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A B S T R A C T   

Differences in the features of aggressiveness of non-melanoma skin cancer (NMSC) subtypes, between basal cell 
carcinoma (BCC) and squamous cell carcinoma (SCC) are relevant characteristics. Comparing the characteristics 
between NMSC subtypes might help identify molecules associated with cancer metastasis and invasion. 
Considering these facts, the current study aimed to identify a molecular target for inhibiting skin cancer 
metastasis and invasion. 

Proteomic analysis suggested that heat shock protein 90 kDa, alpha, class B member 1 (HSP90AB1), pentaxin 
(PTX3), caspase-14 (CASP14), S100, actin-1, and profilin were the primary targets related to metastasis and 
invasion. However, after a differential expression comparison between BCC and SCC, HSP90AB1 was identified 
as the best target to repress metastasis and invasion. Based on molecular docking results, gallic acid (GA) was 
selected to inhibit HSP90AB1. A specific Hsp90ab1 siRNA targeting was designed and compared to GA. Inter
estingly, GA was more efficient in silencing HSP90AB1 than siRNAhsp90ab1. Hence, our data suggest that 
HSP90AB1 is a crucial biomarker for identifying invasion and metastasis and that its inhibition may be a viable 
strategy for treating skin cancer.   

1. Introduction 

In 2020, 1,042,056 new cases of non-melanoma skin cancer (NMSC) 
was reported to have occured worldwide (Sung et al., 2021). Basal cell 
carcinoma (BCC) and squamous cell carcinoma (SCC) are the two most 
common types of NMSC (Fitzmaurice et al., 2019; Ciążyńska et al., 

2021). Potentially malignant oral lesions (PMOLs) may undergo spon
taneous remission or evolve to become SCC (de Paula Souza et al., 
2022). For example, actinic keratosis (AK) is considered a PMOL of the 
skin (Poswar et al., 2013; de Almeida et al., 2016) because its prognosis 
is associated with histopathological and molecular findings (Poswar 
et al., 2013; de Oliveira Poswar et al., 2015). 
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Past studies have suggested pathways related to inhibition of cancer 
metastasis and invasion (Souza et al., 2010; Souza et al., 2011; de 
Almeida et al., 2016). Despite recent technological advances, cancer 
treatment remains a challenge and the clinical benefits remains unclear 
(Shalhout et al., 2021). Hence, one alternative to avoiding the collateral 
effects is to identify molecular specific targets (Xavier et al., 2021). 
Identifying biomarkers associated with invasiveness and metastasis, 
which can assist in the treatment and prognosis of NMSC, is an auspi
cious field of research and one that has brought about promising results 
(Fraga et al., 2012; Cardoso et al., 2019b). One crucial strategy to 
identifying biomarkers is to compare neoplasia with different prognoses 
and to select targets according to the behavioral characteristics of the 
neoplasia (Santos et al., 2021a). Multiple molecular analysis tools, such 
as proteomics, have emerged for identifying protein-based markers that 
can become therapeutic targets for the diagnosis, treatment, and 
monitoring of tumors as well as for understanding tumor biology (Car
doso et al., 2019a). Specifically, when combined with bioinformatics 
tools (Monção et al., 2020) and additional repository data (Santos et al., 
2021b), the validity of proteomics biomarkers has become more robust 
and reproducible (Santos et al., 2021a; de Paula Souza et al., 2022). 
Chaperones are proteins related to protein structure/folding, and, 
consequently, protein function (Schopf et al., 2017). They are also 
responsible for controlling protein metabolism and degradation (Schopf 
et al., 2017). In general, the role of chaperones in protein degradation is 
one of the factors that links chaperones to cancer development and 
prognosis (Santos et al., 2021b). Recent strategies, such as gene 
silencing using bioprospecting compounds, have emerged as alterna
tives to conventional cancer treatment (Guimaraes et al., 2016; Xavier 
et al., 2021). Therefore, this study aimed to identify a molecular target 
that can be inhibited to repress skin cancer metastasis and invasion. 

2. Materials and Methods 

The detailed methodology is presented in the Supplementary Mate
rial and Methods. 

2.1. Et hical approval 

Ethical approval for this study was obtained from the Institutional 
Ethical Review Board (no. 52769016.9.0000.5146), and informed con
sent was obtained from all patients who participated in the study. 

2.2. Study design 

Three different designs were used in this study. In the first part of this 
study, we performed bioinformatics and clinical analyses. Cell culture 
was performed as the second step to identify an inhibitor of the selected 
target. In the third part of the study, the inhibitory activity of gallic acid 
(GA) was compared with that of siRNA in vitro. 

2.3. Patients and groups 

A total of 16 samples collected between 2010 and 2016 were selected 
from the Human Biological Bank. The samples were then divided into 
four groups comprised of frozen samples of AK, BCC, SCC, and normal 
skin (NS) (n = 4) to investigate differences between NMSC subtypes. The 
control group was comprised of samples from the peritoneal region. The 
clinical data of the patients are presented in Supplementary Table 1. 

2.4. Mass spectrometry analysis 

For protein extraction, tissues were first macerated, and then a lysis 
buffer was added. Briefly, protein extracts were denatured in 1.6 mol/L 
urea (Sigma-Aldrich, Darmstadt, Germany) followed by reduction with 
5 mmol/L dithiothreitol (Sigma-Aldrich) for 25 min at 56 ◦C, alkylation 
with 14 mmol/L iodoacetamide (Fluka, Buchs, Switzerland) for 30 min 

at room temperature in the dark, and trypsin digestion (Promega, 
Madison, WI, USA) for 16 h at 37 ◦C (enzyme-to-substrate ratio = 1:50) 
(Aragão et al., 2012). The digested aliquots were then passed through 
Poros R2 C8 C18 resin (Invitrogen) with 1 % trifluoroacetic acid (TFA) 
for desalination. After washing with 0.1 % TFA, the peptides were eluted 
in 0.1 % TFA with 70 % acetonitrile and dried in a vacuum centrifuge 
(Cardoso et al., 2019b). Peptide elution was analyzed using mass spec
trometry (MS), as described previously (Ma et al., 2003; Cardoso et al., 
2019a). 

Reversed-phase nano-chromatography coupled with high-resolution 
nano-electrospray MS was used to identify tripysin digestion. Scaffold 
software (https://www.proteomesoftware.com) and statistical valida
tion were used to confirm peak protein identification (Ma et al., 2003). 
The scaffold was then used to probabilistically validate peptide identi
fication using PeptideProphet (Keller et al., 2002) and to derive the 
corresponding protein probabilities using ProteinProphet (Nesvizhskii 
et al., 2003; Searle, 2010). Normalized spectral counts were then 
analyzed using the Green Scaffold software (version 4.0; Proteome 
Software, Inc., Portland, OR, USA) with a protein threshold higher than 
95 % probability to evaluate differentially expressed proteins among 
groups. A second criterion for analyzing the data obtained using MS was 
the statistical analysis of a heatmap using the MetaboAnalyst 5.0 soft
ware (https://www.metaboanalyst.ca/) (Pang et al., 2022). The data 
obtained from MS were also analyzed using fold change to compare the 
expression of proteins between each group studied and NS. The protein 
level was deemed to be significantly high if its expression had a ratio of 
5.0 or higher and a p-value of < 0.05. 

2.5. Mass spectrometry validation 

Four gene expression profile microarray datasets (GSE45216, 
GSE45164, GSE53462, and GSE98774) were obtained from the Gene 
Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih. 
gov/geo/) (de Paula Souza et al., 2022). Analysis of GSE45216 
allowed for the comparison of transcriptomes of 30 SCC and 10 AK 
tissues while GSE45164 was used to compare the transcriptomes of 10 
SCC tissues with three matched NS samples. Analysis of GSE53462 
allowed us to evaluate two scenarios: a comparison of the tran
scriptomes of five SCC samples with 16 BCC samples and a comparison 
of the transcriptomes of 16 BCC samples with five NS samples. Finally, 
analysis of the last database, GSE98774, allowed for the comparison of 
transcriptomes of 18 AK samples with those of 20 NS samples. The 
clinical data of the patients are provided in Supplementary Table 2. The 
GEO2R tool (https://www.ncbi.nlm.nih.gov/geo/geo2r/) was used to 
perform differential expression analyses between individually paired 
samples from each database (de Paula Souza et al., 2022). The Benjamini 
and Hochberg false discovery rate method was applied to correct the 
occurrence of false-positive results. A logFC (fold change) value ≥ 1 was 
considered the cutoff criterion (Sun et al., 2017; Pereira et al., 2019). 
The tissue expression of selected genes in NS, BCC, and SCC is available 
in the Human Protein Atlas (https://www.proteinatlas.org/) (Uhlen 
et al., 2017). 

2.6. Molecular docking 

The 3D chemical structures of GA and the HSP90AB1 protein (PDB 
ID: 3 NMQ) (Wang et al., 2018) were obtained from PubChem (https://p 
ubchem.ncbi.nlm.nih.gov/) and the RCSB Protein Data Bank 
(https://www.rcsb.org/), respectively. The UCSF Chimera software 
(version 1.13) was used to prepare the two molecules for molecular 
coupling (Qawoogha and Shahiwala, 2020). The Achilles Blind Docking 
online server (https://bio-hpc.eu/software/blind-docking-server/) was 
used to predict the types of bonds and to calculate the free bond energy 
between the protein and compound used. This server uses the “blind 
coupling” approach, as the protein-binding site has not been specified 
(Sánchez-Linares et al., 2012). 
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2.7. Cell culture 

A431 and HaCaT cells were kindly given to us by Dr. Lídia Maria de 
Andrade (Nanobiomedical Research Group, Department of Physics, 
ICEx/Federal University of Minas Gerais) and were cultured as described 
before (Tabosa et al., 2022). The A431 cell line was derived from SCC 
and was used for in vitro testing (Tiwari et al., 2017). The cells were 
grown in Dulbecco’s modified Eagle’s medium (Gibco, Billings, MT, 
USA) supplemented with 10 % fetal bovine serum (Gibco), 400 ng/mL 
hydrocortisone, and an antibiotic/antimycotic solution (Invitrogen, 
Carlsbad, CA, USA) and were incubated at 37 ◦C with 5 % CO2 in a 
humidified air atmosphere. The treatment used in the tests included GA 
3,4,5-trihydroxy benzoic acid 97.5 %–102.5 % (titration)(Sigma, St. 
Louis, MO, USA). 

2.8. Phenotypic assays: MTT, wound scratch, cell death, and reactive 
oxygen species. 

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) test was performed to determine the concentration of GA. Briefly, 
A431 and HaCaT cells were plated at a density of 3 × 103 cells/well and 
treated with GA at various concentrations. GA was dissolved in ethanol, 
and seven groups were used: control, vehicle, 1, 5, 10, 15, and 20 μg/mL 
of GA. After 24 h, cells were washed with 1X PBS. After washing, cells 
were subjected to the MTT reagent (Thermo Fisher Scientific, Waltham, 
MA, USA), which was solubilized with dimethyl sulfoxide (DMSO) 
(Sigma-Aldrich, St. Louis, MO, USA) and turned to a blue/purple color. 
Measurements were performed using ELISA equipment at an absorbance 
value of 540 nm, and the results were obtained from triplicate experi
ments. The importance of each group was statistically analyzed (Gui
maraes et al., 2016), and an MTT assay was performed using the color 
intensity of formazan crystals. All group color intensity values were 
assessed using the ImageJ software (da Rocha et al., 2019). Cell viability 
was evaluated using the MTT assay, followed by an analysis of IC50 
values in the A431 and HaCaT cells. The results of the MTT assays were 
assessed as A431, and HaCaT cells were used in in vitro assays and 
received the following groups: control, vehicle, and 10 μg/mL GA. All 
experiments were performed in triplicates. Briefly, for the wound 
scratch assay, a scratch was made with a sterile pipette tip (2–20 μL) in a 
confluent cell layer, and this was followed by washing twice with PBS 
and without or with the addition of 10 µg/mL GA in serum-free medium 
(Locatelli et al., 2013). Wells were photographed at the beginning of the 
experiment and 24 h after treatment. ImageJ was used for the analysis 
(Guimaraes et al., 2016). 

To analyze the ratio of dead cells to total cells, all groups were 
stained with a solution containing 1,000 µg/mL acridine orange (LA; 
Sigma) and 100 μg/mL ethidium bromide (BE; Sigma). An FSX100 mi
croscope (Olympus, Center Valley, PA, USA) was used for image analysis 
(Guimaraes et al., 2016). To measure the levels of reactive oxygen 
species (ROS), cells were incubated with 10 µmol/L dichlorodihydro
fluorescein diacetate (H2DCFDA; Invitrogen) for 30 min at 37 ◦C, 
washed twice with 1X PBS, and immediately photographed under a 
fluorescence microscope (Olympus), and then quantified using ImageJ 
(Bander et al., 2019). 

2.9. qRT-PCR and immunocytochemical analysis 

Per the manufacturer’s instructions, RNA was isolated using the 
TRIzol reagent (Thermo Fisher Scientific). For qRT-PCR, 66 ng of cDNA 
was added to SYBR Green reagent (Life Technologies, Carlsbad, CA, 
USA) with Hsp90ab1-specific primers (forward: 5- CAAGGGAAAAGC
CAGAAGATAGCA − 3; reverse: 5- CCAGGCACTTCGGGACAACTC − 3) 
(De Spiegelaere et al., 2015; Nikishin et al., 2018) (Integrated DNA 
Technologies, Inc., San Diego, CA, USA). Amplification was performed 
using a QuantStudio 6 qRT-PCR system (Life Technologies). All re
actions were performed in triplicate, and β-actin (forward primer: 5- 

AGGCACCAGGGCGTGAT − 3; reverse primer: 5- GCCCACA
TAGGAATCCTTCTGAC − 3) (Bravo-Calderon et al., 2020) was used as 
an endogenous control for the normalization of target gene expression. 
The analysis of the qRT-PCR data was performed using the 2− ΔΔCt 

method. For immunocytochemical analysis, cells were seeded on glass 
coverslips and synchronized for 24 h by serum starvation, and then GA 
was added to the culture medium. The following primary mouse 
monoclonal antibody was used: anti-HSP90AB (F-8)(1:100, sc-13119; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA). Briefly, the samples 
were incubated with the monoclonal antibody for 18 h at 4 ◦C. Endog
enous peroxidase was blocked by incubating with 0.3 % H2O2 in Milli-Q 
water for 30 min. Signals were developed using 3,3ʹ-diaminobenzidine 
tetrahydrochloride for 3 min, followed by counterstaining with Mayer’s 
hematoxylin for 1 min. Positive and negative controls were used for all 
reactions. The slides were photographed under an FSX100 bright-field 
microscope (Olympus, Center Valley, PA, USA) at 40 × magnification. 
Immunocytochemical analyses of the investigated antigens were per
formed by determining the percentage of positively stained cells in all 
counted fields. Cytoplasmic staining of HSP90AB1 was positive (Gui
maraes et al., 2016). 

2.10. siRNA-mediated downregulation of HSP90AB1 and the effect of 
gallic acid 

First, A431 cells were transfected with siRNA directed against 
HSP90AB1 using the Lipofectamine RNAiMAX transfection reagent (Life 
Technologies, Carlsbad, CA, USA). siRNA (s7000 and s7001) were pur
chased from Life Technologies, and the BLOCK-iT ™ Alexa Fluor® Red 
Fluorescent Control siRNA (Life Technologies, Carlsbad, CA, USA) was 
used as both a transfection control and a scramble control according to 
the manufacturer’s instructions (Life Technologies, Carlsbad, CA, USA) 
(HaDuong et al., 2015). GA was used as an inhibitor of HSP90AB1, for 
comparison with the inhibitory activities of the s7000 and s7001 siR
NAs. Wound scratch assays, cell death assays, and immunocytochemical 
analysis were performed in triplicate for each group. 

2.11. Statistical analysis 

All analyses were performed using SPSS Inc. Released 2009. PASW 
Statistics for Windows, version 18.0 (Chicago: SPSS Inc., USA) and 
GraphPad Prism (version 5.0; GraphPad Software, Inc., San Diego, CA, 
USA). Kolmogorov-Smirnov and Shapiro-Wilk tests were used to assess 
data distribution. Because the samples showed a normal distribution, a 
one-way analysis of variance (ANOVA) was performed, and Tukey’s test 
followed this. All data are presented as mean ± standard deviation. 
Statistical significance was set at p < 0.05. 

3. Results 

3.1. HSP90AB1 is the target associated with the aggressive behavior of 
SCC 

MS analysis was performed to trace the protein profiles of AK, BCC, 
SCC, and NS samples. In total, 29 proteins with a 95 % detection rate 
were selected. Heatmap analysis revealed that the primary protein 
candidates were associated with a high level of invasiveness and 
aggressiveness in SCC (Fig. 1A). Fold-change analysis was used to 
compare the expression of proteins between each case group and the NS 
group. A protein level was considered significantly high if it had a score 
ratio of 5.0 or higher and a p-value of < 0.05 (Supplementary Table 3). 
The proteins included in the fold-change analysis were as follows: heat 
shock protein 90 kDa, alpha, class B member 1 (HSP90AB1), pentaxin 
(PTX3), caspase-14 (CASP14), S100, actin-1, and profilin (Fig. 1A). 

A total of 127 samples were included in this analysis and comprised 
45 SCC, 16 BCC, 28 AK, and 38 NS samples. Each dataset was subjected 
to differential expression analysis using GEO2R (Supplementary 
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Table 3). After an active search, the HSP90AB1 and PTX3 genes were 
found to be expressed in all the datasets analyzed in this study (Fig. 1C). 
Notably, the HSP90AB1 and PTX3 proteins showed a higher ratio than 
that of other proteins and a significant p-value when comparing SCC to 
NS (Fig. 1B). 

Cutoff criteria were applied to interpret the differential expression 
analysis results. Thus, it was possible to infer that the differential 
expression of HSP90AB1 was significant only when SCC and NS were 
compared (Fig. 1C). No significant differential expression was observed 
between SCC and AK, SCC and BCC, AK and NT, or BCC and NT (Fig. 1C). 
Thus, the elevation of HSP90AB1 was exclusively associated with SCC 
(Fig. 1C). Interestingly, neither HSP90AB1 nor PTX3 dysregulation was 
associated with BCC (Fig. 1C). Moreover, no significant differences in 
expression were observed for either HSP90AB1or PTX3 when comparing 
SCC to AK, BCC to NS, or SCC to BCC (Fig. 1C). 

Fig. 1D shows the representative immunohistochemical staining 
characteristics of HSP90AB1 and PTX3 in healthy individuals and pa
tients with cancer. Immunohistochemistry demonstrated an association 
between HSP90AB1 and SCC (Fig. 1D), whereas the expression of PTX3 
was low. Notably, the protein atlas did not contain AK samples. A 
comparison of protein expression suggests that HSP90AB1 is a molecular 
marker of malignancy. 

3.2. GA binds to the HSP90AB1 protein 

In the current study, molecular docking was used to test whether GA 
affected the HSP90AB1 protein. The docking results showed that the GA 
molecule binds to several amino acid residues of HSP90AB1, resulting in 
13 linkage clusters (Fig. 2A, I-II). The GA high-energy clusters are 
numbered 1 and 2 (− 6.1 kcal/mol and − 5.3 kcal/mol, Fig. 2A, III-IV, 
respectively). In the first cluster, a hydrogen bond was present be
tween the amino acid residue Trp162 and the –COOH group, a hydro
phobic interaction was present between Leu107 and the –CH group, and 
π stacking interactions were present between the aromatic ring of GA 
and the Phe138 and Trp162 residues (Fig. 2A, V). In the second cluster, 
hydrogen bonds were present between the amino acid residues Val172, 
Glu18, and Glu14 and the –OH group; hydrophobic interactions were 
present between the Lys100, Tyr160, and Ala174 residues and the –CH 
groups, and a salt bridge was present between Lys100 and the –COOH 
group (Fig. 2A, VI). These in silico results indicated that GA interacts 
with and binds to HSP90AB1 and may exhibit biological activity on the 
studied protein. 

3.3. GA dose–response curve in different cell lines 

An MTT test was performed to build a GA dose–response curve 
(Supplementary Material 1, Fig. 1A–1B). The IC50 values of aggressive 

Fig. 1. (A) Statistical analysis of heat
map. 29 proteins with 95 % detection 
were selected. The main protein candi
dates to be associated with higher inva
siveness and agressivess of SCC (B) The 
main candidate proteins to be associated 
with greater invasiveness and aggres
siveness of the SCC had a fold-change 
value ratio ≥ 5.0 and p-value < 0.05. 
*HSP90AB1 and PENTAXIN have been 
selected. (C) Differential expression 
Panel (HSP90AB1 and PENTAXIN 
(PTX3) validation). Diferential expres
sion in GEO. NOTE: logFC, logarithmic 
fold change. SCC – skin squamouss cell 
cancer, AK- actinic keratosis, BCC- 
Basocelular cell cancer, NS- normal 
skin./ * To be considered as significant 
diferential expression value, logFC 1 was 
set as the cuttoff criterion. (D) 
HSP90AB1 imunohistochemistry from 
NS, BCC, and SCC tissues. (E) PENTAXIN 
(PTX3) imunohistochemistry from NS, 
BCC and SCC tissues (images from Pro
tein Atlas Database).   
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cells (A431) and immortalized keratinocytes (HaCaT) were found to be 
different (7.15 and 13.29, respectively) (Supplementary Material 1, 
Figs. 2 and 3). Therefore, a 10 µg/mL concentration was chosen to be 
more effective for A431 cells than for HaCaT cells. 

3.4. GA selectively increases the level of ROS in aggressive cells 

In skin carcinoma cells, the rate of ROS generation was much higher 
in cells treated with 10 µg/mL of GA than in the control and vehicle 
groups (Fig. 2B and 2C). By contrast, no significant differences in the 
rate of ROS generation were detected in GA-treated keratinocytes 
(Fig. 2D and 2E). 

3.5. GA reduces the migration of SCC cells 

A cell migration assay was performed to assess the effects of 10 µg/ 
mL of GA on cell cycle inhibition in both skin carcinoma and 

keratinocytes. After 24 h, the migration of skin carcinoma cells treated 
with GA was significantly inhibited compared to control and vehicle- 
treated cells (Fig. 2F and 2G). However, no significant inhibition was 
observed in GA-treated keratinocytes (Fig. 2H and 2I). These results 
indicate that GA induces an anti-migratory effect in the SCC cell line. 

3.6. GA causes skin carcinoma cell death 

Various assays using ethidium bromide and acridine orange were 
performed to assess whether GA (10 µg/mL) induced cell death. The 
percentage of dead skin carcinoma cells in the GA-treated group was 
significantly higher than in the control and vehicle groups (Fig. 2J and 2 
K). By contrast, keratinocytes treated with GA showed no significant 
increase in dead cells compared to cells in the control and vehicle groups 
(Fig. 2L and 2 M). These results demonstrate that GA causes the death of 
skin carcinoma cells but not keratinocytes. 

Fig. 2. (A) Molecular docking between gallic acid (GA) and HSP90AB1 protein. (I) The table shows the connection energy values for each of the clusters identified. 
(II) Visualization of the results of the main clusters. (III) Overview of the GA anchored to HSP90AB1, with a free connection energy of − 6.1 kcal/mol. (IV) Overview 
of the AG anchored to HSP90AB1, with free connection energy of − 5.3 kcal/mol. (V and VI) Protein - ligand interactions. * Fluorescent green line: hydrophobic 
interactions; blue line: hydrogen bonds; white line: salt bridge; dark green line: pi stacking. (B-C) Graphs and microscopic images showing the reactive oxygen species 
(ROS) rate on cell lines of the skin carcinoma treated with GA at 10 µg/mL. There was an increase in the rate of ROS in skin carcinoma cells line; (D-E) There was no 
difference in ROS expression between groups of the keratinocyte cell lines. (F-G) After 24 h, there was a significant inhibition of the migration of the skin carcinoma 
cell lines treated with GA 10 µg/mL; (H-I) In keratinocyte cells, there was no significant inhibition of the migration of cells treated with GA 10 µg/mL; (J-M) Cell 
death assay performed on skin carcinoma and keratinocyte cell lines treated with GA 10 µg/mL using acridine orange and ethidium bromide; dead skin carcinoma 
cells in the group treated with GA was significantly higher. In contrast, in keratinocyte cells, there was no significant decrease in the number of dead cells. The scale 
of 100 µm. *Statistical significance accepted at p < 0.05. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of 
this article.) 
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3.7. GA reduces HSP90AB1 levels in skin carcinoma cells 

qRT-PCR was performed to assess whether GA (10 µg/mL) affected 
Hsp90ab1 gene expression. The levels of Hsp90ab1 mRNA in skin car
cinoma cells in the GA-treated group were significantly lower than those 
in the control and vehicle groups (Fig. 3A). In addition, Hsp90ab1 
mRNA expression in GA-treated keratinocytes was significantly lower 
than in the control and vehicle groups (Fig. 3B). These results indicate 
that GA affects the expression of Hsp90ab1. 

Immunocytochemical analysis was performed to assess whether GA 
(10 µg/mL) affected HSP90AB1 protein expression. The levels of 
HSP90AB1 protein in skin carcinoma cells in the GA-treated group were 
significantly lower than those in the control and vehicle groups (Fig. 3C 
and 3D). However, HSP90AB1 protein expression levels in GA-treated 
keratinocytes were insignificant compared to those in the control and 
vehicle groups (Fig. 3E and 3F). These results indicate that GA selec
tively affects the expression of HSP90AB1 in skin carcinoma cells. 

3.8. Comparison between GA and specific inhibition 

Cell death and migration assays showed that siRNA targeting 
Hsp90ab1 (siRNAhsp90ab1) did not induce the death nor inhibit the 
migration of skin carcinoma cells (Fig. 4A–4E). However, it was found 
that GA promoted a decrease in migration and an increase in the death of 

skin carcinoma cells. The immunocytochemical analysis also revealed 
that GA and siRNAhsp90ab1 decreased the expression of the HSP90AB1 
protein. However, GA was more efficient in silencing HSP90AB1 than 
siRNAhsp90ab1 (Fig. 4F and 4G). Thus, it can be concluded that GA is 
more efficient than siRNA in blocking HSP90AB1 expression. 

4. Discussion 

Given their therapeutic and preventive effects on various diseases 
associated with oxidative stress, plant phenolic compounds have 
increasingly attracted the attention of researchers seeking new forms of 
cancer treatment (Xavier et al., 2021). For example, GA efficiently in
hibits bladder cancer cells’ migration, invasion, and proliferation (Liao 
et al., 2018; Santos et al., 2018) and induces apoptosis in lymphoblastic 
leukemia cells (Sourani et al., 2016). In addition, GA has also been 
shown to inhibit the migration, proliferation, and invasion of oral SCC 
(Guimaraes et al., 2016). 

Invasive cancer is characterized by the ability of cancer cells to 
invade other layers of the original organ, thereby gaining the ability to 
disseminate to other body organs (Domingos et al., 2017). Therefore, 
cell invasion and migration are critical cellular mechanisms required to 
initiate this process. Recently, metastatic SCC has become an increas
ingly common and challenging entity that necessitates the exploration of 
new treatment options (Santos et al., 2021a; Tabosa et al., 2022). 

Fig. 3. (A) Graphs of Hsp90ab1 mRNA expression on skin carcinoma and keratinocyte cell lines treated with GA at 10 µg/mL. In the skin carcinoma cell lines, GA 
decreased the expression of Hsp90ab1; (B) In the keratinocyte cell lines, GA also decreased the gene expression of Hsp90ab1. (C-D) HSP90AB1 protein expression by 
immunocytochemistry on skin carcinoma cell lines treated with GA 10 µg/mL. In the skin carcinoma cell lines, the expression of HSP90AB1 was decreased; (E-F) In 
the keratinocyte cell lines, GA 10 µg/mL showed no decreased protein expression. The scale of 100 µm. *Statistical significance accepted at p < 0.05. 
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In this study, we analyzed the proteomic profiles of different types of 
NMSC (AK, BCC, and SCC). Among the neoplasms analyzed, SCC is the 
most malignant (Rosenberg et al., 2019). Therefore, it is necessary to 
focus on identifying differentially expressed genes in NMSC to under
stand carcinogenesis better (de Paula Souza et al., 2022). The data from 
the current study suggests that HSP90AB1 dysregulation is associated 
with SCC. Therefore, various gene expression datasets were compared to 
validate the characterization and expression of the Hsp90ab1 target 
gene in SCC, AK, BCC, and NS. We used GEO2R to identify the differ
entially expressed genes in each dataset, allowing us to place 3,598 
highly expressed genes and 3,345 downregulated genes. After an active 
search, the Hsp90ab1 gene was found in all datasets analyzed. These 
findings may support the association of HSP90AB1 with the process of 
carcinogenesis and progression of premalignant lesions in SCC. 

In this study, we evaluated the potential of GA to inhibit HSP90AB1, 
and the results demonstrated that GA not only reduced HSP90AB1 levels 
but also had inhibitory effects on the migration of cancer cells. GA can 
act in different ways to inhibit cell migration and proliferation and 
regulate genes involved in metastasis, angiogenesis, cell cycle progres
sion, and apoptosis of cancer cells (Guimaraes et al., 2016; Santos et al., 
2018). GA also decreases cell viability by arresting the cell cycle in the 
G1 phase (Lee et al., 2017). In this study, we measured the level of ROS 
in skin carcinoma cells and found that it was higher in the GA-treated 

cells than in the control and vehicle groups. According to the litera
ture, GA has been reported to have antioxidant effects. GA has increased 
ROS generation in cervical cancer cells (Park, 2017). It also appears 
essential in inducing cell apoptosis through ROS generation (Hsu et al., 
2016). Here, we showed increased ROS levels and death in GA-treated 
cells. Cell death may be due to the higher ROS production induced by 
GA, as shown in another study (Tabosa et al., 2022). In this study, we not 
only analyzed cell viability using an MTT assay but also analyzed the 
IC50 in A431 and HaCaT cells. The results showed that the cytotoxic 
effect of GA on skin carcinoma cells was more significant than that on 
skin keratinocytes. A previous study also showed differences between 
the IC50 values of HaCaT and A431 cells, which corroborates with pre
vious study (Tabosa et al., 2022). 

According to the literature, HSP90 is highly expressed in several 
tumors. HSP90 is a protein consisting of several molecules responsible 
for tumor progression and decreased survival, such as hypoxia-inducible 
factor 1-alpha (HIF-1a) (Fraga et al., 2012; Santos et al., 2021a). In this 
study, proteomic analysis revealed that high levels of HSP90AB1 were 
associated with SCC (Bander et al., 2019). In gastric cancer, the 
increased expression of HSP90AB1 is essential in promoting cell prolif
eration and metastasis. When this protein is silenced, cell proliferation, 
migration, and invasion are inhibited (Zhou et al., 2019). It was also 
found that in metastatic melanoma, HSP90AB1 expression is associated 

Fig. 4. siRNA-mediated downregulation of Hsp90ab1 and effect of GA in skin carcinoma cell lines. The silencing of Hsp90ab1 was performed and GA had an 
inhibitory effect on Hsp90ab1. (A-B) Cell death assay performed on skin carcinoma cell lines treated with GA 10 µg/mL and siRNAhsp90ab1. GA promoted the 
increased death of skin carcinoma cells. The cell death and migration assays show that the siRNAhsp90ab1 group did not cause death or inhibit the migration of skin 
carcinoma cells (C) siRNAhsp90ab1 and effect of the GA downregulation of mRNA Hsp90ab1. (D-E) GA promoted the decrease in migration of the skin carcinoma 
cells; (F-G) Immunocytochemistry analysis showed that GA decreased the expression of the HSP90AB1 protein. GA is more efficient in silencing HSP90AB1 than 
inducing silencing. The scale of 100 µm. *Statistical significance accepted at p < 0.05. 
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with disease progression, reduced survival, an increased likelihood of 
ulceration and increased mitotic rate, and an increased tumor thickness 
(Metri et al., 2017). In this study, we showed that GA, like siRNAh
sp90ab1, could decrease the mRNA and protein expression of HSP90AB1 
in skin carcinoma cells. However, while GA could induce cell death and 
impair migration, silencing Hsp90ab1 with siRNAhsp90ab1 alone was 
insufficient to cause these effects. 

Hence, developing new therapeutic modalities using HSP90AB1 in
hibitors can pave the way for treating various pathologies involving this 
protein (Chong et al., 2019; Milanesi et al., 2019). Natural compounds 
have been widely studied because of their therapeutic actions (Xavier 
et al., 2021). For example, the essential oil of Cymbopogon flexuosus is a 
potent inhibitor of Hsp90, whereas withaferin A, a plant-derived ester, 
has been found to inhibit Hsp90 in B-cell lymphoma (McKenna et al., 
2015; Gaonkar et al., 2018). 

In this study, cells treated with GA showed decreased migration, 
increased apoptosis, and higher ROS production. Furthermore, GA 
reduced HSP90AB1 expression. In addition to GA reducing the expres
sion of HSP90AB1 mRNA in cancer cells, GA also reduced HSP90AB1 
protein expression. However, interestingly, the level of HSP90AB1 
protein was not reduced in keratinocytes. Therefore, it can be inferred 
from the ROS and cell death assay results that GA at a concentration of 
10 µg/mL does not affect keratinocytes. It is important to emphasize that 
another cancer cell line was not tested in this study because a research 
group has already shown that 10 µg/mL of GA reduces migration and 
proliferation and induces cell death in cancer cells (Guimaraes et al., 
2016). 

In summary, treatment of skin carcinoma cells with GA at a con
centration of 10 µg/mL resulted in cell death, increased ROS generation, 
and reduced expression of HSP90AB1 mRNA and protein. However, 10 
µg/mL GA did not cause cell death nor influence the ROS generation rate 
in keratinocyte cells. Therefore, it can be concluded that GA at a con
centration of 10 µg/mL has an inhibitory effect on skin SCC and the 
HSP90AB1 biomarker but does not impair the function of keratinocytes. 
Thus, the deregulation of HSP90AB1 may be related to carcinogenesis 
and can be used as a molecular marker to predict the progression of 
premalignant lesions in SCC. 
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Ciążyńska, M., Kamińska-Winciorek, G., Lange, D., Lewandowski, B., Reich, A., 
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