membranes of different cells in different 
types of cancer. It may be relevant to observe the different 
responses that the kisspeptin system can provide. 

Conclusions
This study investigated the interactions between kiss-

peptin10 analogs and the Kiss1R receptor and the cytotoxic 
effects on cervical and prostate cancer cells. Our results de-
monstrate that kisspeptin10 analogs can interact success-
fully with the Kiss1R receptor, suggesting their potential 
as therapeutic tools in treating these cancers. Furthermo-
re, cytotoxicity assays revealed that kisspeptin10 analogs 
exhibited significant cytotoxic activity against cervical and 
prostate cancer cells. These findings further support the 
therapeutic potential of kisspeptin10 analogs and suggest 
their possible application in targeted cancer therapy. Impor-
tantly, further studies are required to fully understand these 
interactions' underlying mechanisms and evaluate the effi-
cacy and safety of kisspeptin10 analogs in vivo models and 
clinical trials. Nevertheless, our promising results suggest 
that kisspeptin10 analogs represent an exciting direction in 
searching for new cervical cancer therapies.

In conclusion, this study provides initial evidence of the 
interactions between kisspeptin10 analogs and the Kiss1R 
receptor and their cytotoxic activity in cervical and prostate 

Table 4. The IC50 values of KP10 and analogs on human cancer cell lines and a healthy cell line.
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Table 5. Chemical inte-
ractions between kiss-
peptin analogs and the 
Kiss1R receptor in the 
best model.

Structural analysis and cytotoxic evaluation of kisspeptin10 and analogs in types of cancer
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cancer cells. These findings support the need for future re-
search to fully explore the therapeutic potential of kisspep-
tin10 analogs in treating these cancers, providing renewed 
hope for improving patients' quality of life.
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