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SUMMARY
Trophoblastic and tumor cells share behav-

iors such as invasiveness, angiogenesis, immune 
scape, chemoresistance and survival to hostile en-
vironments, suggesting that some types of cancer 
could be a transformation to a trophoblastic phe-
notype. This hypothesis exposes that the expres-
sion of some trophoblastic markers can be cor-
related with tumor malignancy. The expression 
of trophoblastic markers (TBX3, TBX2, ERVW1, 
HLAG and Trop2) and tumor aggressiveness 
(MMP9, MMP2, VEGF and TGF-β) was evaluated by 
RT-pPCR in different tumor cell lines. Biotinidase 
activity was also studied. In addition, tumors were 
induced in chicken chorioallantoic membrane to 
analyze morphology, tumor area and clonogenic-
ity. Overexpression of two or more trophoblastic 
markers was identified in SF268, MG63, A549, 
HT29, HCT15 and Skbr3. The results correlated 
with aggressiveness and invasiveness in the in ovo 

assay. In addition, these tumor cell lines showed 
higher biotinidase activity so they can survive the 
lack of biotin cofactor. The overexpression of tro-
phoblastic markers was correlated with the pres-
ence of a malignant phenotype characterized by 
aggressiveness, invasiveness, clonogenicity and 
resistance to the lack of cofactors such as biotin. 
These markers could be used in the early diagno-
sis and prognosis of some types of cancer and in 
the development of new therapeutic strategies.
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INTRODUCTION
Malignant tumor cells and trophoblastic cells 

share common characteristics such as inva-
siveness, angiogenesis, immune scape, chemo-
resistance or survival to hostile environments 
(Carvajal et al., 2021). Beard J., as early as 1911, 
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hypothesized that some types of cancer could be 
a transformation to a trophoblastic phenotype 
(Moss, 2008), a theory that has been subsequent-
ly supported by other authors (Gonzalez and 
Isaacs, 2009). Currently, data continue to be con-
tributed that support the idea that physiological 
trophoblast-mediated placentation and cancer 
cell-mediated tumor expansion induce a similar 
process of proliferation, migration, and invasion 
with or without altered control systems (Carvajal 
et al., 2021).

The invasive behavior that develops during pla-
centation and tumor development (Holtan et al., 
2009) show that  both tumor and trophoblast cells 
are able to carry out epithelial-mesenchymal tran-
sition (EMT) with changes in the  expression pat-
tern of proteins (metalloprotease 2 and 9 -MMP-2 
and -9-,  integrins, E-cadherin and surviving) (Ad-
amska et al., 2017; Danen et al., 1995; Das et al., 
2022; Gualdoni et al., 2022; Lanteri et al., 1998) 
and growth factors (epidermal growth factor –
EGF-, vascular growth factor –VEGF-, hepatocyte 
growth factor, placental growth factor and insu-
lin-like growth factor) (Pollheimer et al., 2018; 
West et al., 2018). These factors activate the MEK/
ERK proliferation and the PI3K/Akt anti-apoptotic 
pathways (West et al., 2018). An increase in telo-
merase activity has also recently been observed 
in 85% of tumors, which was previously described 
in trophoblasts during placenta formation (Kyo et 
al., 1997; Trybek et al., 2020). Trophoblast cells 
can detach from the placenta and travel via ma-
ternal blood to other areas in a similar way to tu-
mor cells (Bronchud et al., 2008; McNanley and 
Woods, 2008).

On the other hand, trophoblasts and cancer 
cells are able to modulate and evade the host im-
mune response (Farjadian et al., 2018; Holtan et 
al., 2009). This fact also plays a very important 
role in trophoblasts, which are in contact with 
maternal blood to protect the embryo against re-
jection (Kim and Cho, 2022). Both tumor cells and 
trophoblast cells usually show low expression of 
MHC class I (Reeves and James, 2017). Conversely, 
they can overexpress HLA-G that inhibits natural 
killer cells (Ander et al., 2019; da Silva et al., 2023; 
Farjadian et al., 2018). In addition, trophoblast 
cells have been reported to express Fas and PD-

L1 ligands. The first induces apoptosis of immune 
cells that express Fas and that has been described 
in some tumor cells with acquired immune priv-
ilege (Burris et al., 1997; Sagrillo-Fagundes et al., 
2019). The second shows an immunoinhibitory 
function and it has also been described in tumor 
cells (Hossain et al., 2021). Finally, in both tissues, 
M2 macrophages overexpress the anti-inflam-
matory cytokine IL-10 to protect against the ma-
ternal immune response (Hu et al., 2016; Svens-
son-Arvelund et al., 2015).

It has been demonstrated that trophoblastic 
and tumor cells share other characteristics such 
as those related to drug efflux mechanisms and 
hypoxia response. In fact, the hypoxic conditions 
in which the placenta develops activate the ex-
pression of the hypoxia-inducible factor (HIF) 
that helps the placenta constitution (Burton et 
al., 2017; Shigemitsu et al., 2022). Similarly, co-
lon, breast, stomach, skin, or lung carcinoma cells 
overexpressed HIF1 in the hypoxic environment 
detected in the center of the tumor mass (Infan-
tino et al., 2021). In this case, hypoxia also po-
tentiated the expression of proangiogenic factors 
such as FGF2 and VEGF (Bos et al., 2005; Fang et 
al., 2001). The latter factor was also increased in 
trophoblast cells after exposure to hypoxic condi-
tions (Lash et al., 2003). In addition, some studies 
have shown the existence of the placental P-gly-
coprotein that expels drugs into maternal blood, a 
membrane protein that has been widely associat-
ed with chemoresistance in cancer (Emran et al., 
2022; Liu and Liu, 2019).

Finally, trophoblastic and tumor cells also share 
some molecular markers. Trop2, a trophoblast 
cell membrane marker, was overexpressed in 
colon, pancreatic, stomach and breast cancer, 
and TBX3 and TBX2, two transcription factors in-
volved in trophoblast differentiation, were over-
expressed in sarcomas, breast, colon and pancre-
atic cancer (Abrahams et al., 2010; Aliwaini et al., 
2019; Cavard et al., 2009; Duo et al., 2009; Fong 
et al., 2008; Han et al., 2013; Jeon et al., 2022; 
Lipinski et al., 1981; Lv et al., 2019; McIntyre et 
al., 2022; Mühlmann et al., 2009; Ohmachi et al., 
2006; Shan et al., 2014; Willmer et al., 2016; Zhu 
et al., 2016; Bleloch et al., 2024). Furthermore, 
HLA-G that is expressed in trophoblast cells has 
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also been overexpressed in breast and colon can-
cer (Farjadian et al., 2018; Gregori et al., 2015). 
Other overexpressed markers in trophoblasts and 
cancer include ERVW-1, Syncytin-1, CDX2, PLAP 
or Plag1 (C.West et al., 2022; Graule et al., 2018; 
Logan et al., 2021; Reiswich et al., 2021).

MATERIALS AND METHODS

Cell culture

Human cell lines MCF-10A (breast epithelial 
non-tumorigenic), L132 (alveolar lung epithe-
lium), A549 (lung adenocarcinoma), H69 (lung 
small cell carcinoma), JURKAT (T cell leukemia), 
Skbr3 (breast cancer), MG63 (osteosarcoma), 
HCT15 (colorectal carcinoma), HT29 (colorectal 
adenocarcinoma), SK-N-SH (neuroblastoma) and 
SF268 (glioblastoma) were purchased from the 
Scientific Instrumentation Center of the Universi-
ty of Granada. L132, A549, Skbr3, MG63, HCT15, 
HT29, SK-N-SH and SF268 cell lines were cultured 
in Dulbecco’s Modified Eagle’s Medium (DMEM) 
medium (Sigma-Aldrich, San Luis, EEUU). H69 
and JURKAT lines were grown in RPMI medium 
(Sigma-Aldrich). Both media were supplement-
ed with 10% fetal bovine serum (Sigma-Aldrich) 
and 1% antibiotic streptomycin (10000 U/ml) 
and amphotericin B (10 mg/ml) (Sigma-Aldrich). 
The MCF-10A cell line was cultured in DMEM/
F12 Ham (Sigma-Aldrich) supplemented with 5% 
horse serum (FHS) (Sigma-Aldrich), 1% strepto-
mycin and amphotericin B (Sigma-Aldrich), 0,1% 
Insulin-Transferrin-Selenium (ITS) (Thermo 
Fisher), 0,05% hydrocortisone (Sigma-Aldrich), 
0,002% EGF (Thermo Fisher) and 0,01% cholera 
toxin (Sigma-Aldrich) from Vibrio cholerae bacte-
ria. All cell lines were maintained at 37ºC in a hu-
mid atmosphere with 5% CO2.

RNA extraction and quantitative Real-Time 
PCR (RT-qPCR)

Cells were trypsinized, washed with PBS and 
centrifuged. The cell pellet was resuspended in 
TRI Reagent (Sigma-Aldrich) and stored at -80ºC. 
RNA extraction was carried out with the RNeasy 
Mini kit (Qiagen, Hilden, Germany) and reverse 
transcribed 1 μg of RNA to cDNA with the RNeasy 
Mini Kit (Qiagen, MD, USA) following the manu-

facturer’s instructions. RT-qPCR was performed 
with TB Green Premix Ex Taq II (Takara Bio, Ku-
satsu, Japan). Primers for TBX3, TBX2, ERVW1, 
HLAG and Trop2 (trophoblastic markers) and 
MMP9, MMP2, VEGF and TGF-β were used. In ad-
dition, GADPH was used as an endogenous con-
trol (housekeeping gene). The data obtained were 
normalized with respect to GADPH and the results 
were expressed using the 2^(-ΔΔCt) method.

Chicken chorioallantoic membrane tumor in-
duction in ovo

Fertilized chicken (Gallus domesticus) eggs ob-
tained from the Santa Isabel farm (Cordoba, An-
dalucia, Spain) were incubated horizontally at 
37ºC in an atmosphere with 60% humidity and in 
the absence of CO2 (embryonic development day 
0; EDD0). As shown in Fig. 1, the eggs were rotated 
3 times a day. In EDD3, after cleaning the surface 
of the eggs with 70% ethanol, under sterile con-
ditions, a small hole was made with a 19G needle 
to aspirate 1 ml of albumin creating an air pock-
et between the shell membrane and the Chicken 
chorioallantoic membrane (CAM). Briefly, a 1 cm 
diameter window was opened with scissors, then 
closed with Parafilm and incubated again. EDD7 
was visually inspected for CAM vascularization 
and egg viability. Tumor cells were trypsinized, 
centrifuged and resuspended in serum-free me-
dium at a concentration of 2x106 cells per 30 μl of 
medium. A sterile plastic ring was deposited on 
the surface of the CAM. A sterile cotton swab was 
used to create a small drop of blood in a blood 
vessel in the center of the CAM ring onto which 
30 μl of cells were deposited. Eggs were sealed 
and incubated again. Tumor growth was visually 
inspected daily. Finally, 7 days after inoculation 
with tumor cells (EDD17), chick embryo were eu-
thanized. CAM was fixed with paraformaldehyde 
(4%) (Monplet and Esteban) for 1 h. and was cut 
out and stored in at 4ºC. Photos were taken of 
the CAM with a stereo zoom microscope (Motic, 
Barcelona, Spain). Organs were removed from 
the chick embryo and fixed in paraformaldehyde 
(4%) for further processing. In the EU countries, 
CAM assay is not declared as an animal experi-
ment by law, and therefore, does not require eth-
ical approval.



Tumor malignancy and trophoblastic markers

472

Biotinidase activity

Biotinidase activity was measured by the colori-
metric method based on the use of biotinyl-4-ami-
no benzoic acid (B-PABA) as a substrate for the 
reaction (Wolf et al., 1983). The cell lines were 
trypsinized and centrifuged. The cell pellet was 
resuspended in extraction buffer composed of 50 
mM HEPES (Boehringer-Mannheim), 5mM Dith-
iothreitol (DTT) (BIO-RAD) and 1% Triton X-100 
(Sigma-Aldrich). Cells were lysed by sonication 
for 8 pulses of 10 sec at a frequency of 40% and 
protein concentration was determined by Brad-
ford (Sigma-Aldrich). Briefly, 180 μl of 0.375 mg/
ml bovine serum albumin (Sigma-Aldrich) dis-
solved in 0,2M phosphate buffer at pH 6 was incu-
bated with 48 μl of 0.5 mg/ml B-PABA at 37°C and 
shaking at 400 rpm for 5 min. Subsequently, 140 
μl of 14,286 μg/μl of the cell lysate was added and 
incubated at 37°C and shaking at 400 rpm for 22 
h. For the blank, 140 μl of protein-free extraction 
buffer was added. After that time, the reaction 
was stopped with 60 μl of trichloroacetic acid 
(Sigma-Aldrich) and incubated for 10 min at 4°C. 
It was centrifuged 5 min at 1900 rpm. 100 μl of 
the supernatant was transferred to 96-well plates. 
25 μl of 0.1% sodium nitrite (Sigma-Aldrich) was 

added and incubated 3 min at room temperature 
without shaking. Then 25 μl of 0.5% ammonium 
sulfate was added and incubated again 3 min at 
room temperature. Finally, 25 μl of 0.1% N-(1 
Naphthyl) ethylenediamine dihydrochloride (Sig-
ma-Aldrich) was added and incubated 10 min at 
room temperature. The absorbance was mea-
sured at 570 nm on a plate reader (Bioteck, Noga-
razza, Italy). To determine the biotinidase activity 
(μmol/min) of the samples, a standard curve with 
PABA was performed.

RESULTS

Expression of trophoblastic markers and tumor 
aggressiveness markers 

The RT-qPCR analysis of trophoblastic markers 
allowed comparing the differential expression 
of TBX3 in tumor cell lines. As shown in Fig. 2, 
the higher TBX3 expression was detected in the 
SF268 glioblastoma cell line although A549 lung 
cancer cell and HT29 and HCT15 colon cancer cell 
lines also presented great levels of this marker.  
Interestingly, TBX2 and ERVW1 were highly ex-
pressed in the same cell lines (SF268, A549, HT29 
and HCT15) including in this case MG63 osteosar-

Fig. 1.- Workflow of tumor induction in the CAM in vivo. Fertilized eggs were incubated, on day 3 of embryonic development (EDD3) 
a window was opened and incubation continued. On EDD7 the cells were inoculated and finally on EDD14 the CAM was fixed.
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coma cell line. By contrast, HLAG was highly ex-
pressed in the MG63 and HT29 cells and Trop2 in 
Skbr3 cells and at a lower level in HT29 and A549 
cells. Non tumoral cell lines, such as L132 and 
MCF10A (lung and breast cancer) do not express 
trophoblastic markers in a significative way.

On the other hand, RT-qPCR analysis of the 
markers related to tumor aggressiveness showed 

that the highest expression of MMP-2 was found in 
MG63 cells while MMP-9 and TGF- β were highly 
expressed in SF268 glioblastoma cell line. Howev-
er, the three MMP-2, MMP-9 and TGF- β markers 
were also significantly expressed in A549 cells.  
Finally, VEGF was mostly expressed in SF268 al-
though it also presented a significant expression 
in MG63 and HT29 cells.

Fig. 2.- Trophoblastic and aggressiveness markers expression and biotinidase activity in cell lines. A. Graphical representation of 
markers expression. B. Table resume of markers expression in the analyzed cell lines. C. Graphical representation of the number 
of expressed or not expressed trophoblastic markers in analyzed cell lines. D. Graphical representation of biotinidase (µmol/min) 
activity. Data are reported as mean ± SD with experiments performed in triplicate. “**” represents statistical significance respect 
to the resto of the groups (p<0.05).
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Biotinidase activity

Our results showed a significantly lower biotin-
idase activity in cell lines derived from lung small 
cell carcinoma (H69), T cell leukemia (JURKAT) 
and osteosarcoma (MG63) with values of 0.00037, 
0.00025 and 0.00049 µmol/min, respectively (Fig. 
2.D). Interestingly, non-crab tumor cell lines such 
as H69 and JURKAT showed low biotinidase activ-
ity needing a supply of biotin from their environ-
ment to proliferate.

Tumor induction assay on chorioallantoic 
membrane in ovo

Although all cell lines successfully proliferated 
on CAM (Fig. 3.A), morphology, tumor area, and 
clonogenicity showed significant differences. In 
fact, the H69 and JURKAT cell lines showed the 
lowest clonogenic capacity (Fig. 3.B). On the other 
hand, MG63, SK-N-SH, SF268 and A549 cell lines 
formed visible solid tumors from the first day of 
the assay (Fig. 3.C). The HT29 cell line became vis-
ible as a cell dispersion (a tumor cell white cloud 

that indicate tumor cell CAM invasion) that ac-
quired solid tumor morphology on day 5 of tumor 
induction. In contrast, Skbr3, HCT15, H69 and 
JURKAT cell lines formed only cell dispersion (no 
tumor) on days 2, 3, and 5 of the assays, respec-
tively. Only the Skbr3 cell line eventually formed 
cell dispersion and a solid tumor at days.

On the other hand, the phenotypic analysis of 
the areas invaded by tumor showed that the cell 
line that generated the smallest tumor area was 
H69 followed by JURKAT. In contrast, SF268 
shows a greater tendency to cover a larger area of 
the CAM (Fig. 4).

DISCUSSION
Previously, trophoblastic markers such as 

TBX3, Trop2 or HLA-G and TBX2, have been stud-
ied in breast, pancreatic and colorectal cancer, 
respectively. These markers were overexpressed 
in tumor cells compared to normal tissues and 
have been correlated with poor disease progno-
sis, decreased survival and increased recurrence 

Fig. 3.- Tumor induction assay on CAM. A. Representative image of induced tumors with different cell lines in CAM of eggs at final 
time (168 h). B. Graphical representation of the clonogenic capacity of the induced tumors. The time indicated hours after visible 
tumor apparition. C. Graphical representation of the apparition of cell dispersion or solid tumors. Data are reported as mean ± SD 
with experiments performed in triplicate. “**” represents statistical significance respect to the rest of the groups (p<0.05).
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rate (Han et al., 2013). For example, Aliwaini et al. 
(2019) demonstrated that TBX3 is overexpressed 
in breast cancer tissues respect to normal ones 
and Fong et al. correlated the expression of Trop2 
in pancreatic cancer with worse prognosis and 
higher lymph node involvement (Aliwaini et al., 
2019; Fong et al., 2008). However, Mi et al. (2024) 
expose that TBX2 silencing by methylation is cor-
related with a poor prognosis of lung cancer. This 
last phenomenon could be due to the repression 
of TBX2 mediated by TBX3 as described Oh et 
al. (2019).  In addition, Guo et al. (2015) exposed 
that HLA-G expression was significantly correlat-
ed with the overall survival of colorectal cancer 
patients. Some of these markers have been pro-
posed by the FDA as therapeutic targets. In fact, 
Sacituzumab govitecan, an anti-Trop2 monoclo-
nal antibody linked to irinotecan active metab-
olite (a topoisomerase I inhibitor), against tri-
ple negative breast cancer in a metastatic stage 
(Bardia et al., 2021; Goldenberg et al., 2018). 
Moreover, Datopotamab-Deruxtecan, as a novel 
anti Trop2 conjugated monoclonal antibody, has 
been proved against non-small-cell-lung cancer 

in phase I trial (Shimizu et al., 2023). Our results 
suggest a significant correlation between a high 
expression of trophoblastic markers and behav-
ior at the clinical level. In fact, cell lines from tu-
mors clinically more aggressive, chemoresistant 
and with high clonogenic capacity (SF268, A549, 
HT29, HCT15, MG63 and Skbr3) characterized 
by the overexpression of two or more trophoblas-
tic markers. By contrast, cell lines from tumors 
clinically less aggressive, chemosensitive or po-
tentially chemocurable and with low clonogen-
ic capacity (H69, JURKAT and SK-N-SH) did not 
significantly overexpress trophoblastic markers. 
Based on these findings, there are crab tumors 
that express genes indicating trophoblastic cell 
reprogramming and that are chemoresistant/
chemo-incurable, more aggressive and invasive, 
with a high relapse rate such as anaplastic glio-
ma, osteosarcoma, colon, lung, and breast can-
cer; and non-crab tumors characterized by being 
chemosensitive/chemo-curable, less aggressive 
and without characteristics of tissue invasion 
such as  lymphoma, germinative tumor, leuke-
mia, neuroblastoma, neuroendocrine tumor 

Fig. 4.- Stereoscopic magnification glass images of the CAM overview and tumor areas (green) with a graphic summary. Data de-
rived from experiments performed in triplicate. “*” represents statistical significance respect to controls (p<0.05).
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(microcytic lung cancer) or embryonic rhabdo-
myosarcoma. In addition, traditional tumor ag-
gressiveness markers studied did not correlate 
with trophoblastic markers. A clear example was 
Skbr3 cell line, which showed expression of two 
or more trophoblastic markers. Skbr3 cell line 
did not express any aggressive markers (Fig. 5).

The biotinidase is an enzyme that catalyzes the 
hydrolysis of the product of biotin-dependent 
carboxylase degradation (biocytin) to lysine and 
biotin. This enzyme recycles biotin and keeps it 
available to the cell (León-Del-Río, 2019). Biotin 
levels modulate the holocarboxylase synthetase 
enzyme, which plays an essential role to the bind-
ing of biotin to histones. This fact is relevant to the 
epigenetic events that regulate chromatin struc-
tures and gene function (León-Del-Río, 2019). In 
this context, biotinidase activity has been pro-
posed as a marker of aggressivity in some types 
of cancer.  Recently, So et al., (2012) compared 
biotinidase levels in thyroid cancer cell lines, 
demonstrating a low expression in CAL-62 cell 
line (aggressive) in comparison to TPC-1 (non-ag-
gressive). Moreover, a significant low level of bi-
otinidase in aggressive thyroid cancer patients’ 

sera was detected. Scheerger and Zempleni 
(2003) previously demonstrated that exposure of 
H69 cells to higher than biotin physiological con-
centrations increase the expression of oncogenes 
such as N-Myc by up to 20%. In contrast, crab lines 
such as HT29 showed high biotinidase activity, 
suggesting that they keep free biotin available and 
do not require high concentrations of this factor.

In ovo assay suggested that the cell lines with 
higher clonogenicity (SF268, A549, HT29 and 
MG63) matched the crab cell lines, while the 
non-crab cell lines (JURKAT and H69) showed 
lower clonogenicity. Furthermore, in terms of in-
vasiveness and aggressiveness, the CAM tumor 
area was always higher in the tumor induced 
with crab lines than in the non-crab lines. Thus, 
these results seem to corroborate our hypothesis 
about the correspondence between trophoblastic 
features and tumor aggressiveness. However, no 
correspondence was demonstrated between tra-
ditional tumor aggressiveness markers and tro-
phoblastic markers. Likewise, no correspondence 
was detected between in vivo behavior and tradi-
tional aggressiveness markers. In fact, non-crab 
cell lines such as JURKAT overexpressed two tu-

Fig. 5.- Diagram representation of similarities between placenta trophoblast and cancer (A), acquisition of trophoblastic features 
during transition from benign to malignant tumor (B) and tumor characteristics of crab and non-crab tumors (C).
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mor aggressiveness markers (MMP9 y TGF-β), yet 
in the in vivo assay showed low clonogenicity, in-
vasiveness and aggressiveness. Moreover, Skbr3 
crab cell line did not express traditional aggres-
siveness markers, and behaved as cells with high 
clonogenicity, invasiveness and aggressiveness. 
These results suggest that traditional markers 
may not be good predictive markers or therapeu-
tic targets and could explain the discrete activity 
of anti-angiogenic drugs, such as bevacizumab, a 
monoclonal antibody targeting VEGF, in colorec-
tal cancer, lung cancer or ovarian cancer (Horika-
wa et al., 2020; Li et al., 2019; Negri et al., 2019).

The ERVW1 trophoblastic marker draws enor-
mous attention. This gene that codifies by the pro-
tein responsible for the invasiveness of tropho-
blastic tissues (syncytin) is a component of the 
endogenous retrovirus (HERV) envelope acquired 
by primates (20 million years ago) and present in 
hominids (Chuong et al., 2013; Heyne et al., 2015; 
Stricker et al., 2023). As Chuong et al. (2013) in-
dicated, malignant tumors are more frequent and 
larger in humans compared to other animals and 
ERVW1 represent an evolutionary benefit for em-
bryonic development in hominids. Our results 
showed a relevant expression of ERVW1 in all 
cell lines with trophoblastic traits (A549, SF268, 
HT29, HCT15, and MG63) except Skbr3. ERVW1 
determination may represent an opportunity for 
early diagnosis and therapy of cancer. Perhaps, 
the evolutionary benefit of ERVW1 acquisition for 
embryonic development could favor the appear-
ance of cancer.

To the best of our knowledge, this is the first 
study that correlates a set of trophoblastic mark-
ers with tumor characteristics, pointing out that 
the malignant phenotype could be acquired by the 
appearance of trophoblastic characteristics in the 
process of tumor progression from benign tumors 
(Doello, 2018). Based on this hypothesis, tropho-
blastic markers open up opportunities for early 
diagnosis and treatment of some types of cancer. 
The use of inhibitors of trophoblastic proteins 
with the aim of disconnecting the tumor’s tropho-
blastic phenotype could be a strategy. In addition, 
the promotion of immunity against tumor cells 
with trophoblastic traits through vaccines that se-
lectively recognize antigens of these tumor cells 

(i.e. HLA-G) may be an alternative. The overex-
pression of HLA-G in some tumor cell lines could 
open the door to immunotherapies focused on 
blocking the immunosuppressive nature of this 
protein, favoring the immune recognition and de-
struction of tumor cells.

CONCLUSION
In conclusion, our results showed a well-known 

crab tumor group characterized by higher ex-
pression of trophoblast markers, aggressiveness, 
invasiveness, clonogenicity and resistance to the 
lack of cofactors such as biotin; and a non-crab 
tumor group that did not express trophoblastic 
markers and showed lower aggressiveness, in-
vasiveness, clonogenicity and sensitivity to lack 
of biotin. Future studies including clinical trials 
will be necessary to determine the effectiveness 
of these strategies.
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