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INTRODUCTION

Endometriosis features the presence of stroma and endome-
trial cells outside the uterine cavity, with a higher frequency 
within the pelvic compartment but may spread to other tis-
sues and organs [1]. The endometriosis is a chronic, inflamma-
tory condition, associated with chronic pelvic pain, infertility, 
dysmenorrhea and dyspareunia. The pathogenesis of endo-
metrioses is not fully understood, evidence indicates that the 

disease is possibly associated with changes in the immunity, 
retrograde menstruation, metastatic spread and coelomic 
metaplasia. In addition genetic and environmental factors are 
also associated with onset and development of the disease 
[2].

Endometriosis may be detected in the ovaries, extensive ad-
hesions obliterating the anterior or posterior cul-de-sacs, the 
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broad ligament and uterosacral ligaments. Although endo-
metriosis can be superficial, invading only the peritoneum, in 
some cases the disease can be invasive. Patients with invasive 
endometriosis often show endometriomas within the ovaries 
and deep lesions that invade into bladder and bowel. It is rare-
ly detected in the brain, liver and lung. This clinical picture is 
associated with more advanced stages of the disease [3].  

This disease is driven by estrogen, affecting mainly reproduc-
tive age women between 25-35 years and decrease in women 
undergoing menopause due to the fact that the appearance 
of the lesions is dependent on hormones produced by the 
ovary [3]. Interestingly, several studies have demonstrated the 
emergence of invasive endometriosis in adolescents [4]. 

Formerly, the gold-standard of the diagnosis was by surgical 
identification usually by laparoscopy [3].  However, in many 
cases women of reproductive age do not undergo surgical 
procedure and the use of drugs that delay the development 
of the disease and reduce pelvic pain are indicated [5].  Non-
invasive methods such as imaging tests have been recently 
used for the diagnosis of endometriosis [6]. The gynecologic 
bimanual examination and the intravaginal ultrasound are 
able to detect rectovaginal plaques, deep nodules and ovar-
ian endometriomas with efficiency [7].  

The treatment of this disease traditionally employs the use 
of hormones to alter its concentration in the patient causing 
a hypestrogenic state, being common the appearance of side 
effects. The endometriomas can be removed by laser or elec-
trocautery when surgical methods do not work and the dis-
ease has progressed. Other methods, such as hysterectomy or 
bilateral oophorectomy, are performed. The latter method is 
not usually employed in women in the reproductive age, since 
hormones are important for processes such as maintaining 
vaginal mucosa, bone density and sexual drive [3].

Therapy employs non-steroidal anti-inflammatory drugs, be-
ing the first line of treatment of symptoms. They inhibit the 
production of prostaglandin, repressing the COX enzyme in-
volved in arachidonic pathway leading to a decrease in pel-
vic-pain [8], another form of treatment include progesterone 
therapy, levonorgestrel, contraceptive injection with depo-
provera, gonadotropin-releasing hormone agonists which acts 
by inducing an increase in the production of the luteinising 
hormone (LH) and follicle-stimulating hormone (FSH) and da-
nazol [3].

Several works has showed that gene polymorphisms might 
associated with the development of endometrioses. CYP1A1 
polymorphisms, for example, associated with increased risk of 
endometrioses specifically in Asia [9]. Meta-analyzes revealed 
that the rs7521902 SNP (single nucleotide polymorphism) of 

the gene WNT4 is associated with more severe cases of the 
disease [10] this gene plays a decisive role during the embry-
onic development of the female genital tract [11]. Therefore, 
the variant of this gene may favor the development of endo-
metriosis by abnormal growth of female genital tissue [10].

Mutation of genes are also associated with infertility in the 
endometriosis, analysis of the AMH gene revealed that a SNP 
within its sequence is associated with infertility in endometri-
osis. AMH codes for a glycoprotein that inhibits the develop-
ment of the female reproductive tract, or the Müller ducts in 
the male embryo, blocking the development of the fallopian 
tubes, uterus, and upper vagina, [12].  Other polymorphic 
genes are also associated with an increased risk of developing 
endometriosis such as such as IL-16 [13], interleukin 12B [14], 
Arylamine N-acetyltransferase 2 (NAT2) [15], CYP1A1 [16,17], 
p53 [17-19], eNOS [18].

Although endometriosis is a multifactorial disease and its 
treatment most often involves the use of invasive methods, 
some strategies have been developed to improve the diagno-
sis and treatment of the disease; in this sense some studies 
have employed the use of peptides as drug for the treatment 
and molecular markers for the diagnosis [16-19] of the dis-
ease. Linzh and colleagues, 2018 employing the phage display 
technology described a peptide with high affinity to bind to 
ectopic endometrium cells, possibly the use of this peptide 
may favor treatment and prognosis of endometriosis [20].

MATERIALS AND METHODS

The protein 3-D structures used in the analysis are available 
in the PDB (protein databank; https://www.rcsb.org/). The 
KBDOCK server was used to identify protein domains and in-
teraction between protein domains [21]. The protein-protein 
docking was performed by the Gramm-X [22, 23] server. Brief-
ly, the protein-protein docking is based on thermodynamics 
in order to find the best conformational structure at the mini-
mum free energy, which would reflect the most probable PPI 
(protein-protein interaction) binding complex. 

The free version of PyMol (https://pymol.org) was used for the 
visualization of the interface of interaction, the visualization of 
hot spots and polymorphic residues. Hot spots residues were 
identified by the KFC2 server. KFC2 evaluates biochemical en-
vironment around each residue in the complex structure and 
compares with known hot spots already determined experi-
mentally. The prediction is based on two main parameters, 
the first one related to a conformation specificity (K-FADE) and 
the second to biochemical features (K-CON) [24, 25]. Finally, 
the polymorphic residues were identified through the dbSNP 
(data base of single nucleotide polymorphism; https://www.
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ncbi.nlm.nih.gov/SNP).

RESULTS AND DISCUSSION

TFF3 interacts with PAR-2 receptors and regulate inflamma-
tion processes

The amino acid sequence of the protein TFF3 was retrieved 
from the National Center for Biotechnology Information 
(NCBI) in order to evaluate possible conserved domains. TFF3 
contains a cysteine-rich domain of 45 amino acid residues 
where six cysteines are linked by three disulphide bonds [26-
29]. The domain enables the protein to be active and to inter-
act with protein partners. The name of the protein is related 
to the TFF domain, which comprises three loop regions, the 
so-called trefoil region [29, 30]. TFF3 is expressed in several 
tissues. The protein has a role in cell growth, cell differentia-
tion and tissue recovery as mucosal wound healing [31, 32]. 
This protein is upregulated in several types of cancers [33,34], 
including endometrial cancer [35, 36], gastroadenocarcinoma 
[37]. TFF3 is involved in inflammatory-related processes and 
immune response [38]. As mentioned before, endometriosis 
is an estrogen-dependent disease featured by intensive in-
flammatory processes, TFF3 might have a role in endometrial 
tissue remodeling in women at reproductive age. It has been 
shown that endometriosis patients has higher levels of TFF3 
in the peritoneal fluid [38]. The TFF3 activity is guaranteed by 
its conformational structure and PPIs. Alterations within the 
TFF3 gene coding region may interfere with its functions and 
protein-interaction patterns in a way that it could lead to an 
increased susceptibility to endometriosis.

TFF3 interacts with and regulates the protease activated re-
ceptor 2 (PAR-2) activation in human tissues [39] (Figure 1). 
PAR-2 is related to inflammatory responses, overweight [40], 
metabolism [41] and respond to proteolytic enzymes from mi-
croorganisms [42]. Figure 2 shows amino acid residues that 
contribute to the interaction between TFF3 and PAR-2. All 
residues displayed are separated from the binding protein by 
no more than 4Å. Figure 3 shows a different view of the inter-
action, highlighting the interface of interaction between TFF3 

and PAR-2. 

Overexpression of TFF3 contributes to the malignant progres-
sion in cancer cells [43]. Similar process occur in endometrio-
sis, since TFF3 is able to stimulate the invasion of endometrial 
cells in tissues away from the uterine cavity by activating the 
signaling pathways. Several PAR-2 and TFF3 agonist peptides 
have been shown to downregulate TFF3 expression, which 
could be used as an alternative therapeutic method to reduce 
endometriosis lesions, inflammation and pain.

Figure 1: Model for the interaction between TFF3 and PAR-2. The illustra-
tion shows the most energetically favorable mode of interaction of TFF3 

(blue) and PAR-2 (orange).

 

Figure 2: Amino acid residues involved in TFF3-PAR-2 interac-
tion. The TFF3 amino acids represented here (blue chain) are 
less than 4Å away than PAR-2 (orange chain) and contribute 
significantly to the conformational structure of the protein 
complex.

Figure 3: TFF3-PAR-2 interface of interaction. The figure highlights the in-
terface of interaction between TFF3 and PAR-2. The interaction is impor-
tant for the regulation of cytokine levels in normal conditions. Endome-
triosis patients show overexpression of TFF3 and consequently increased 
inflammation processes. The inhibition of the TFF3-PAR-2 interaction 
may reduce TFF3 activity, inflammation and pain.

Identification of hot spot residues on the interface of interac-
tion between TFF3 and PAR-2

Hot spots are amino acid residues accounting for a significant 
amount of the binding free-energy between interacting pro-
teins [44]. They maintain the energetic stability of the protein 
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complex, thus they are related to specific functions performed 
by the protein or protein complex [45]. Hot spots regions are 
determined by mutagenesis experiments. Bioinformatic analy-
ses rely on these experimental data and predict hot spots with 
high accuracy [24,25]. We found 16 hot spots on the interface 
of interaction between TFF3 and PAR-2 (data not shown). The 
most energetically favorable hot spots amino acids are repre-
sented in figure 4. Among those residues, nine were on TFF3 
surface and 7 on the PAR-2 surface. These amino acid resi-
dues are highly conserved among species even though there 
may be certain variation among the human population. This 
genetic variation may result in a higher susceptibility to endo-
metriosis development showed by certain patients.

Figure 4: Hot spots residues on TFF3 surface. Certain residues contribute 
to the conformation state of the TFF3-PAR-2 complex, they are called hot 
spots (red). Genetic variation affecting hot spot residues may interfere 
with the activity of proteins and cause variations in the normal concen-
tration of such proteins in cells leading to disease susceptibility. Orange 

– PAR-2; Blue – TFF3.

We found four polymorphic residues out of nine hot spots res-
idues on the TFF3 surface (Table 1). These SNPs might reflect 
an increased susceptibility to endometriosis due to alteration 
in the conformational structure of the protein, alteration of 
the interaction partners and consequently anomaly protein 
activity [46]. It is possibly that polymorphic amino acid resi-
dues alter the ability of the protein to control inflammation 
and the invasion of endometrial cells into other tissues. More-
over, SNPs in hot spot residues may also be related to overex-
pression of TFF3 in patients with endometriosis.

Table 1: Hot spot residues on the interface of interaction between TFF3 

and PAR-2.

Residue Non-synonymous polymorphism

GLU      2 -

SER      7  PHE

ALA      8 -

ASN      9 ASP

CYS     11 ARG

ASN     32 SER, LYS

CYS     37 -

LEU     52 -

ALA     55 -

Structure-based design of TFF3-PAR2 inhibitor peptides as 
an alternative method for endometriosis treatment

Targeting TFF3 overexpression using structure-based peptide 
inhibitor may provide a potential therapeutic option for the 
treatment of endometriosis in the future. We designed sev-
eral peptides based on the interface of interaction between 
TFF3 and PAR-2. As discussed above, overexpression of TFF3 
is related to inflammation and adhesion of endometrial cells 
in ectopic tissues and organs. PAR-2 plays important roles 
regarding inflammation and regulating TFF3 levels. Several 
approaches have been tested and mostly the focus is the in-
hibition of TFF3 and PAR-2 interaction. We hypothesize that 
inhibiting TFF3 activity when this protein is overexpressed 
would also reduce inflammation, adhesion of endometrial 
cells and pain. Figure 5 show the most energetically favorable 
peptides biding to hot spot amino acid residues on the sur-
face of TFF3. The rational design of peptide is a promising ap-
proach for new options of endometriosis treatment, in a way 
that it could increase the quality of life of patients.

Figure 5: TFF3-PAR-2 structure-based inhibitor peptides. Peptides were 
designed based on the interface of interaction between TFF3 and PAR-2. 
Such peptides inhibit the interaction and the excessive activity of TFF3 

that is overexpressed in endometriosis patients.

CONCLUDING REMARKS

There is a very high number of women with chronic pelvic pain 
and infertility related to endometriosis. The disease brings 
high cost to health care systems worldwide. The present in sili-
co approach provide important insights to the development 
of more effective treatment options for endometriosis, which 
would improve quality of life of patients and increase repro-
ductive potential in women affected by the disease. Here, we 
identified hot spot residues on the interface of interaction be-
tween TFF3 and PAR-2, both proteins related to inflammation 
and immune system. Moreover, TFF3 is known to be overex-
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pressed in endometriosis and other diseases such as cancer. 
We designed structure-base peptides that intend to reduce 
the activity of TFF3 when this protein is overexpressed. The 
limitation of the present study relies on the fact that each 
peptide should be tested and validated; the procedures can 
be time consuming and expensive. We believe that inhibitor 
peptides could be a promising new approach of treatment for 
endometriosis in the future.
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